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PLAYA SEDIMENTS IN THAR DESERT, NORTHWEST INDIA 
 
375. Joyanto ROUTH, Kalpana MUNNURU SINGAMSHETTY, Narendra Kumar MEENA, Johanna 
MYRMAN, Maarten BLAAUW and Purushothaman PARTHASARATHY HOLOCENE 
PALEOCLIMATE AND MONSOON CHANGES IN DIDWANA PLAYA SEDIMENTS IN THE 
THAR DESERT, NORTHWEST INDIA 
 
398. Kalpana MUNNURU SINGAMSHETTY, Joyanto ROUTH, Augusto MANGINI, Vikash 
KUMAR, Mahjoor Ahmad LONE, Ravi RANGARAJAN, Prosenjit GHOSH and Syed Masood 
AHMAD. INVESTIGATING THE DISTRIBUTION AND SOURCES OF LIPIDS IN 23-KA 
STALAGMITE FROM KREM MAWMLUH, NORTH-EAST INDIA  
 
399. Kalpana MUNNURU SINGAMSHETTY, Joyanto ROUTH, Augusto MANGINI, Vikash 
KUMAR, Mahjoor Ahmad LONE, Ravi RANGARAJAN, Prosenjit GHOSH and Syed Masood 
AHMAD. LIPID BIOMARKERS PRESERVED IN STALAGMITES FROM KREM SYNDAI AND 
RUPASOR (4.88 TO 0.29 KA), NORTH EAST INDIA 
 
400. Andrea SHILLING, Isla S. CASTAÑEDA, Tiago Z. BILLER, Caroline CLEROUX, Lennart J.de 
NOOIJER and Rik TJALLINGII. SEA SURFACE TEMPERATURE, VEGETATION AND 
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PALEOENVIRONMENTAL ANALYSIS IN JAPAN SEA SEDIMENTS OVER THE PAST 80,000 
YEARS INFERRED FROM ORGANIC COMPOUNDS 
 
499. Timothy I. EGLINTON and Geoffrey EGLINTON. LEAF EPICUTICULAR WAX ISOTOPIC 
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Archaea are ubiquitous in mesophilic and extremophilic environments. Variations in 

lipid composition of their unique tetraether membrane allow them to maintain integrity and 

permeability in moderate to extreme environmental conditions. A new class of GDGTs with a 

hydroxylation in one of the alkyl chains has been recently described in marine sediments1. We 

reported that these hydroxy-GDGTs are widespread and abundant in mesophilic marine and 

lacustrine environments. Moreover, we observed increasing hydroxy-GDGT contributions 

towards higher latitudes and lower water temperatures. A significant correlation between the 

relative abundance of hydroxy-GDGTs and temperature was observed in surface sediments. 

As these compounds were found both in modern and downcore samples, we suggested that 

the hydroxy-GDGTs could be included in the GDGT paleoproxy tool kit2. However, the 

physiological function of the hydroxyl group is not known. It has been postulated for 

hydroxydiether lipid cores in methanogenic bacteria that the hydroxyl group may alter the cell 

membrane properties, either extending the polar head group region or creating a hydrophilic 

pocket3. It has also been suggested that the hydroxylation of the biphytanyl moiety may result 

in enhanced membrane rigidity1. Here we present molecular modelling and dynamics results 

that will help to elucidate the physiological role of hydroxy-GDGTs.  

 

REFERENCES:  
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Methane is the second most important greenhouse gas after carbon dioxide and is a 

significant climate driver. There are many sources of methane in the marine environment such 

as gas hydrates, estuaries, sedimentary fans, mud volcanoes, cold seeps and pockmarks. To 

date, research on marine methane has mainly focused on anaerobic microbial processes. An 

alternative fate for methane is aerobic methane oxidation (AMO) by methanotrophic bacteria 

which takes place in aerobic surface sediments and the overlying water column.  

In this study we investigate bacteriohopanepolyols (BHPs), membrane lipids that 

perform a regulating and rigidifying role (Kannenberg and Poralla, 1999), found in many 

bacteria with a wide range of structural and functional variability (Talbot and Farrimond, 

2007). Specific 35-aminoBHPs are indicators for past activity of aerobic methanotrophs (van 

Winden et al., 2012); however, the factors regulating the expression of these BHPs are poorly 

constrained. To date, we have quantified changes in BHP composition in controlled 

microcosm experiments under a range of environmental conditions; temperature (4-60°C), pH 

(4-9), salinity (1-150 gL-1 at 21°C and 40°C) and methane concentration (0.1-5%). 

Complementary to this, total bacterial diversity in response to the aforementioned conditions 

was determined by targeting the 16S rRNA gene and methanotrophic diversity determined by 

targeting the particulate methane monooxygenase (pmoA). Aerobic microcosms inoculated 

with River Tyne estuarine were set-up in triplicate with a 5% methane amended headspace.  

Methane oxidation rates were monitored with headspace gas analysis using GC-FID. For each 

variable, unamended and heat killed controls were also set-up. Rates showed that 

methanotroph populations in the River Tyne are active over a wide range of temperatures, 4-

50°C, with different communities dominant at different temperatures. The rates of methane 

oxidation increased with methane concentration but little diversity was seen in methanotroph 

communities. The more extreme pH conditions showed a decrease in the rate of methane 

oxidation and once again different communities were dominant. 
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By investigating how environmental factors influence BHP signatures and their 

biological sources in modern systems, novel AMO proxies will be developed to allow greater 

information to be gathered from the sedimentary record.  
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Branched glycerol dialkyl glycerol tetraethers (GDGTs) are complex lipids of high 

molecular weight, recently discovered in soils and suggested to be produced by still unknown 

anaerobic bacteria. The relative distribution of branched GDGTs was shown to depend on 

environmental parameters, mainly temperature and pH. Even though over the last years an 

increasing number of studies have focused on the potential application of branched GDGTs as 

paleoclimate proxies, the ecological niche of their source organisms remains unknown. In a 

recent study we could show that in the vicinity of former roots, the GDGT abundance is 

higher and its composition different than in reference material distant to roots in terrestrial 

sediments (Huguet et al., 2012). However, it remains questionable whether this effect is also 

observed throughout the soil profile and within other environments than the previously 

investigated Nussloch site (SW Germany). Thus, an improved knowledge of the habitat and 

lifestyle of branched GDGT-producing bacteria is essential to interpret the environmental data 

derived from these lipids. The aim of this work was (i) to obtain more information on 

branched GDGT source bacteria via the analysis of branched GDGTs in the vicinity of root 

systems of different age and origin and (ii) to investigate the influence of root-associated 

branched GDGT source microorganisms on the estimated paleotemperatures derived from 

these lipids. Calcified and non-calcified living and dead roots were selected for this study. 

The abundance and distribution of branched GDGTs were determined in roots and 

surrounding soil/sediment collected from two forest sites on fluvial sand and loess near 

Sopron (Hungary). Non-calcified root samples and surrounding soil were collected between 0 

and 0.5 m below present surface for the sandy site, whereas calcified root systems (rhizoliths) 

were collected at 1.5 – 1.8 m and 1.8 – 2.5 m depth from two different sites. Reference 

sediment samples without visible root remains were collected 50-70 cm distant from the 

rhizoliths. Ancient roots (ca. 3000-yr age) and surrounding sediments were also collected at 

2.2-2.6 m in a loess-paleosol sequence located in Nussloch (SW Germany). 
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In non-calcified and calcified root systems from Hungary, branched GDGTs were 

especially abundant in fine roots (<2 mm) as well as in the close vicinity of all roots 

(rhizosphere) and were less concentrated in the larger roots (>2 mm) themselves. This 

suggests that branched GDGT-producing bacteria are associated with the root surface and 

most likely feed on root remains in living root systems. This is supported by the findings of 

ancient root systems from SW Germany, where the concentration of branched GDGTs was 

higher in the rhizoliths than in the former rhizosphere and the reference sediment (Huguet et 

al., 2012). To determine whether GDGT source organisms were connected to the direct root 

surface or the carbonatic crust, some calcified roots from Hungary were treated with 

hydrochloric acid prior to GDGT analysis to remove carbonates. This did not significantly 

change the abundance and distribution of branched GDGTs, suggesting that branched GDGT 

source microorganisms are closely connected to the root surfaces.  

The temperature estimates based on GDGTs were identical for roots and rhizosphere 

in the topsoil from Hungary. For the subsoil, calcified root systems revealed higher 

temperature estimates for the reference material and mostly lower values for the calcified 

roots. This holds for all sites although they exhibit contrasted mineralogy, suggesting a rather 

general effect. The rhizosphere often yielded intermediate estimates between roots and 

reference material.  

Concluding, GDGT source organisms are closely connected to the root surface and 

most likely feed on root remains rather than on exudates. Consequently, in the rhizosphere 

close to the root surface, branched GDGT distribution and thus GDGT-derived temperature 

estimates might be influenced by the presence of roots in the subsoil, which is likely not the 

case in material distant from roots. For topsoil it seems that temperature estimates do not 

depend on the distance towards the root surface as topsoils are densely rooted compared to the 

subsoil, leading to an equilibration of the root and non-root signal. 
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Scrutinizing the efficacy of paleo-thermometers when applied in different 

environments increases their robustness and the confidence in the interpretations of their 

results. This study examines the use of the glycerol-dibiphytanyl-glycerol-tetraether lipid 

(GDGT) based paleothermometer (TEX86/TEX86
L) in a fjordic environment. To this end, the 

GDGTs and alkenones of a ~39 m sediment core from Ísafjarðardjúp fjord, Northwest Iceland, 

were analysed to yield high resolution (1 sample/30 years) TEX86-, TEX86
L- and alkenone 

unsaturation index (UK’
37)- sea surface temperature (SST) records from 10,800 to 300 cal. a 

BP (calibrated years before present). Since the GDGT based paleothermometer can be 

overprinted by GDGTs derived from other sources, including sedimentary archaea associated 

with the anaerobic oxidation of methane (AOM) or terrestrial soil archaea, the methane index 

(MI) and the branched vs. isoprenoid tetraether index (BIT-index) were also measured. 

The reconstructed SSTs and MI indices are shown in Figure 1. The UK’
37-SSTs range 

between ~8.5 and ~14 °C throughout the early Holocene. During the neoglacial periods SSTs 

drop, and in the late Holocene range between ~7 and 13°C. The TEX86 reconstructed SSTs 

vary around ~10 °C between 10,800 and 7500 cal a BP, the TEX86
L-SSTs vary around ~3 °C. 

Subsequently both, the TEX86 and the TEX86
L-palaeothermometers indicate rising SSTs with 

maximum temperatures of ~30 and ~35 °C, respectively. These reconstructed absolute 

temperatures and trends stand in marked contrast to expectations and alkenone-based 

temperature reconstructions. The BIT-index is below 0.2 throughout the Holocene, indicating 

low terrestrial input and suggesting that the unreasonable SSTs produced by the GDGT based 

paleothermometer cannot be explained by terrestrially derived GDGT inputs. However, there 

is a very close relationship between increasing methane indices and the deviation of the 

TEX86-SSTs from the UK’
37-SSTs. Therefore, the TEX86 signal has likely been overprinted by 
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GDGTs derived from archaea associated with anaerobic oxidation of methane in the sediment 

and/or water column of Ísafjarðardjúp fjord. Crucially, the MIs are generally much lower than 

the previously reported ‘normal marine’ threshold of 0.4, previously proposed as a guideline 

for the reliable application of the TEX86 paleothermometer. Thus, the TEX86 thermometer 

may be biased at even low MIs representative of diffusive AOM activity in anoxic marine 

sediments and not just in methane seeps and hydrothermal vents. We suggest the MI index 

should always be measured when reconstructing SSTs using GDGTs, and the results should 

be interpreted with care where methane indices exceed 0.1. 

 
Figure 1: TEX86-SST, UK’

37-SST and MI variability throughout the Holocene. (a) Comparison 
between the UK’

37-SST and the TEX86-SST variability; The calibration errors associated with 
the calibration equations for the UK’

37-SST and TEX86-SST are given as a blue and black 
vertical bar. The black triangles indicate the 14C-AMS dated sediment horizons; (b) The MI 
variability throughout the Holocene; The dashed horizontal line indicates the MI threshold 
above which TEX86-SST results need to be viewed critically; (Inset; c) 2nd order polynomial 
regression between the MI and T (TEX86-SST - UK’

37-SST). 
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As other biochemical compounds archived in soils and sediments, pentacyclic 

triterpenes can undergo several transformations that can alter the original hydrogen isotopic 

composition they acquired during biosynthesis. These well-known transformations (i.e. 

Corbet et al., 1980; Rullkötter et al., 1994) may include migration or suppression of methyl 

groups and double bonds, ring-A opening and degradation, progressive aromatisation, and, 

eventually, hydrogen exchange with environmental waters. Reversely, the extent to which 

these can affect the original δD is poorly understood. 

In order to quantify these isotopic effects, we submitted a series of standard 

pentacyclic triterpenes of known δD to various conditions and then measured the δD of each 

by-product. The set of standard pentacyclic triterpenes included triterpene ketones (lupenone, 

friedelin, β-amyrenone and α-amyrenone) methyl ethers (miliacin, β-amyrin ME and 

crusgallin), acetates (β- and δ-amyrenyl, taraxeryl, multiflorenyl and glutinyl acetates) and β-

amyrin. 

In the first experiment, we exposed our standards to UV radiation during 24h. As 

expected (Simoneit et al., 2009), only ketones (lupenone, friedelin, β-amyrenone and α-

amyrenone) were significantly affected. The δD values of compounds amenable to GC-irMS 

resulting from their photochemical degradation (canaric, putranjivic, nyctanthic and roburic 

acid derivatives, respectively) did not exhibit significant difference with the δD values of 

original compounds, except for lupenone. 
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In the second experiment, our standard compounds were subjected to a solution of 

acetic acid/sulfuric acid/D2O (50:1:1 vol.) for 3 days at 50 °C (Pakrashi and Samanta, 1967). 

The resulting compounds were recovered by liquid extraction, concentrated, and analysed by 

GC-MS after addition of 5α-cholestane as an internal standard. Except for friedelin, all 

compounds were partially transformed. Friedo-rearranged compounds of the oleanane series 

such as multiflorenyl, taraxeryl and glutinyl acetates were transformed into β-amyrenyl (Δ12), 

δ-amyrenyl (Δ13,18) and germanicyl acetates (Δ18), β-amyrenyl acetate being converted into δ-

amyrenyl acetate that is itself converted into germanicyl acetate. These transformations are in 

agreement with previous results (Chatterjee et al., 1976). They are accompanied by a 

significant enrichment in deuterium that is sensitive to the mass spectra of resulting 

compounds as revealed by a noticeable increase in the molecular mass and an increase in the 

mass of key fragments. The determination of the δD values of the various compounds 

obtained will allow us to quantify these isotopic effects. 

In the third experiment, miliacin was mixed with D2O in the presence of clay minerals 

(montmorillonite, smectite, kaolinite) for 8 months at 80 °C to estimate hydrogen exchange 

between water, miliacin and clay minerals.  
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Branched glycerol dialkyl glycerol tetraethers (GDGTs) are bacterial membrane lipids 

produced in soils and peat and increasingly used in palaeoenvironmental studies (Schouten et 

al., 2013 and references therein). Their degree of methylation and cyclisation, expressed in the 

MBT index and CBT ratio, are related to soil pH and temperature. Upon erosion, fluvial 

transport and deposition in the marine sedimentary archive, this relation may be used to 

reconstruct past annual mean air temperatures. In addition, their abundance relative to the 

predominantly marine derived isoprenoid GDGT crenarchaeol, quantified in the BIT index, 

can be used to trace the input of soil organic matter in marine sediments. These proxies rely 

on the assumption that all branched GDGTs have a terrestrial origin. 

Often, in marine sediments away from significant river input, branched GDGTs can 

still be detected, albeit in low abundance relative to crenarchaeol, i.e. reflected by a low BIT 

index. Their source and delivery mechanisms are not yet well constrained. They might derive 

from dust input, dispersion of fluvial-derived organic matter or potentially be produced in-situ 

(Peterse et al., 2009). In order to constrain their source, we analysed distributions of branched 

GDGTs in a global set of marine sediments characterized by a low BIT index as well as in 

atmospheric dust filters and surface waters taken onboard research vessels along the 

equatorial African coast. These distributions were compared with previously published data 

on surface sediments from a large deep sea river fan (Congo) and global soils. 

Branched GDGTs were detected in most of the 12 dust filters analysed, though often 

near detection limit. Although MBT indices and CBT ratios were comparable to those found 

in soils, BIT indices were 0.25 on average, which is an atypical value for soils that generally 

show values around 0.9 (e.g. Schouten et al., 2013). Deposition of crenarchaeol on the dust 

filters by means of sea spray is suggested as explanation, which is supported by the low BIT 

indices measured in surface waters outside the Congo River plume. Comparison of CBT 

ratios for the 38 global marine sediments with global soils as well as with the dust samples, 
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surface waters and sediments obtained within and around the Congo River plume, clearly 

show that the marine sediments return distinctly lower values (Figure 1). 

Based on these data, both atmospheric dust and dispersed fluvial organic matter can be 

discarded as a major source of branched GDGTs in marine sediments away from river mouths. 

Instead, the low CBT values are, at least based on observations in soils, reflective of high pH 

conditions and as such indicative of in-situ production, presumably within the sediments 

although production in the water column could not be excluded. This result supports earlier 

reports of similar distinctive CBT ratios in marine sediments near Svalbard (Peterse et al. 

2009) and on the East China Sea shelf (Zhu et al. 2011), and now expands the hypothesis of 

in-situ production to a more global scale. The implication is that caution should be exercised 

when applying the MBT-CBT palaeothermometer in sediments with low BIT indices. Based 

on our data a cut-off value would be a BIT index of 0.1. Although reproducibility of BIT 

indices can vary between laboratories, the most recent interlaboratory comparison exercise 

indicates that BIT values in this low range can be reproduced rather accurately between labs. 

 

Figure 1: Box plots of CBT ratios for the different sample groups. Horizontal line represents 
the median, shaded areas comprise 50% of samples and dots beyond the whiskers represent 
upper and lowermost 10% of samples. No whiskers are plotted if n<10.  

 

REFERENCES: 
Schouten S. et al. (2013) The organic geochemistry of glycerol dialkyl glycerol tetraethers: A 

review. Organic Geochemistry 54, 19-61. 
Peterse F. et al. (2009) Constraints on the application of the MBT-CBT palaeothermometer at 

high latitude environments (Svalbard, Norway). Organic Geochemistry 40, 692-699. 
Zhu C. et al. (2011) Sources and distributions of tetraether lipids in surface sediments across a 

large river-dominated continental margin. Organic Geochemistry 42, 376-386. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 43 -



APPLICABILITY OF THE BIT (BRANCHED AND ISOPRENOID TETRAETHER) 
INDEX AS A PROXY OF PALEOFLOOD EVENTS IN RIVER-DOMINATED 

CONTINENTAL MARGINS 
 

Jung-Hyun KIM1,*, Roselyne BUSCAIL2, Frédérique EYROLLE-BOYER3, 
Tommaso TESI4,5, Wolfgang LUDWIG2, Denise DORHOUT1 and 

Jaap S. SINNINGHE DAMSTÉ1 
 

1. NIOZ Royal Netherlands Institute for Sea Research, Texel, The Netherlands 
2. CEFREM-UMR CNRS 5110-University of Perpignan, Perpignan, France 

3. Institut de Radioprotection et de Sûreté Nucléaire, IRSN/PRP-Env/SESURE/LERCM, St 
Paul lez Durance, France 

4. ISMAR-CNR, Bologna, Italy 
5. Department of Applied Environmental Science, Stockholm University, Stockholm, Sweden 

*) Corresponding author: Jung-Hyun.Kim@nioz.nl 
 

With a warmer climate, the possibility of increased precipitation intensity and 

variability is projected to increase the risks of extreme events such as floods. In this 

perspective, many countries located in temperate and tropical zones are highly vulnerable to 

such extreme events, exposing their coastal areas and their dense population to dramatic 

human and economic consequences. Continuous paleoflood (floods in the past) records 

beyond the instrumental period are rare or too short to assess natural variations in flood 

occurrences related to climate changes. Therefore, it is highly desired to establish a proxy 

which can be used for paleoflood reconstruction.  

Thanks to the development of high pressure liquid chromatography-mass spectrometer 

(HPLC-MS) techniques, the BIT (Branched and Isoprenoid Tetraether) index, a ratio that 

reflects the contribution of branched glycerol dialkyl glycerol tetraethers (brGDGTs) derived 

from soil bacteria to marine Thaumarchaeota-derived isoprenoid GDGTs (isoGDGTs), was 

introduced as an indicator of soil organic matter input from land into the ocean (Hopmans et 

al., 2004). The BIT index has also shown its potential as a proxy for paleohydrology changes 

(Ménot et al., 2007; Verschuren et al., 2009). However, it has been also shown that variations 

in the BIT index in marine sediments may predominantly reflect variation in marine 

crenarchaeol production rather than the soil-derived brGDGTs flux. Therefore, it is necessary 

to further assess its applicability for the paleostudies in diverse river systems by constraining 

the source of brGDGTs and isoGDGTs.  

In this study, we tested the applicability of the BIT (Branched and Isoprenoid 

Tetraether) index as a proxy of paleoflood events in the river-dominated continental margin of 

the Gulf of Lions (NW Mediterranean). We compared the concentrations and distributions of 

brGDGTs and isoGDGTs of a variety of soils and suspended particulate matter collected in 
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the Rhône basin (France) with those of marine surface sediments collected during non-flood  

(red triangles) and flood (blue triangles) periods in the Gulf of Lions (Figure 1). In general, 

the BIT values and brGDGTs concentrations were higher in the Rhône prodelta (Figure 1). 

Interestingly, brGDGTs concentrations of surface sediments sampled after the June flood 

(higher than 3000 m3 S-1) which was artificially induced by opening the dams located along 

the Durance River, are lower than those collected during other flood periods. Accordingly, 

our study highlights the importance of the study in the drainage basin itself to constrain the 

source of brGDGTs transported by rivers in order to better interpret the marine signals. 

 

 

Figure 1. A) Rhône River water and suspended particulate matter (SPM) discharges and B) 
spatial distribution patterns of the BIT index and the brGDGT concentration of surface 
sediments sampled in the Rhône prodelta. 
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The Mediterranean Sea is a marginal, landlocked Sea, especially sensitive to both high 

and low latitude climate forcings and thus is a particularly favourable area for paleoclimate 

studies. However, long-term continuous and high‐resolution reconstructions of sea surface 

temperature (SST) using classical tools (e.g. planktonic foraminifera assemblages, Mg/Ca, 

and K'
37U ) have been hampered in the Eastern Mediterranean Sea by the lack of modern 

analogues to compare with fossil assemblages during the sapropels, high salinity, diagenetic 

alteration of carbonate signal carriers, and low abundances or the absence of long‐chain 

alkenones in some organic-poor sedimentary intervals. Another tool is the TEX86 proxy, 

which was developed based on isoprenoid glycerol dialkyl glycerol tetraethers (isoGDGTs) 

biosynthesized by Thaumarchaeota (Schouten et al., 2002) and afterwards slightly modified to 

TEX , a logarithmic function for TEX86 applicable to (sub)tropical oceans and greenhouse 

periods (Kim et al., 2010). Although, applications of the TEX  proxy in the Eastern and 

Western Mediterranean Sea have shown its potential, it still remains uncertain how well the 

TEX  proxy reconstructs annual mean SSTs in the Mediterranean Sea. In this study, we 

analysed core-top sediments from the Mediterranean Sea (n = 147) and investigated a number 

of potential factors influencing TEX  in comparison to K'
37U  to improve the interpretation of 

paleorecords: (1) the influence of soil-derived isoGDGTs, (2) methanogenic archaeal input, (3) 

methanotrophic archaeal input, (4) different production seasons of isoGDGTs, and (5) 

different water depth production of isoGDGTs.  

Along the coastal zones, which are usually characterized by a high input of soil 

organic matter from rivers, much lower TEX  SSTs (well outside the 3°C error range of 

TEX ) were observed compared to both satellite-derived annual mean and warm season 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 46 -



temperatures. However, our simple two end member mixing model results were in line with 

the previous study (Weijers et al., 2006), which in general supports that the TEX  is 

applicable in settings where the BIT index is <0.3. It appears that TEX  was not to a great 

extent, influenced by isoGDGTs produced by archaea active in the methane cycle. It is 

apparent that TEX  was skewed toward warmer summer-autumn SSTs, while K'
37U  resembled 

colder winter-spring SSTs (Figure 1). Seasonal differences between the timing of the 

Haptophyte and Thaumarchaeotal blooms cannot, however, fully explain warmer TEX -

derived temperatures at some deep sea sites. The application of the global calibration of 

H
86TEX  with depth-integrated annual mean temperatures from 0 to 200 m water depth (Kim et 

al., 2012) improved the TEX  temperature estimates, implying some influence of deeper 

water depth productions of Thaumarachaeota. Clearly, long-term time series data covering 

different seasons, water depths, and oceanographic provinces, for instance, using sediment 

traps are needed to better constrain the impact of the depth and season of Thaumarchaeota 

production on TEX  in the Mediterranean Sea.  

  
Figure 1. Annual mean temperature differences (T) between satellite-derived SST and (A)

-derived and (B) TEX -derived temperatures using the calibrations of Müller et al. (1998) 

and Kim et al. (2010), respectively. 
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Alkenone hydrogen isotope compositions (D) are increasingly used to infer paleo-

salinity variations (e.g., Pahnke et al., 2007; van der Meer et al., 2008). The interpretations 

are based on results from deuterium-enriched Haptophyte cultures which showed a linear 

correlation between the D of culture waters and alkenones (Englebrecht & Sachs, 2005). 

Later experiments with freshwater-diluted culture media suggest an additional salinity-effect 

amplifying the recorded D signal (Schouten et al., 2006). Except for a study of alkenone D 

variations in an estuary (Schwab & Sachs, 2011), so far no investigation of alkenone D in 

natural environments exists.  

During cruise MSM20-3 off the Amazon mouth in February/March 2012 we collected 

surface water particulates on pre-combusted GFF filters and corresponding water samples. 

Sea-surface salinity (SSS) and temperature (SST) was monitored by the vessel’s thermo-

salinograph. D of surface waters showed a linear correlation with salinity indicating a 

1.1 ‰/psu increase (Fig. 1). Of 30 extracted filter samples, 28 contained detectable amounts 

of C37 alkenones ranging in concentration from 0.2-65.3 ngL-1. While samples from 

salinities >25 psu showed variable alkenone concentrations, samples from salinities <25 psu 

consistently showed concentrations <10 ngL-1. No alkenones were detected for salinities <15 

psu. UK
37’-SST estimates agree with ship-based SSTs within 1.5°C for samples with >10 ngL-

1, but show deviations up to 5°C for concentrations <10 ngL-1. C37 alkenones from 16 samples 

could be analysed for their D compositions determined for the combined C37 alkenones 

according to van der Meer et al. (accepted). The D compositions of C37 alkenones in all 

samples revealed no correlation to salinity or the D of surface waters. If only samples with 

concentrations >10 ngL-1 are considered (n=5), a correlation with salinity (r2=0.71, p<0.05) 

and with the D of surface waters (r2=0.85, p<0.05) is observed. The D compositions of C37 

alkenones increase by 1.9 ‰/psu suggesting an additional salinity effect. For these samples, 

the fractionation factor α shows no correlation to SST or concentrations of C37 alkenones. 

Instead, it shows some correlation to salinity (r2=0.52, p<0.05) suggesting an about 1 ‰/psu 

increase of deuterium fractionation with salinity.  
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Based on these findings we infer that a) no freshwater-derived alkenones are present 

offshore the Amazon River, b) only samples with >10 ngL-1 of C37 alkenones reflect actual 

production and alkenones in other samples are likely advected or re-suspended, c) deuterium 

fractionation in C37 alkenones is influenced by salinity amplifying the recorded signal, and d) 

D of C37 alkenones can be used to infer paleo-salinity variations off the Amazon.  

 

 

Figure:  a) D of surface water off the Amazon vs. salinity during February/March 2012, b) 
D of C37 alkenones vs. D of surface waters. Trendline and equation reflect samples with C37 
alkenones >10 ngL-1 (black dots). 
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Branched glycerol dialkyl glycerol tetraethers (brGDGTs) of purportedly terrestrial 

origin, are frequently detected in marine sediments, even in remote ocean sites where no 

direct impact from land erosion via rivers takes place. In these places, the most likely 

explanation for the presence of brGDGTs is in situ production or eolian transport, but neither 

possibility has yet been demonstrated in the open ocean. Here, we report the presence of 

brGDGTs in nine dust samples collected off North West Africa and show their possible long-

range transport to remote ocean sites. brGDGT concentrations of up to 5 µg gorganic carbon
-1 

were found in the dust samples with a composition previously observed in temperate and 

tropical soils. Prevailing wind-pattern, bulk chemistry, n-alkane composition and isotopic 

signatures indicate that North West Africa is the likely principal origin of the lipids. The two 

terrestrial tracers, plant wax n-alkanes and soil-derived brGDGTs, are, however, negatively 

correlated among the dust samples possibly because they tag different components of the 

biogeochemical carbon cycle and due to variations in the source locations arguably spreading 

from deserts to rainforests. brGDGTs seem to be a promising complementary dust tracer, 

tagging specifically the soil-derived deposition into the open ocean.  
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Figure 1. Example of GDGT and long-chain n-alkane distribution in one of the dust samples. 
(GDGTs are named here according to their m/z, with 1292r indicating the crenarchaeol 
regioisomer). 
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Anammox bacteria are the only known performers of anaerobic ammonium oxidation 

(anammox), which has been shown to contribute to a significant loss of fixed inorganic 

nitrogen from the world’s oceans today. They belong to a deep-branching group of the 

phylum Planctomycetes. Ladderane lipids (e.g. Fig. 1a, I-II) are unique biomarkers to these 

bacteria (Sinninghe Damsté et al., 2002), and the presence of ladderanes in environmental 

samples is indicative of the anammox reaction. It has been suggested that anammox was also 

an important process in past nitrogen cycling (e.g., it may have been responsible for a 

decrease in marine nitrogen availability during the Cretaceous Oceanic Anoxic Event; 

Kuypers et al., 2004). However, due to the labile nature of functional groups and the 

cyclobutanes of the ladderane moieties, it is important to understand the fate of anammox 

lipids upon dia- and catagenesis in order to apply these biomarkers to sediments from past 

marine environments.  

Here, we present the results of an investigation into the thermal stability of ladderane 

and other lipids of anammox bacteria by way of hydrous pyrolysis experiments (ranging 

between 120 and 365°C) performed on anammox biomass. Oil produced in the 200 – 365°C 

experiments contained several novel lipids. Some of these lipids had a m/z 163 fragment in 

their mass spectrum, which is reminiscent of ladderane lipids, indicating that they may be 

thermal products of ladderanes. Initially, these lipids were believed to derive from ladderanes 

which had lost their functional group (fatty acid or ether), and where the concatenated 

cyclobutane rings were transformed into a three ring structures of two cyclohexane moieties 

condensed with a cyclobutane moiety [6-4-6]. However, the mass spectrum of a synthesised 

[6-4-6] C20 lipids (Fig. 1a, III) was unlike the mass spectra of the components in the hydrous 

pyrolysis oils. Two dimensional NMR of one of the most abundant components, isolated by 

preparative gas chromatography (GC), revealed that it probably contains a three ring structure 

of cycloheptane and cyclopentane moieties condensed with a cyclobutane moiety [7-4-5; V], 
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which needs to be confirmed by synthesis. V is probably formed by ring opening and 

rearrangements of the original ladderane. 

To resolve the complex, co-eluting mixture, of ladderane thermal products, we used 

two-dimensional GC/time-of-flight mass spectrometry (GCxGC/TOFMS) for a more 

complete characterisation of the hydrocarbons in these oils. GCxGC/TOFMS indicated that 

there were in fact several homologues of this molecule (ranging from C13 – C22; e.g. IV) 

representing the sequential loss of a carbon atom from the aliphatic chain (Fig. 1b). In 

addition, there were at least two isomers of the C20 component. 

a  

b  

Fig. 1. a) Chemical structures of anammox lipids (I-II), synthesised ladderane C20 
hydrocarbon (III), and the supposed thermal maturation products (IV-V). b) Selected ion mass 
(m/z 163) GCxGC chromatogram showing ladderane-like homologues and isomers.  
  

These thermally stable ladderane products will be useful in future studies as tracers for 

past anammox activity by analysis of ancient sediments and crude oils.  
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The MBT/CBT proxy, expressed as the degree of methylation index and cyclization 

ratio of branched tetraethers (Weijers et al., 2007) has been used to reconstruct an integrated 

signal of the drainage basin mean annual air temperature (MAAT) and soil pH. However, it 

has been shown that MBT/CBT-derived MAATs in surface sediments across river-dominated 

continental margins do not always represent the MAAT and soil pH of the river basin. 

Therefore, it is necessary to further constrain its applicability in diverse river systems. We 

carried out detailed studies in two river systems that are different in terms of river size and 

climate setting: the large, tropical Amazon River and the much smaller Tagus River, located 

in the dryer climate of the Iberian Peninsula. The sources of brGDGTs was investigated by 

comparing the concentrations and distributions of branched glycerol dialkyl glycerol 

tetraethers (brGDGTs) in soils, river suspended particulate matter (SPM) sampled over the 

annual cycle, marine SPM, and marine sediments. 

Soils in the Amazon River basin had very homogenous brGDGT distributions. In the 

Amazon River SPM, the brGDGTs distributions were slightly different compared to those in 

soils, due to in-situ production in the river. In marine SPM and sediments, the brGDGTs 

distribution closest to the Amazon River mouth was similar to that of the Amazon River, but 

in the offshore sites the brGDGTs distributions were substantially different from the riverine 

signal. Consequently, the MBT/CBT-derived MAATs were up to 10 ºC lower than those of 

the Amazon River, while the CBT-derived pHs were up to 2 pH units higher. We argue that 

in-situ production in the marine environment was most the probable cause for this 

discrepancy. 

The brGDGT distributions in Tagus basin soils were much more diverse than in the 

Amazon basin and mostly reflected MBT/CBT-derived MAATs that were very low (1-8 ºC), 

i.e. much lower than the actual modern MAAT (14ºC) of the drainage basin. This may be due 

to the prevailing arid conditions (precipitation < 500 mm y-1) (Peterse et al., 2012). The 
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MBT/CBT-derived MAAT in the Tagus River SPM is ca. 9-10ºC, higher than in the so far 

analyzed soils. This might be due to in-situ production in the river, but may also be due to the 

predominant contribution of brGDGTs from the mountainous Tagus source area. The 

brGDGTs distributions in the marine SPM and sediments differed from those of the Tagus 

River SPM, most likely due to in-situ production in the marine settings. Surprisingly, however, 

the MBT/CBT-derived MAATs from marine surface sediments were similar to the drainage 

basin MAAT (13-14ºC), but this must be a coincidence since the MBT/CBT-derived MAAT 

from the Tagus River SPM and the basin soils was lower.  

Our results from the Amazon and Tagus systems suggest that in-situ production in the 

river as well as marine settings may have a strong impact on the applicability of the 

MBT/CBT proxy. Hence, our results provide new insights on the interpretation of the 

paleorecords, for instance the strong decrease in the MBT/CBT-derived MAATs 

reconstructed from ODP 942 for the Holocene (Bendle et al., 2010). Consequently our study 

emphasizes the importance of a detailed study of a river basin before applying the MBT/CBT 

paleothermometer in the adjacent marine setting.  

 

Figure 1: The Amazon (A) and Tagus (B) sampling sites and sample types investigated. 
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Long chain alkyl diols are widely distributed in both marine and freshwater 

environments. Recently we introduced the Long chain Diol Index (LDI), based on the 

fractional abundances of C28 and C30 1,13- and C30 1,15-diols, as a proxy for 

palaeotemperature reconstruction in marine environments (Rampen et al., 2012). Since these 

long chain diols are also commonly present in freshwater environments, we are now testing 

the applicability of the LDI for lakes. This is highly relevant as palaeotemperature proxies for 

lakes are scarce whilst lacustrine records are often excellently preserved and characterized by 

high sedimentation rates, allowing high-resolution climate studies.  

Thus far, eustigmatophyte algae are the only known biological sources for C28 – C32 

1,13- and 1,15-diols. Although long chain diol distributions in marine eustigmatophytes 

significantly differ from distributions in natural environments, the long chain diol content of 

freshwater eustigmatophytes correlates well (Rampen et al., 2012), indicating that, at least in 

lacustrine environments, eustigmatophyte algae are a plausible source for these compounds. 

Therefore we have grown cultures of all known eustigmatophyte clades at various 

temperatures, to determine the impact of temperature on the long chain diol distribution in 

these algae, and we are preparing additional culturing experiments to determine the effects of 

other environmental parameters like nutrient availability, and growth phase. 

We have also determined long chain diol compositions of 62 lake sediments, 

previously obtained in a study of branched glycerol dialkyl glycerol tetraethers (br. GDGTs, 

Blaga et al., 2010). The correlation of measured LDI values with observed mean annual air 

temperatures (a commonly used indicator for lake water temperature in limnological studies) 

is low (R2 < 0.3), but a significant correlation was observed with GDGT-derived mean 

summer lake-water temperatures (Fig. 1, R2 = 0.69) using the calibration of Pearson et al. 

(2011). The low correlation between the LDI and mean annual air temperatures could indicate 

that long chain diols are produced during specific periods, in which lake temperatures 

strongly differ from mean annual air temperatures. This idea is supported by the much 
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stronger correlation between LDI values and br. GDGT-derived mean summer lake-water 

temperatures. These data suggest that long chain diols may be applicable as a proxy for 

lacustrine temperature.  

These exciting initial findings are being followed by analyses and comparisons of long 

chain diol distributions with other proxies analyzed in a number of lake sediment cores. These 

studies include comparison of long chain diol with long chain keto-ol distributions. Long 

chain keto-ols are suggested to be degradation products of long chain diols, and could 

therefore potentially be applied as temperature-proxies for sediments in which long chain 

diols cannot be quantified. The results of our study are expected to be good indicators for the 

applicability of long chain diols as palaeotemperature proxies in lacustrine environments. 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Cross plot of LDI values versus br. GDGT inferred mean summer lake-water 
temperatures, using the GDGT-temperature model of Pearson et al. (2011). 
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In the marine realm the reconstruction of paleotemperature, mostly mean annual sea 

surface temperature (SST), via molecular proxies, in particular UK37 and TEX86 indices, is 

well established and frequently utilized by paleoclimatologists and paleoceanographers. The 

molecular paleothermometers provide reliable temperature estimates for most realms, though 

exceptions have been noted, where an adaption to regional characteristics is required, e.g. 

UK37 modification for the North Atlantic or TEX86 deviations from regular calibrations in the 

Red Sea. 

Application of molecular paleothermometers to terrestrial habitats is more challenging, 

due to a variety of factors making lake sediments and soils substantially more heterogeneous 

than marine sediments. The main molecular paleothermometers applied to the terrestrial realm 

are the methylation and cyclisation ratios of branched GDGT core lipids. In this contribution 

we focus on the GDGT distribution patterns in lake sediments as archives of past paleoclimate. 

A major shortcoming in the application of branched GDGTs as paleoproxies is the inability to 

determine and isolate the biological producers of these lipids and hence a complete lack of 

cultivation experiments to observe responses to multiple environmental variables. Therefore, 

calibrations of GDGT distributions using modern lake surface sediments have been conducted 

and significant deviations between published calibration function occur. We have previously 

published a calibration function based on sediments from 9 lakes in New Zealand and revise 

the original calibration function after adding additional 25 lakes to the study. Despite the now 

more than 30 lakes encompassing training set, the correlation of MBT and CBT indices with 

mean annual air temperature (MAAT) is still below a r2 value of 0.7. The factors contributing 

to deviations of predicted temperatures from MAAT, obtained from a climate model, can be 

attributed to the following: 

i) Branched GDGT-derived MAATs in various lakes differ from the mean average lake 

temperature as well as soil temperature due to micro-climate influences, whereby the 

exposition of the lake is most critical 
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ii) Lake depth and associated with this the influence of lake fringes with aquatic macrophyte 

vegetation influence the bacterial community residing in the lake and contributing to the 

GDGT pool. 

iii) Variations in allochthonous vs. autochthonous GDGT influx into lake sediments may be 

highly variable between lakes and extremely difficult to disentangle. 

To address the problems, we have complemented the analysis of GDGT in lake sediments 

with the following investigations: 

i) Temperature data loggers were deployed in the field at 9 locations in 2011 to record soil 

temperatures at 10-15 cm depth over a full year (6 additional sites were included in 2012 

and data will be retrieved in March 2013). In addition, loggers were installed in and 

retrieved from 3 lakes, with 3 logger recoveries scheduled for March 2013). This allows 

investigating deviations in microclimate based on actual field measurements on site. One 

of the studied lakes, Boundary Stream Tarn, near Lake Pukaki in NZ, showed maximum 

deviations from air temperature models of up to 6°C during the summer period. 

ii) Samples were collected from soils in the catchment of each lake and where possible, 

sediments from tributaries were collected as well. Comparison of GDGT distributions 

from lake sediments to those of soils and creeks exhibited strong differences and argue 

against a dominant input of GDGTs from soils into lake sediments. This method is, 

however, not suitable to quantify minor soil GDGT influx into lakes. Different GDGT 

patterns were also noted for wetlands associated with lakes and hence, it is of severe 

importance, if a lake is shallow due to sediment infilling and the relative contribution of 

GDGTs produced by bacteria inhabiting the lake fringes increases. As all lakes are 

ultimately being silted up or experience periods of lake level lowstand (e.g. during glacial 

periods), the GDGT-calibrations applicable to lakes need to be adapted to individual lake 

stages or environmental conditions. Such assessments of paleosettings maybe based on 

molecular proxies for aquatic macrophytes influx, including n-alkyl lipid distributions. 

iii) A discrimination plot utilizing the MBT vs. the CBT ratio may provide a simple tool to 

identify an influx from peat/ bog environments, from soil inwashing, from humic and 

low-pH riverine influx and other factors, though this assessment at present is not 

quantitative. 

We will demonstrate a full assessment of environmental parameters controlling the 

distribution of GDGTs in lake sediments based on field-measured climate data and 

allochthonous source composition. 
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Understanding past climate variability is important for predicting future climate 

change as well as how ecosystems, organisms and human society could be affected. Climate 

models use past climate data  to predict future climate trends, so information gathered from 

different climate archives is imperative to the validation of accurate climate models. 

Terrestrial environments play an important role in global climate, however, continental 

climate reconstructions are hindered by the lack of continental temperature proxies. The 

MBT/CBT proxy is a fairly new continental temperature proxy that is based on the 

distribution of branched GDGTs (glycerol dialkyl glycerol tetraethers) biosynthesized by 

anaerobic bacteria living in soils. The degree of cyclisation of branched tetraethers (CBT) 

relates to soil pH and the degree of methylation of branched GDGTs (MBT) relates to both 

mean annual air temperature (MAT) and soil pH (Weijers et al., 2007). The BIT (branched 

and isoprenoid tetraether) index is another proxy that was used in these climate 

reconstructions and it also utilizes GDGTs. This proxy is based on the relative abundance of 

the terrestrial derived branched GDGTs compared with marine derived crenarchaeol, an 

ubiquitous compound that comes from marine planktonic archaea, and is used to determine 

the relative terrestrial input to a system (Hopmans et al., 2004). Higher BIT values are 

representative of systems with more terrestrial input and when BIT values are below ≈0.30 the 

MBT/CBT proxy may not work due to the low amounts of branched GDGTs.  

In this study we investigated four sediment cores collected along a transect from the 

Tagus River to the Tagus Canyon (Fig. 1a) to learn more about the potential and the 

limitations of the MBT/CBT proxy and the BIT index and to gain insight into past climate 

variability over the Iberian Peninsula during the Holocene. As expected, the BIT values of the 

Tagus River core (#0501.029) are the highest (above 0.80) and the other three cores have 

significantly lower BIT values (below .20), which decrease with increasing distance from the 

coastline. The MBT/CBT-derived MATs resulting from the river  core (#0501.029) might be 
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too varied, showing a 10°C change, to be considered realistic for the Holocene. The CBT-

derived pH from all four sediment cores are above 7 and so are too high to be accurately 

reflecting the pH of the Iberian soils, which typically fall between 4.5-6.5. For the other three 

cores in the transect, the mudflat core (#PE332-30-2), the marine core (#PE332-44-2), and the 

Tagus Canyon core (# PE269-39pc), the low BIT values and the high pH results lead us to 

believe that the MBT/CBT derived temperatures are not indicative of continental temperatures 

and so the branched GDGTs are coming from some other source. We theorize that the 

problems we are experiencing with using the MBT/CBT proxy in the Portuguese sediment 

core samples are predominantly due to in situ production in river water and marine sediments.  

 
Figure 1. (a) Map showing the locations of the cores and (b) MBT/CBT-derived MAT and 
BIT index of the cores. 
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The hydrogen isotopic composition (δD) of alkenones has been shown to record the 

δD of growth water in culture (Engelbrecht & Sachs, 2005). Additionally, D/H fractionation 

during synthesis of alkenones decreases with increasing salinity in the marine haptophyte 

algae Emiliania huxleyi and Gephyrocapsa oceanica (Schouten et al., 2006). Their results 

showed a positive linear correlation between the fractionation factor α between alkenone and 

water δD (αalkenone-water) and salinity with 0.003 change in fractionation per salinity unit. 

Recently Schwab and Sachs (2011) found no relationship between αalkenone-water and salinity for 

alkenones produced by,  most likely, coastal haptophyte algae in a natural salinity gradient in 

the Chesapeake Bay estuary. The authors suggested that there might be differences in 

sensitivity of D/H fractionation to salinity between different haptophytes, i.e. coastal versus 

open marine species. 

Here we present the results of batch culture experiments with an open ocean species, E. 

huxleyi, and two coastal species, I. galbana and C. lamellosa, grown at different salinities to 

investigate the relationship of D/H fractionation with salinity and the effect of growth phase 

(coastal species), since growth phase is thought to affect hydrogen isotope fractionation in 

alkenone producing haptophytes (Wolhowe et al., 2009). Our results show a positive linear 

correlation between αalkenone-water and salinity with approximately 0.002 change in fractionation 

per salinity unit for I. galbana and E. huxleyi harvested during exponential growth phase. 

Although the two haptophytes show a similar response to salinity change, the slopes of the α-

salinity relationship are similar (0.0019 and 0.0022), the absolute fractionation is very 

different as indicated by the different intercepts (0.835 and 0.739 for I. galbana and E. huxleyi, 

respectively) (Fig. 1). For the I. galbana cultures harvested during stationary growth phase we 

observed the same absolute fractionation as for the exponential growth phase as indicated by 

the intercepts (0.835 and 0.833 for exponential and stationary growth phase, respectively). 

However, we observed a smaller positive correlation between αalkenone-water and salinity  for the 

cultures harvested during stationary growth phase, with 0.001 change in fractionation per 
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salinity unit (Fig. 1). These results are different than the findings of Schwab and Sachs (2011) 

for the Chesapeake Bay estuary. We are currently acquiring the δD data for C. lamellosa. 

Our data suggests that the δD of alkenones can be used to reconstruct relative shifts in 

paleosalinity in coastal as well as open ocean environments. However, the observed  

difference in αalkenone-water versus salinity relationship between I. galbana cultures harvested in 

exponential and stationary growth phase might have an impact on the salinity signal in a 

natural environment.  

Figure 1.  Fractionation factor α of C37 alkenones for I. galbana and E. huxleyi against salinity. 
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Glycerol dialkyl glycerol tetraethers (GDGTs) are lipids of high molecular weight 

present in membranes of Archaea and some bacteria and are increasingly used as biomarkers 

for paleoclimate reconstruction. Based upon a worldwide calibration established by Weijers et 

al. (2007) in soils, the degree of methylation (MBT) and the degree of cyclisation (CBT) of 

bacterial GDGTs were correlated to mean annual air temperature (MAAT) as well as pH of 

soils. Studies using this new tool for temperature reconstruction in continental environments 

showed promising results and the ubiquity of GDGTs across the world gives to this 

MBT/CBT proxy a powerful potential. 

However, its application to lacustrine systems seems less straightforward. Indeed, first 

studies in lakes showed discrepancy between measured and calculated temperatures. All 

studies reported underestimation (up to 30°C) of the temperature calculated with the 

MBT/CBT calibration compared with on-field measurements. This difference can be 

explained by different factors. First, bacterial GDGTs might be produced in the water column 

and/or in the sediment in addition to being produced in surrounding soils. This double origin 

of the branched GDGTs might complicate the application of the MBT/CBT proxies. Second, 

the global calibration established by Weijers et al. did not include lacustrine materials and 

was set upon a wide range of climates and geological configurations. Local lacustrine 

calibrations taking into account regional environmental specificities might yet improve the 

accuracy of temperature reconstructions.   

In this study, we propose to combine microbiology and geochemistry techniques to 

further investigate the sources of both archaeal and bacterial GDGTs in an East African crater 

lake – lake Masoko, Tanzania – located at 840 m altitude in the Rungwe volcanic chain. To 

this end, soil and sediment samples were collected all around the lake. In addition, suspended 

matter was sampled with sediment traps placed at three different depths in the water column. 

The comparison of GDGT distribution in the different samples helps (i) in elucidating the 
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source(s) of these compounds (surrounding soils and/or in-situ production) in the lake and (ii) 

in determining at which depth the GDGTs are preferentially produced.  The combination of 

microbiology and geochemistry analyses gives more insights on the diversity and abundance 

of microbial communities producing the GDGTs in the lake and in the surrounding soils.  

In parallel, soils were sampled along an altitudinal transect from 500 to 2800 meters in 

the Rungwe Mountain. The corresponding altitudinal temperature gradient was estimated with 

the MBT/CBT proxies. Preliminary results showed an altitudinal shift of 0.7 °C every 100 

meters with a good correlation coefficient (R²=0.77, Fig. 1), in agreement with temperature 

gradient based on in situ measurements. Similarly, temperature lapse rate along Mount 

Kilimanjaro (Tanzania) was estimated as 0.7 °C/100 m based on the MBT/CBT proxies 

(Sinninghe Damsté et al., 2008), even though it was slightly higher than the one obtained 

from in situ measurements (0.5 °C). These results show that the MBT/CBT are suitable 

temperature proxies in Tanzanian soils. Nevertheless, their applicability in sediments from 

lake Masoko and more generally in lakes has to be confirmed. 

 

 

 

 

 

 

 

 

 

Figure 1.  Calculated temperature based on MBT/CBT as a function of altitude (Rungwe 
Mountain, Tanzania). 
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The D/H composition of n-alkyl biomarkers from leaf waxes is being increasingly 

used in palaeohydrology (Sachse et al., 2012). Extracting palaeoclimatological information 

sequestered in the D/H signal requires knowledge and understanding of the factors that 

control hydrogen isotope fractionation (l/w) between organic compounds and source water. 

Estimating l/w for various plants that contribute to the sedimentary record is particularly 

important in palaeoclimatic investigations in terrestrial settings – e.g. lakes and wetlands – 

where palaeoenvironmental D/H record could be quite sensitive to shifts in the contribution of 

plants with very different l/w. Indeed, previous research showed interspecies variability in l/w 

by up to 100‰ (Feakins and Sessions, 2010; Hou et al., 2007; Pedentchouk et al., 2008). The 

reasons for such large differences and the effect they might have on the terrestrial D/H record 

remain largely unexplored. The purpose of this project is to determine the magnitude of l/w 

and to investigate the mechanisms controlling this parameter in several common deciduous 

and conifer species in northern Eurasia. 

Our approach is trifold. First, we determined the D values of n-alkanes from leaf 

waxes in modern species representing Betula, Pinus, and Salix genera sampled at the end of 

growing season in 11 locations along a longitudinal transect from the UK to central Siberia. 

Second, we measured the D values of n-alkanes in the same genera throughout the growing 

season in Norwich. Both n-alkane data sets were then used to calculate l/w values using the 

D values of tap water collected at each location. Third, we used the D values of n-alkanes 

from the same genera in Norwich, UK and Moscow, Russia to calculate l/w based on stem 

and leaf water D values. 

We found that the D values of tap water correlate very strongly with the D values of 

n-C27 alkane in individual genera along the transect, i.e. a decrease in the former leads to a 

concomitant decrease in the latter from the UK to eastern Russia. The R2 values calculated for 

Betula, Pinus, and Salix species are 0.95, 0.97, and 0.82, respectively. However, the l/w 

values calculated between n-C27 alkane and tap water show consistent relative differences 

among Betula, Pinus, and Salix, largely independent of location and season (Fig. 1), which 
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suggests a common variable – e.g. isotopically different soil water taken by Betula, Pinus, and 

Salix at each location - responsible for the differences in l/w. Interestingly, the differences in 

the D values of stem and leaf waters in Norwich and Moscow are significantly less among 

Betula, Pinus, and Salix (-54, -58, -56 and -20, -16, -25‰ in Norwich, and -75, -74, -76 and -

24, -32, -24 in Moscow) than those observed in l/w. Thus, the relative differences in l/w 

calculated between n-C27 alkane and stem water (-105, -115, -128‰ in Norwich and -116, -

134, -147‰ in Moscow) and between n-C27 alkane and leaf water (-136, -152, -156‰ in 

Norwich and -162, 171, -192‰ in Moscow) display the same pattern as those observed 

spatially and temporally, i.e. Betula shows the most positive and Salix - the most negative l/w 

values. This observation provides a strong evidence to suggest that the processes that result in 

the differences among l/w in Betula, Pinus, and Salix are not limited to the physical processes 

that control the D values of source water, be it at the level of soil, stem, or leaf water. These 

processes are most likely to involve D/H fractionation that takes place during photolysis of 

leaf water and subsequent biosynthesis of organic compounds that comprise leaf waxes. 

 

Figure 1. D/H fractionation between n-C27 alkane and tap water along a transect from the UK 
to Eastern Russia (a), and from May to September in Norwich, UK (b).   
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Reconstruction of sea surface temperatures (SST) is crucial to understand past climate 

evolution. A few organic proxies have been developed and applied during the last decades to 

reconstruct SST changes over different time periods, i.e., the UK’
37 index, based on long-chain 

unsaturated ketones synthesized by haptophyte algae, and the TEX86 proxy, based on 

thaumarchaeotal membrane lipids. Recently, Rampen et al. (2012) proposed the Long Chain 

Diol index (LDI) as a novel paleotemperature proxy, based on the C30 1,15‐diol abundance 

relative to those of C28 1,13‐, C30 1,13‐ and C30 1,15‐diols in marine sediments. However, 

there are many uncertainties concerning this new proxy, and it requires further testing before 

it can be confidently applied.  

Thus far, it is known that marine and freshwater eustigmatophyte algae produce C28 - 

C32 1,13- and 1,15-diols, but the diol composition of the marine species differs from the 

distributions found in marine environments. In order to identify possible biological sources, 

more than 60 marine and freshwater stramenopile algal cultures have been analysed on their 

long chain diol content. This showed the presence of C24 - C30 1,13- and C24 1,15-diols in 

several marine species other than Eustigmatophyceae. However, C30 1,15-diols have thus far 

not been found in other algae. Hence, the sources of the main long chain diols in marine 

environments remain uncertain. 

We performed a comprehensive study around Iceland, consisting of lipid and 18S 

rRNA gene analysis of suspended particulate matter, sediment trap material, surface 

sediments and sediment cores, to gain insights in the possible biological sources of long chain 

diols and the LDI applicability in this region. Our results indicate that long chain diols are 

generally present in low abundance and that the LDI may not be applicable around Iceland, 
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due to a lack of correlation SST. Sediment trap analysis revealed that long chain 1,13- and 

1,15-diols seem to be related with trace abundances of Proboscia diatoms.  

Comparison of LDI records with UK’
37 and TEX86 records from sediment cores from 

the westernmost Mediterranean Sea and the eastern Equatorial Pacific supports the 

applicability of the LDI proxy in those areas. Preliminary LDI-SST derived from the eastern 

Equatorial Pacific show a similar trend to TEX86 record, but different from the UK’
37 over the 

last deglaciation. Results from Mediterranean sediment cores spanning the last 20 kyr show 

similar SST oscillation trends in the three organic proxies from the Last Glacial Maximum to 

the Bölling onset, with minimum temperature values (ca. 10-12ºC) around 18 kyr and during 

the Last Heinrich event followed by a progressive SST warming to the Bölling-Alleröd. In 

contrast, during the Holocene a discrepancy in the SST recorded by the different 

paleothermometers is observed, likely due to a shift in the main season of production of the 

TEX86. 

 

Figure 1. Age profiles of UK’
37-, TEXH

86-, and LDI-SST records of core 293G in the western 
Mediterranean. Dashed vertical bar indicates the warm period Bölling-Alleröd (B-A). Light 
grey vertical bars indicate main cold periods, i.e. the Last Glacial Maximum (LGM), the last 
Heinrich event (H1), the Younger Dryas (YD), and the “8.2 kyr” cold event. 
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Glycerol dialkyl glycerol tetraether (GDGT) membrane lipids of Archaea respond to 

gradients in temperature and pH; however, it is unclear how these lipids respond to gradients of 

other environmental variables. Here, we analyzed water chemistry, archaeal lipids and amoA, 

nirS and dsrB genes from 37 hot springs on the Tibetan high plateau (elevation > 4400 m). 

Strong correlations between intact polar lipids and their degradation product core lipids indicate 

that these two pools of lipids are closely related and may be originated in situ. Cluster analysis 

resulted in three major groups, within each of which the individual samples showed better 

correlations between ring index, TEX86, or methane index and temperature, pH or geochemical 

variables (e.g., nitrite, nitrate, and sulfide) in polar fraction than the corresponding core fraction. 

Most of these relationships didn’t exist when all of the samples were considered as a whole. 

Abundances of amoA and nirS genes were strongly correlated with certain intact polar- or core 

lipids. This indicates a potential link between specific microbial functions and the production of 

individual GDGT lipids and highlights the potential utility of GDGT lipids as proxies for 

biogeochemical processes. 

The current work was conducted in State Key Laboratory of Marine Geology, Tongji 

University. 
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Many exceptionally preserved fossils displaying soft tissue have previously thought to 

be the product of preservation by bacterial autolithification, an assumption based largely on 

the presence of mineralised spherical or elongate bodies on their surface.  This interpretation 

has recently been challenged by studies of similar fossils citing morphological and 

geochemical evidence that these structures are more likely to be fossilised melanosomes, 

pigment-containing organelles (Barden et al. 2011; Wogelius et al. 2011; Glass et al. 2012).  

Thus far there have been no such studies on fossilised amphibians though some fossil tadpoles 

demonstrate the presence of dense layers of spherical bodies within their soft tissues 

(Toporski et al. 2002). 

The fossil remains of a 25 million year tadpole were studied from the Oligocene 

Enspel Formation in Germany. The fossil displays small spherical bodies on its surface.  

Pyrolysis-gas chromatography mass spectrometry (py-GCMS) analyses produces series of n-

alkane/alkene doublets and n-alkanoic acids with distinctly different distribution patterns in 

matrix compared to the tadpole. This indicates no movement of organics from the matrix into 

the tadpole and therefore those of the tadpole are most likely endogenous to the original 

organism. This is strengthened by the presence of phytol, indicative of plant material, in the 

matrix and not in the tadpole as well as a difference in chemical inventory as determined by 

infra-red spectrometry. Py-GCMS also shows evidence of bacterial biomarkers in the matrix 

but not in the tadpole indicating that the organic remains in the tadpole are unlikely to be 

bacterial.   

When mapped using synchrotron rapid scanning x-ray fluorescence the tadpole also 

shows high levels of zinc in its soft-tissues, a metal known to chelate to both eu- and 

pheomelanin. Zinc has been noted in fossilised tadpoles before (Mcnamara et al. 2009) but it 

is the first time that it is demonstrated to be present throughout the soft tissue. In addition, 

using X-ray absorption near edge spectroscopy (XANES) the zinc is shown to be organically 
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bound. The XANES spectra of the tadpole are very similar to those from zinc bound in 

pheomelanin in modern human blonde hair.  It is known that melanin can act like a metal ion 

sink during diagenesis, leading to the build-up of metals such as zinc where melanin was 

present, allowing them to be used as pigment biomarkers (Wogelius et al. 2011). FTIR also 

suggests the presence of melanin pigment in the tadpole. 

Bacteria however are also known to take up and use zinc, and though we have no 

geochemical evidence for bacteria in the tadpole its presence cannot be ruled out.  This 

indicates that more work needs to be done to determine the precise coordination chemistry of 

zinc in the fossil tadpole and compare it to that of zinc in pure eu- and pheomelanin. 
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Since their discovery, branched glycerol dialkyl glycerol tetraethers (brGDGTs), 

which are membrane lipids of soil bacteria, have formed the basis of several proxies for the 

reconstruction of past climate and/or environmental change[1-3]. Over the last few years, 

brGDGTs have increasingly found use in carbon cycle studies, where they play the role as 

tracers for soil-derived organic carbon; specifically, the relative amount of brGDGTs in 

coastal marine sediments is used as a proxy for fluvial input of soil organic carbon (OC) into 

a marine system[3]. While brGDGT records from continental margin sediments have been 

used to provide an integrated climate history of the adjacent river basin, recent studies 

indicate that additional production of brGDGTs is taking place in rivers, which may influence 

the initial distribution of soil-derived brGDGTs upon entering the river[4]. To increase our 

confidence in paleoclimate reconstructions based on brGDGTs in river fan sediments, and to 

assess the suitability of brGDGTs as tracers for soil OC, it is necessary to constrain the 

provenance of brGDGTs in rivers, as well as the processes that they undergo during transport 

from land to sea. Hence, monitoring the abundance and distribution of brGDGTs throughout a 

river basin may contribute to our understanding of the manner in which these compounds, and 

associated soil OC, are mobilized and how their signatures evolve prior to discharge to the 

ocean. 

The aim of this study is to evaluate how the soil-derived brGDGT signals evolve 

during fluvial transport from land to sea. Organo-mineral associations, particularly with 

respect to fine-grained, high surface area minerals (clays) are inferred to stabilize organic 

matter during soil cycling and mobilization. BrGDGTs associated with the silt and clay 

fractions of river-transported material may therefore most strongly reflect the initial soil-

derived distribution of brGDGTs. Indeed, the concentration of brGDGTs in riverbank 

sediments from 7 global rivers, spanning a range of temperatures and precipitation regimes, is 

highest in the smallest size fraction. Remarkably, however, brGDGT-based climate proxy 

measurements yield the same values across all size fractions, suggesting a common source for 

the brGDGTs.  
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In an attempt to determine the contribution of aquatically-produced brGDGTs to 

fluvial brGDGT signatures, we conducted a soil incubation experiment using river and near 

shore ocean water as microbial inocula. The first results indicate that brGDGTs production 

can indeed take place in the fresh water environment of rivers and the wet control (Milli-Q), 

but not in the more saline ocean water. Interestingly, while in situ production of brGDGTs 

lead to an increase in the total brGDGT concentration, it did not alter their initial distribution. 

Although the aquatic production of brGDGTs is still not fully understood, these observations 

suggest that brGDGTs in river fan sediments may record an integrated climate signal of the 

associated river basin. 
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The analysis of organic matter in speleothems is of value to palaeoenvironmental 

research because it provides links to the overlying soil and plant ecosystems.  However, 

although increasing work has been carried out in the realm of lipid biomarker analysis (e.g. 

Xie et al., 2003; Blyth et al., 2011), little consideration has been given to many other 

compounds that are likely to be present, including carbohydrates and amino acids.  Previously, 

interest in the latter in speleothems has been restricted to whether racemisation can be used as 

a dating technique, with the evidence suggesting the approach would be of extremely limited, 

if any use (Blyth et al., 2008).  However, more recent work in soils has indicated that changes 

in amino acid signatures can be related to changes in vegetation regime, and potentially issues 

such as soil aridity (Creamer et al., 2012).  Therefore, it is time that the amino acid record in 

speleothems was revisited. 

There are four main parameters which may be of use in understanding an amino acid 

environmental signal: 1) the types of amino acids present; 2) the abundances of amino acids 

present; 3) the racemisation ratio (the ratio between the L and D optical isomers in each acid, 

with L representing fresher input, converting to D over time); 4) compound specific isotopic 

composition of individual amino acids.  Previously, only 1) and 4) have been considered, with 

ten amino acids optical isomer pairs being identified in a French stalagmite spanning 32-83 ka.  

The D/L ratio of this record showed considerable variation through time, but did not correlate 

closely with any known environmental parameter, as represented by the 13C and 18O signals in 

the stalagmite calcite, which represented Dansgaard-Oeschger cyclicity (Blyth et al., 2008).  

The controls on the racemisation signal in speleothems therefore remain unknown.   

Here were present the results of proof of concept investigation into the 

palaeoenvironmental utility of amino acid records in speleothems, using a 2000 year old 

stalagmite from northwest Scotland, which has previously been analysed for lipid biomarkers 

(Blyth et al., 2011), and contains a clear climatically driven vegetation change from a birch 

dominated landscape to a peat dominated landscape.  The sample provides an ideal test for 
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this technique as it allows comparison with multiple existing proxies (lipid biomarkers, bulk 

organic isotopes, 18O and 13C isotopic records in the stalagmite calcite, local peat records) and 

an established environmental history, providing the opportunity to assess different amino acid 

based proxies against potential environmental controls. 
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Leaf wax n-alkane D/H ratios (expressed as δD values) from marine sedimentary 

records are often used as basin-wide integrators of paleohydrological processes. However, 

little is known about leaf-wax source regions and the influence of individual catchments on 

the integrated signal. This is especially important in large catchments with steep climatic 

gradients, as the Ganges-Brahmaputra river system. Here we investigate the spatial 

distribution of leaf wax n-alkane δD values from vegetation and river sediments within the 

Arun valley in eastern Nepal. The Arun Valley is the largest catchment in the central 

Himalaya and forms a natural cross-section through the Himalaya draining parts of the 

southern Tibetan Plateau. This region is characterized by one of the world’s steepest 

climatological gradients with annual rainfall in excess of 4 m at the mountain front and arid-

to-semi-arid conditions on the Tibetan Plateau in the north. As such, the progressively dryer 

catchments from south to north provides an excellent natural laboratory to study the spatial 

heterogeneity of leaf wax n-alkane δD values in the sources (vegetation) and sinks (sediments 

and soils) and to understand basin wide spatial integration processes of terrestrial organic 

material.   

We conducted a sampling campaign across a steep roughly north-south oriented 

altitudinal (68 to 4269 m a.s.l.), hydrological (0.8 – 4.5 m/yr) and vegetational (alpine - 

subtropical) gradient. We analysed water and leaf wax n-alkanes from different natural 

archives such as meteoric water, plants, particulate organic material, soils and fluvial 

sediments of the main stem and its tributaries.  

Our isotopic analysis of water samples revealed that surface waters within this 

catchment are largely dominated by two sources: Deuterium depleted water (δD values 

between -110 and -80‰), derived from the snow-covered and glaciated areas of the Higher 

Himalaya and the Tibetan Plateau, and D enriched monsoonal precipitation derived water (δD 

values between -70 to -40‰) in the Lesser Himalayas. While modern vegetation showed 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 77 -



widely variable leaf wax n-alkane δD values (-200 to -120‰), the two water sources are also 

reflected in δD values of sedimentary leaf waxes from the respective catchments. 

Interestingly, the Arun-river waters sampled from the downstream section near the plains in 

southern Nepal at the end of the monsoon season were characterized by more negative δD 

values (-100 to -80‰), suggesting that the major source of river water was glacial or snow-

melt water and not monsoonal precipitation water. In addition, leaf wax n-alkane δD values of 

fluvial sediment samples from the same sites in southern Nepal (-170‰) also reflected melt 

water sources, rather than a monsoonal water source for terrestrial organic material. It is 

unclear, if this is due to transport of organic material from the northern part of the transect or 

if the majority of organic material is derived from plants within the lower-elevation, vegetated 

Arun valley itself. 

Our data demonstrate that the substantial catchment scale heterogeneity of surface 

waters is recorded in leaf wax n-alkane δD values, and that they can be used as organic matter 

tracers within large fluvial catchments. In the Arun valley we find that sedimentary records of 

leaf wax n-alkanes are biased towards glacial and snow-melt water supplied catchment areas 

and do not necessarily provide a basin-wide average of hydrology conditions. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 78 -



COMPOUND SPECIFIC 2H/1H OF MODERN LEAF WAXES ALONG A NORTH 
AMERICAN MONSOONAL TRANSECT 

 
Melissa BERKE*, Brett TIPPLE, Bastian HAMBACH and James EHLERINGER 

 
Global Change and Sustainability Center, Univ. of Utah, Salt Lake City UT, 84112, USA  

*) Corresponding author: Melissa.berke@utah.edu 
 

The western portions of North America receive extensive winter moisture, driven by 

frontal systems out of the Gulf of Alaska. Some regions also receive additional moisture in 

the summer. This summertime North American monsoon moisture streams from the eastern 

Pacific Ocean onto the Mexican Plateau and the southwestern United States. Our research is 

aimed at improving the understanding of variability of this monsoon system by increasing our 

knowledge of the spatial and temporal delivery pattern, as well as isotopic signature of 

moisture to this drought-prone region. To this end, we sampled five species spanning a 

geographic transect (1290 km) from Tucson, Arizona to Salt Lake City, Utah (USA): Arizona 

white oak, Gambel oak, Russian thistle (tumbleweed), sunflower, rabbit brush, and big 

sagebrush. Leaves were collected in order to assess the impact of summer monsoonal 

precipitation on leaf wax isotopic composition along a spatial boundary between summer and 

winter moisture regimes.  Compound specific 2H/1H was measured on n-alkanes of leaf waxes 

from new leaf growth collected in September 2012 along this transect. These plants develop 

new leaves (“flush”) with seasonally delivered monsoonal precipitation and thus can be used 

as a seasonal record of the isotopes of precipitation to answer questions about moisture 

sourcing, advection, and distribution of moisture for the last growing season in comparison to 

measured climatological variations. This study of precipitation dynamics of the modern North 

American monsoon will provide insight to allow for the more accurate description of 

monsoonal precipitation to this region reconstructed from paleoclimate records.  
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 Long-chain alkenones (LCA) have become a standard proxy for the reconstruction of 

past sea surface temperatures in marine environments. This is based on the observation of a 

linear relationship between the degree of unsaturation (expressed as the Uk’37 index) and 

water temperature. Increasingly, LCAs are reported from lakes around the world ranging from 

hypersaline to freshwater conditions and have been used as a lacustrine paleothermometer. 

However, the degree of unsaturation of LCAs in lakes as a proxy of temperature is still 

associated with large uncertainties: lacustrine LCA producing algae are different and more 

diverse than marine species and the Uk’37 relationship with temperature is characterized by 

species-specific sensitivities.  

In order to clarify lacustrine LCA sources and evaluate their sensitivity to temperature 

we designed a study of six LCA containing lakes in Northeast Germany (Zink et al 2001). In 

2012 a two-year monitoring program was set up in Lake Tiefer See, where we identified 

LCAs in surface sediments for the first time. Here, monthly particulate organic material, 

water and sediment trap samples were collected to compare the production of alkenones to 

changes in the physical and chemical condition of the lake water. In order to constrain the 

potential source organism, we used DNA fingerprinting based on 18S r RNA gene analysis. In 

addition to the spatial calibration we compared LCA concentrations and the Uk’37 ratio in the 

annually laminated sediments of Lake Tiefer See covering the last 90 years to the 

instrumental temperature record from the region. We observed an increase in alkenone 

concentrations over the last three decades coinciding with an increase in the regional mean 

temperatures. The results of our work point out LCA as a highly sensitive paleotemperature 

indicator and contribute to the development of a new global proxy in lake sediments.  
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Compound-specific hydrogen isotopic analyses are gaining incredible interest in 

paleoenvironmental studies due to the intimate relationship that exists between the δD of 

sedimentary compounds and climatic parameters (temperature, precipitation, humidity…; 

Sachse et al., 2012). To contribute to this line of methods, the PalHydroMil project 

(www.palhydromil.eu, ANR JCJC 2010) aims at developing a new proxy of past climatic 

conditions based on the hydrogen isotopic composition (δD) of an original molecular 

biomarker, miliacin. Miliacin was detected in Lake le Bourget (French Alps) sediments, 

where it has a single plant source: broomcorn millet (Panicum miliaceum) (Jacob et al., 2008). 

The evolution of miliacin concentration in sediments during to the Bronze Age is presently 

interpreted in terms of varying amounts of millet produced in the catchment. Whether this 

reflects any direct or indirect climatic control is to be tested. δD values of time sequences of 

this molecule extracted from twin sedimentary cores in Lake le Bourget is expected to provide 

clues to test this hypothesis, assuming that the relationship between the δD values of miliacin 

and the controlling parameters are understood and quantified. 

We grew millet in controlled environment chambers in which treatments varied in the 

following parameters: (i) δD values of the hydroponic solution (HS) (ii) relative humidity; (iii) 

hydric stress as controlled by polyethylene glycol (PEG) concentration; (iv) subspecies of 

broomcorn millet.  

The isotopic compositions of water in the hydroponic solution and in different organs 

were determined after cryogenic distillation on an Aquaprep (Isoprime irMS coupled to a 

Gilson 222 XL) for δ18O and on a PyrOH (Isoprime irMS coupled to a Eurovector Elemental 

Analyser) for δD. At maturity seeds were collected, miliacin was extracted and purified 

before determining its δD values by GC-irMS. 
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δD values of the non-transpiring organs (roots and stems) were similar to those of the 

HS water. In contrast, water in transpiring organs (leaves and panicles) were depleted relative 

to their HS where δD values of HS water were low and enriched where δD values of HS water 

were high. These results are consistent with the physical process of selective transpiration. δD 

values of miliacin strictly paralleled the δD values of leaf water with a constant biosynthetic 

fractionation of 120 ‰. Three different relative humidity applied to the millet plant (48, 61, 

74%) impacted the leaf water δD values but had no effect on the biosynthetic fractionation 

between leaf water and miliacin (120 ‰). 

Miliacin δD values were only affected by a 10 ‰ enrichment when the amount of 

PEG increased from 0 to 198 g l-1 (0 to -5 bars of osmotic potential). Higher amounts of PEG 

induced poor development of the plant, excluding any conclusion on the isotopic impact of a 

larger hydric root stress.  

The δD values of miliacin extracted from two varieties of P. miliaceum (var. ruderal 

and a cultivated var. sunrise) growing under the same climatic conditions was exactly the 

same, thus implying that the biosynthetic fractionations between leaf water and miliacin were 

unaffected by genetic differences.  

Our results indicate that the δD values of miliacin are mainly controlled by leaf water 

δD values with a constant biosynthetic fractionation and limited or no effect of hydric stress 

and varieties. In turn, leaf water δD values are affected by δD values of soil water and 

transpiration. 
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A distinctive signature of Atlantic Meridional Overturning Circulation (AMOC) 

slowdown is anticorrelated variation between surface and subsurface water temperatures in 

the tropical N Atlantic [1,2]. AMOC slowdown leads to sea surface temperature (SST) 

cooling in the North Atlantic region, which in turn intensifies the NE trade winds [1,3]. 

Strengthened NE trade winds result in surface cooling of the tropical N Atlantic [1,2]. 

Simultaneously, shallow subsurface (below 30 m) waters warm due to reduced warm-water 

export to the north [1]. This distinctive pattern has been observed in coupled ocean-

atmosphere climate models and observational data on decadal to multi-decadal timescales [1-

2,4]. Recently, Lopes dos Santos et al. [5] showed that the pattern of surface cooling and 

subsurface warming in response to AMOC slowdown also existed on longer, millennial to 

multi-millennial timescales, and was a prevalent feature of the tropical N Atlantic throughout 

the last 200 Kyr. The authors reconstructed SST and thermocline temperatures using the Uk’
37 

and TEXH
86 proxies, respectively. 

Here, we follow the approach developed by [5] to investigate if the Uk’
37-TEXH

86 

temperature difference can be used to past variations in AMOC strength during the Plio-

Pleistocene (4-0.5 Ma). We study an ODP core from the tropical NE Atlantic located in 

relatively close proximity to the site studied by Lopes dos Santos et al. [5]. Paired Uk’
37-

TEXH
86 temperature measurements are made to investigate past changes in AMOC variability 

on longer timescales. We will also examine plant leaf wax 13C to investigate C3 vs. C4 

vegetation changes on the N African continent associated with AMOC variability. In addition 

to producing the distinctive anticorrelated pattern between surface and subsurface water 

temperatures in the tropical N Atlantic, AMOC slowdown also has a significant impact on N 

African climate. Strengthened northeast trade winds, in combination with the advection of 

cold air from the high latitudes cause a southward displacement of the Intertropical 

Convergence Zone (ITCZ), and an intensification of the African Easterly Jet, leading to arid 

conditions in continental N Africa [3,4]. Indeed, several studies have shown a close link 

between AMOC variability and hydrological conditions in N Africa during the late 

Pleistocene and Holocene.  
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Analyses of Uk’
37, TEXH

86 and n-alkane 13C are currently under way. Preliminary 

results indicate consistently warmer temperatures reconstructed by the Uk’
37 Index with a 

 Uk’
37-TEXH

86 difference of up to 8°C noted during the past 3.5 Ma. As expected the Uk’
37 

record indicates warmer SSTs in the Pliocene in comparison to the Pleistocene. As a first 

order test to examine vegetation variability, we examine the ratio of C31/(C31+C29) n-alkanes, 

which has been shown to vary as a function of aridity or temperature. This record suggests a 

higher contribution of vegetation adapted to hot or dry conditions during the Pliocene in 

comparison to the Pleistocene. We will confirm these trends with n-alkane 13C 

measurements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Records from ODP 660A. A) Uk’

37 SST record. B) TEXH
86 temperatures. C) T 

(the Uk’
37-TEXH

86 temperature difference. D) The ratio of C31/(C31+C29) n-alkanes. 
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Microorganisms are key players in all global nutrient cycles and thus have a huge 

impact on the environment. It is estimated that there are 1015-1017 prokaryotic species, of 

which only about 1% can be cultivated by standard techniques. In order to bridge the gap 

between existing and cultivatable microorganisms, new, culture-independent techniques to 

characterize microbial communities and their metabolic pathways need to be established. 

Recently, a new method to identify the core metabolisms of microorganism in situ 

was proposed (Zhang et al. 2009). It was shown, that the deuterium to hydrogen (D/H) ratio 

of fatty acids reflects the core metabolism of microorganism in culture. Therefore, it should 

be possible to obtain a metabolic fingerprint of microbial communities by analysing their 

fatty acid hydrogen isotopic composition. So far this method has been applied to cultured 

microorganisms and relatively simple environments such as hot springs (Osburn et al. 2011). 

We have determined the hydrogen isotopic composition of polar lipid derived fatty 

acids from North Sea suspended particulate matter (SPM) obtain at the NIOZ Jetty sampled 

at high tide every month from December 2010 until December 2011 and Schiermonnikoog 

microbial mat sampled at regular intervals from November 2009 until August 2010. The 

hydrogen isotopic composition of the polar lipid derived C14, C16:1, C16 and C18 fatty acids 

obtained from the North Sea SMP all show a similar yearly pattern, i.e they are more D 

enriched in winter and most D depleted in May and September (Figure 1). The hydrogen 

isotopic composition of the polar lipid derived C16 and C16:1 fatty acids obtained from the 

microbial mats range from -160 to -200 and -120 and -140‰  between November and April, 

respectively (Figure 1).  

Our initial results could suggest that the majority of the fatty acids from the North Sea 

samples are mainly derived from phototrophic organisms, since the D values of 

approximately -200‰ fit with the results from Zhang et al., 2009 for phototrophic organisms 
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and the hydrogen isotopic composition of the C20 polyunsaturated fatty acid (PUFA), an algal 

biomarker. The more D-enriched values during the winter could potentially indicate a larger 

contribution from heterotrophic organisms (Zhang et al., 2009). The C16:1 fatty acid and 

especially the C16 fatty acid are more enriched in D in the microbial mat compared to the 

North Sea SPM, potentially suggesting a higher contribution from heterotrophic organisms 

especially in the C16 fatty acid. The shift to more depleted values in April in the mat can 

potentially be explained by an increase in phototrophic activity in the spring.  

These initial results suggests that polar lipid derived fatty acid hydrogen isotopes, 

may be a promising tool to increase our understanding of the functioning of marine 

ecosystem. 

 

Figure 1.  Hydrogen isotopic composition of polar lipid derived fatty acids from the Wadden 
Sea and a Schiermonnikoog microbial mat. 
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Increasing temperatures, altered precipitation regimes and elevated atmospheric 

carbon dioxide concentrations are likely to have complex and non-linear effects on peatland 

carbon cycling. The scientific challenge is to identify molecular proxies that can be used to 

assess the oxidative decomposition of peat with changing climate. Thermally assisted 

hydrolysis and methylation (THM) in the presence of tetramethylammonium hydroxide 

(TMAH) (also known as TMAH thermochemolysis) offers one of the best prospects for the 

molecular characterisation of “bound” organic carbon (Corg) in mosses and higher plants as 

well as the peat that these plants eventually form. Litter produced by the peat-forming moss, 

Sphagnum, is the dominant input of Corg into bogs and some fens. It contains phenolics that 

act both as structural support components and as inhibitors of microbial decomposition 

(Verhoeven and Liefveld, 1997). Vascular plants associated with peatlands contribute lignin 

and polyphenols including tannins. Bryophytes do not synthesize lignin (Weng and Chapple, 

2010) and instead the bryophyte genus Sphagnum biosynthesizes other phenylpropanoids 

including trans-sphagnum acid (Rasmussen et al., 1995). Recently we proposed two new 

quantitative indices namely i) σ which is defined as the total amount of the “bound” 

sphagnum acid TMAH products normalised to 100 mg of TOC; and ii) SR% which gives a 

measure of the relative amounts of “bound” sphagnum acid to vascular plant phenols released 

during the TMAH thermochemolysis of peat moss and the surficial peat layers (Abbott et al., 

2013). These indices are based on I (methylated 4-isopropenylphenol (IUPAC name: 1-

methoxy-4-(prop-1-en-2-yl)benzene)), IIa/b (methylated cis/trans 3-(4'-hydroxyphen-1-

yl)but-2-enoic acid (IUPAC names: (E/Z)-methyl 3-(4-methoxyphenyl)but-2-enoate) and III 

(methylated 3-(4'-hydroxyphen-1-yl)but-3-enoic acid (IUPAC name: methyl 3-(4-

methoxyphenyl)but-3-enoate)) which have all been assigned as TMAH thermochemolysis 

products from “bound” sphagnum acid.  
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The changing distributions of these products as a function of distance from the water 

table (WT) were also observed during the THM in TMAH of peat cores from a Swedish 

peatland (Swain and Abbott, 2013). The increase of %σI relative to %σIIa/b and %σIII 

indicates that the mode of binding of sphagnum acid into the peat changes as a function of 

burial depth and hence position relative to the WT in both the hummocks and hollows of the 

bog plateau (Fig. 1). Down-core profiles for the bog margin, fen lag and swamp forest will be 

compared with those for the bog plateau with some attention given to the importance of 

seasonal fluctuations of the WT. This will highlight the sensitivity of Sphagnum surficial 

peats to climate-induced changes in water levels. 

Figure 1. Depth profiles of individual σ components relative to total  σ (%) with standard 
errors. 
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Recently, long chain alkyl diols such as C28 and C30 1,13-diols, 1,14-diols, 1,15-diols 

were proposed to be useful as proxy for paleotemperature of sea surface layer [1-2]. The diol 

paleothermometry has been established and examined by investigation for sediment and 

suspended particle samples in Atlantic Ocean. In this study, we analyzed long chain diols and 

the related alkenoates in surface sediments from the North Pacific to establish the core-top 

calibration of the diol proxy to temperature in the ocean and to examine the applicability and 

reliability of the diol paleothermometry. 

 We used 36 core-top sediments collected from the North Pacific (33 ODP and 3 

multiple core samples), and 33 surface sediments of Okhotsk Sea (Fig. 1). Annual mean sea 

surface temperatures (SSTs) in these sampling locations range 5°C to 29°C. In addition, we 

used a 450 m long ODP core U1337, which was collected from the eastern equatorial Pacific 

(Fig. 1) by the IODP Expeditions 320/321 (Pacific Equatorial Age Transect; PEAT). Freeze 

dried sediment samples were ultrasonically extracted, and the extracts were fractionated by 

silica gel chromatography. Polar fraction was silylated by BSTFA before analyses using 

GC/MS [3]. Long chain diol index (LDI) was calculated according to the equation [2] as 

follow: LDI = [C30 1,15-diol] / ([C28 1,13-diol] + [C30 1,13-diol] + [C30 1,15-diol]).  

  We identify saturated C28 and C30 1,13-diols, C28 and C30 1,14-diols, and C30 and C32 

1,15-diols in all North Pacific sediments. This indicates that diatom, especially Proboscia, 

and eustigmatophyte algae may be ubiquitous. The LDI values are linearly related to annual 

mean SSTs (r2=0.89). Core-top data for the LDI from Okhotsk Sea are fitted well into the 

core-top calibration from the North Pacific, although alkenone proxy (UK’
37) values do not 

correlate with water temperature in these core-top data. In addition, C27 and C29 12-hydroxy 

methyl alkenoates (12-OH m.a.) are detected in all samples, and we establish new index, 12-

hydroxy Methyl Alkenoate index (MA12), which is calculated by the equation as follow, 

MA12 = [C29 12-OH m.a.] / ([C27 12-OH m.a.] + [C29 12-OH m.a.]).  Linear correlation 

between the MA12 values and SSTs can be obtained in the core-top data from the North 

Pacific and Okhotsk Sea (r2=0.63). 
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 We applied the LDI to the Neogene sediments (23 – 0.23 Ma) in an ODP core U1337 

to further test the diol proxy. The LDI values were estimated to be 7-30 °C and 12-27 °C by 

using the calibrations of Rampen et al. [2] and this study, respectively. Several decreasing 

spikes of the diol-based temperatures in U1337 core are observed and correspond to the 

increasing peaks in the values of Diol index, which is a proxy of upwelling intensity [4]. 

These results suggest that the much lower diol-based temperatures were presumably attributed 

to intrusion of cooler deep waters into the sea surface layer by enhanced upwelling system. 

Variations in diol-based temperatures were quite different from those in alkenone-based 

temperatures in a U1337 core. Thus, the diol-based temperatures might reflect water 

temperatures in not only sea surface but also subsurface layers in upwelling region of the 

equatorial Pacific. Furthermore, the trends of variation in the diol-based temperatures were 

possibly concordant with that of the Neogene global paleoclimatic fluctuation. 

 

 

Figure 1.  Sampling locations of core-top sediments used in this work. 
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Some cyanobacterial genera have the capacity to assimilate atmospheric nitrogen (N2) 

and thus play a key role in the global nitrogen supply to a range of ecosystems. As the 

enzyme complex in charge of this fixation is extremely sensitive to oxygen, two 

cyanobacterial orders, namely Nostocales and Stigonematales, have developed specialized 

cells, termed heterocysts, that lack photosynthetic activity while offering an anoxic 

environment in which N2 is reduced and incorporated as NH+
4. The envelope of 

cyanobacterial heterocysts contains characteristic lipids termed heterocyst glycolipids (HGs). 

These lipids thus are excellent biomarkers for N2 fixing heterocystous cyanobacteria. 

The structural diversity of HGs (Fig. 1) is on the one hand controlled by taxonomy and 

on the other hand by environmental variables such as temperature (Bauersachs et al. 2009, 

Wörmer et al. 2012). The surprisingly high diversity observed in cultures and especially in 

environmental samples has demonstrated the taxonomic robustness of this biomarker and has 

been applied to support taxonomic characterization of the community of heterocystous 

cyanobacteria and to detect changes in the cyanobacterial consortia mediating N2 fixation 

(Wörmer et al. 2012).  

Here we present different examples of how HGs have been employed in our research 

to characterize modern and ancient ecosystems. Given the diagnostic link of HGs to 

heterocystous cyanobacteria, they may serve to localize these organisms in spatially 

structured ecosystems such as microbial mats. This is evidenced by our results from a study 

on laminated microbial sediments. These ecosystems are found along intertidal and supratidal 

beaches of the north-west coastline of the Netherlands, Germany and Denmark. They 

comprise distinctly colored layers whose microbial communities organize themselves in 

response to environmental conditions. Vertical gradients of light, oxygen or sulfur yield sharp 

niche boundaries for specialized microorganisms. Analysis of HG lipids revealed a 

surprisingly high abundance of heterocystous cyanobacteria in the deeper layers and the 

presence of hexose-hexacosanediol and hexose-keto-hexacosanol points towards diazotrophic 

cyanobacteria of the family Nostocaceae. The accumulation of HGs in the deeper layers is 
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probably related to limited presence of O2 facilitating N2 fixation through the oxygen-

sensitive nitrogenase. 

Heterocyst glycolipids may also serve to track presence of heterocystous 

cyanobacteria in the past by evaluating their occurrence in the sedimentary record. We present 

results from a high-resolution sampling of the sapropels 1, 3 and 5 from the Eastern 

Mediterranean Sea. Sapropels reflect increased density stratification in the Mediterranean 

basin and both high productivity and decreased degradation due to anoxic bottom waters are 

thought to have driven these organic rich depositions. Increased presence of HGs at the 

bottom of sapropel deposition may indicate that N2 supply by heterocystous cyanobacteria 

was especially important to fuel the high primary productivity in the onset of these episodes. 

The rather untypical HG profile, characterized by the abundance of hexose octacosanediol and 

hexose hexacosanediol, may provide ecological and taxonomical information about the N2 

fixing cyanobacterial community, which was possibly dominated by Nostocaceae. 

 

Figure 1. Structural diversity described for heterocyst glycolipids, including novel compounds 
identified in previous studies. Possible core lipids and head groups are shown 
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The measurement of the hydrogen isotopic composition (D/H) of lipids is common in 

organic geochemistry, and has widespread application in paleoclimate (Sachse et al., 2012), 

biogeochemistry (Li et al., 2009), and petroleum geochemistry (Schimmelmann et al., 2006). 

Lipids derive their hydrogen from environmental water, but their D/H ratio is mediated by 

isotopic fractionation between water and lipid. Recently, a biochemical mechanism has been 

proposed to account for this fractionation, suggesting that lipid D/H is controlled by the D/H 

of hydride transferred to lipid from intracellular NADPH (Zhang et al., 2009). This hypothesis 

is supported by the observation that in many bacterial strains, lipid D/H varies as a function of 

central carbon metabolism. The pathways of central carbon metabolism are responsible for 

most NADPH production, and therefore lipid D/H varies in concert with the carbon source 

(Zhang et al., 2009).   

Our laboratory is undertaking a set of experiments designed to test this hypothesis, by 

imposing strong deuterium depletion on intracellular NADPH while holding the carbon 

source invariant.  To accomplish this, we use engineered strains with a perturbed mechanism 

of NADPH production. Our model organism is Methylobacterium extorquens AM1, a 

bacterium that is capable of growth on C1 compounds such as methanol, during which its 

growth is limited by its supply of reducing power (i.e. NADPH; Strovas and Lidstrom, 2009). 

During growth on methanol, NADPH derives from methylene tetrahydromethanopterin 

dehydrogenase, an intermediate step of the H4MPT pathway that oxidizes formaldehyde to 

formate. We will measure the D/H ratio of lipid in this strain, which is expected to reflect this 

mode of NADPH production, and to show depletion relative to water similar to that observed 

in other organisms grown on C1 compounds.   

We plan to compare this D/H ratio to that of an engineered strain of Methylobacterium 

in which the H4MPT pathway has been inactivated and replaced by a non-orthologous 

glutathione-dependent pathway from Paracoccus denitrificans that produces NADH but not 

NADPH (Chou et al., 2011). Because carbon metabolism does not produce NADPH in this 
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strain, reducing power is severely limited. Instead of deriving from carbon metabolism, 

NADPH in this strain derives from transhydrogenation of NADP+ by the reaction 

NADP+ + NADH  NADPH + NAD+, 

a reaction that is catalysed by nucleotide transhydrogenase (encoded by pntAB). The isotope 

effect associated with transhydrogenases is extremely large (800‰ to 3500‰; Jackson et al., 

1999; Zhang et al., 2009), resulting in a low expected D/H ratio of the hydride transferred to 

lipid from NADPH. An observed severe depletion in lipids of the engineered strain will 

support the hypothesis of Zhang et al. (2009). We also plan to measure D/H depletion in a 

third, evolved engineered strain, in which a mutation has arisen in the promoter region of 

pntAB, upregulating expression of transhydrogenase (Chou et al., 2011).  

By comparing these strains, we aim to disconnect the mechanism of NADPH 

production from carbon metabolism, testing the hypothesis that the production mechanism of 

NADPH controls lipid D/H. By comparing multiple strains in which the production of 

NADPH via transhydrogenase is variably regulated we hope that we can glean additional 

information about the effect of intracellular NADPH residence time on lipid D/H.  
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Previous studies have shown that salinity is a major factor in controlling microbial 

abundance, diversity and composition in Lake Chaka, a shallow hypersaline (ca. 32.5 %) lake 

in northwest China (Jiang et al., 2007; Jiang et al., 2006). The combination of high elevation 

(3,214 m) and strong evaporation (2,264 mm) versus little precipitation (224 mm) makes it an 

extreme environment(Liu et al., 2004). We sampled two lake sediment cores, one is located in 

the connection of Mo River and Lake Chaka (with the depth of 70 cm), and the other is 

situated in the Lake Chaka (with the depth of 68 cm) in August 2011. The main objective of 

this research was to study distribution of glycerol dialkyl glycerol tetraethers (GDGTs) from 

two lake sediment cores and surrounding soils, along a salinity gradient.  

Large amount of Archaeol, diphytanyl glycerol diethers (DGDs) with 43 carbons 

produced by Archaea are present in all samples, while smaller amount of isoprenoid GDGTs 

from Archaea and branched GDGTs from Bacteria are detected in the sediments and soils. 

The relative abundance of GDGT-0 and crenarchaeol varies in different depths of these two 

sediment cores. Furthermore, we observed two different i/b ratios (relative abundance of 

iGDGTs versus bGDGTs) along the profiles of two sediment cores. The percentage of 

iGDGTs detected in the C sediment core (connection of Mo river and Lake Chaka) is about 

50 % at the top, more than 60 % in the middle, to 80 % at the bottom, while the percentage of 

iGDGTs in the I sediment core (located in Lake Chaka) is more than 80 % at the top, about 

70 % in the middle, to less than 60% at the bottom.  

Ternary diagram (Fig.1) based on the distribution of GDGT-0, crenarchaeol and sum 

of branched GDGTs from Lake Chaka sediments and surrounding soils is different from the 

ternary diagram of present environments, including open and coastal marine sediments, lake 

sediments and soils (Schouten et al., 2012). Hyper salinity may lead to the high abundance of 

GDGT-0 and low abundance of br-GDGTs, which is not typical in lacustrine environments.  
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Figure 1.  Ternary diagram of  the distribution of GDGT-0, crenarchaeol and sum of branched 
GDGTs from Lake Chaka sediments and surrounding soils 
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Sudden transient episodes of widespread black shale deposition during the Cretaceous 

exemplify the response of the Earth system to extreme climatic perturbations during 

greenhouse conditions. One of the most pronounced of these events is Oceanic Anoxic Event 

2 (OAE-2) across the Cenomanian-Turonian boundary (~93.5 Ma). The initiation of OAE-2 is 

linked to large igneous province volcanism, global warming, increased ocean stratification, 

and the onset of anoxia and euxinia (sulfidic conditions). The latter has been associated with 

major faunal turnover in marine plankton (Leckie et al., 2002) and disruptions of the carbon, 

nitrogen, sulfur, and phosphorus cycles on a global scale. A thermally stratified ocean with 

sluggish circulation might have resulted from a substantially reduced latitudinal geothermal 

gradient, as evidenced by temperature reconstructions based on the organic paleothermometer 

TEX86 (Sinninghe Damsté et al., 2010), which indicate that the mid-latitudinal Newfoundland 

Basin (~30N paleolatitude) experienced very warm SSTs (33-42C). However, these 

reconstructions are in opposition to earth system models for greenhouse conditions (Hollis et 

al., 2012), and it must be considered that the TEX86 proxy might be influenced by factors 

other than sea surface temperature (SST) in oxygen-depleted settings, yielding more elevated 

SSTs than in situ temperatures (Schouten et al., 2012). Therefore, it is reasonable to suspect 

that widespread anoxia across OAE-2 affected TEX86 reconstructions.  

Newly recovered cores from IODP Expedition 342 in the North Atlantic (Grand Banks 

east of Newfoundland; ~32N paleolatitude) provide an additional mid-latitudinal record of 

OAE-2 from a site with a well-constrained biostratigraphy and a pelagic depositional setting.  

The abundance and stable carbon isotope signatures of lipid biomarkers preserved in 

sediments from this area during OAE-2 reveal differences in organic matter source input, 

potential anoxia, and sediment provenance, as well as a change in microbial community 

structure during OAE-2 (van Bentum et al., 2012). The relationships among the establishment 

of oxygen-deficiency (suboxia, anoxia, and euxinia), changes in organic matter sources, and 
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TEX86-derived SSTs reveal important information about OAE-2. The isomerization ratio of 

steranes and hopanes indicate contrasting levels of thermal maturities in organic-rich and poor 

sediments. This likely records mixing of autochthonous (immature) and allochthonous (pre-

matured) organic matter sources. Immature intervals reflect well-preserved organic matter 

produced in situ in surface waters, whereas mature intervals are indicative of pre-matured 

organic matter deposited during periods of low production/preservation of organic matter 

from surface waters. Large variability in the TEX86 index occurs in tandem with changes in 

thermal maturity and the branched and isoprenoid tetraether (BIT) index, used as a proxy for 

soil-organic matter input (Hopmans et al., 2004). We discuss the role of organic matter 

preservation on the TEX86 proxy, and further assess the effects of water column stratification, 

anoxia, and euxinia on archaeal lipids distribution and elevated TEX86-derived SSTs across 

OAE-2. 
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The stable carbon (δ13C) and hydrogen (δD) isotopic compositions of a petroleum 

represent the end product of complex interactions between primary factors (e.g., type of 

source organic matter and biosynthesis), post-depositional and in-reservoir processes (e.g., 

thermal maturation, biodegradation and hydrogen exchange between oil and formation 

water). In this research, we use compound-specific δ13C and δD signatures of branched-, 

cyclic-, and n-alkanes, along with biomarker data, to better constrain oil-oil correlations and 

assess the effects of primary and in-reservoir processes in crude oils from the South Viking 

Graben (SVG; 15 samples) and  the Tampen Spur area in the North Viking Graben (NVG; 12 

samples),  Norwegian North Sea. The whole oils were analyzed by GC-FID and GC-IRMS. 

Furthermore, they were separated into saturated and aromatic fractions by MPLC, which 

were then analyzed by GC-MS-MS and GC-IRMS. 

The main source rock in the Viking Graben is the Upper Jurassic-Lower Cretaceous 

Draupne Formation. Other source rocks are the Upper Jurassic Heather Formation and the 

Middle Jurassic Hugin and Sleipner Formations [1]. Oils with similar maturity level in the 

SVG were grouped into four genetic oil populations (A-D). Oils of populations A and B were 

sourced from the Draupne Formation, i.e., a source rock containing predominantly marine 

organic matter deposited under highly reducing conditions. This is revealed by high values of 

the C30 sterane index and the regular steranes/17 (α)-hopanes and BNH/hopane ratios, along 

with low C30 moretane/hopane ratios and the lowest Pr/Ph ratios within the sample set. 

Population A oils have the lightest δ13C values among the samples and were likely generated 

from the type-II-kerogen-dominated upper Draupne Formation. In contrast, population B oils 

are more enriched in 13C and are correlated with the lower Draupne Formation. The δ13C 

values of branched-, cyclic-, and C4-C12 n-alkanes in population C oils are slightly heavier 

than corresponding values in oils of population B, but slightly lighter than those of population 

D; the δ13C values are comparable to values reported for extracts from the Heather Formation 

[2]. In addition, population C oils exhibit high values for the C29/C27 sterane and C30 

moretane/hopane ratios, indicating more terrestrial input (Pr/Ph>2), which is distinctive for 
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the Heather Formation. Population D oils showed the heaviest δ13C and a relatively higher 

abundance of C29 steranes, C30 moretane, and BNH. They are correlated with the coal-rich 

Hugin and Sleipner Formations.  

Oil samples from five oil fields, namely Gullfaks, Gullfaks Gamma, Gullfaks Sør, 

Gullfaks Vest, and Rimfaks, in the Tampen Spur area of the NVG have been included in this 

study. Oils within the Middle Jurassic Brent Group of the Gullfaks field have the same origin 

and similar maturity level but are variably biodegraded [3]. However, because biodegradation 

has not significantly affected the δ13C values of C11+ n-alkanes [3], we use the isotopic 

composition of such hydrocarbons to correlate oils. An increase in thermal maturity, from 

peak to late oil window, was observed southward in oils from the Gullfaks Gamma and 

Rimfaks fields. Here, decreasing BNH/hopane and increasing Pr/Ph and C30*/C29 Ts ratios 

are associated with an increasing thermal maturity.  

In contrast to the SVG, we were able to identify populations A and B only in the study 

area of the NVG. Population A oils, recognized in the Gullfaks Gamma and Gullfaks Vest 

fields, show the lightest δ13C values even though these oils in the Gullfaks Gamma field have 

the highest maturity levels. The δ13C values of individual hydrocarbons in these oils are 

similar to those of the population A oils in the SVG, suggesting they were also derived from 

the upper Draupne Formation. The accumulated oils in the Brent Group of the Gullfaks field 

show heavier δ13C values of long-chain n-alkanes and correlate well with population B oils in 

the SVG; nevertheless, the biomarker parameters suggest they were sourced only from a 

more marine kerogen of the Lower Draupne Fm. Some of the oils show δ13C values between 

the isotopic intervals defined for the upper and lower Draupne Formation; this could be 

interpreted as the result of oil mixing from different facies. The increasing maturity in oils 

with similar origin caused Δδ13C between 2.5 ‰ and 3.0 ‰ and ΔδD up to 35‰ for the 

branched-, cyclic- and n-alkanes. 
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Halahatang Depression is situated in the center of Tabei Uplift, Tarim Basin, NW 

China. The physical properties of petroleum fluids discovered here vary considerably, from 

heavy oil to gas and condensate. In this study, 12 oil samples were collected from Ordovician 

reservoir in the Halahatang Depression for geochemical analyses including oil-oil correlation, 

classification of oil population and determination of oil mix ratios to provide help for the 

further exploration in this area. 

Density of 12 oil samples varies considerably and ranges from 0.8057 to 0.9023 g/cm3. 

Besides, density of Xinken1 oil is not determined, which is solid and belongs to heavy even 

super heavy oil. 

Although density of oil samples varies considerably, based on the analyses of 

saturated hydrocarbon gas chromatography (GC), saturated and aromatic hydrocarbon gas 

chromatography-mass spectrometry (GC/MS) and stable carbon isotope composition, all the 

samples possess similar chemical composition and source rocks organic facies. The majority 

of the oils are light oils, with low content of sulfur and moderate content of wax, and high 

content of saturated hydrocarbon. The saturated fraction gas chromatography distributions 

show a smooth C10-C36 n-alkane profile centered around C14-C16, CPI ranges from 0.98 to 

1.09, OEP ranges from 0.97 to 1.02 and Pr/Ph ratios are around 1.00. All the samples appear 

to have a very similar tricyclic terpanes and hopanes distribution dominated by tricyclic 

terpanes, with C21/C23 tricylic terpane ratio ranging from 0.48 to 0.61, C29/C30 hopane ratios 

ranging from 0.83 to 1.31, gammacerane/C30 hopane ratios ranging from 0.23 to 0.82 and 

Ts/(Ts+Tm) ranging from 0.38 to 0.78. The sterane biomarkers distributions are nearly 

consistent, dominated by pregnane, besides the distributions of C27ααα (20R):C28ααα 

(20R):C29ααα (20R) regular steranes show a nearly symmetric “V” type and sterane ternary 

diagram show all the oils plot in close proximity. In addition, Fluorine (F)-dibenzofurans 

(OF)-dibenzothiophene (SF) ternary diagram shows that all the oils plot in close proximity 

too, with high content of SF. The stable carbon isotope compositions of all the oils are very 
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similar, with variations of the δ13C values less than 2‰. According to these, all the oils can be 

classified into one population. 

As mentioned above, the density of oil samples which are classified into one oil 

population varies considerably. This can be related to the regional caprock thickness and 

preservation conditions. In the north of the Upper Ordovician Lianglitage and Sangtamu 

Formation pinchout lines, oil samples are characterized by high density (≥ 0.8971 g/cm3) 

classifying the oil as medium oil and at least heavy oil, due to decrease of the regional 

caprock thickness and downgrade of the preservation. In contrast, as a result of increase of the 

caprock thickness and better preservation, density of oil samples in the south of the pinchout 

lines ranges from 0.8057 to 0.8719 g/cm3, classifying the oils as light-medium oils. 

The co-existence of a full suite of n-alkanes and acyclic isoprenoids with UCM and 

25-norhopanes in the crude oils indicates mixing of biodegraded oil with fresher non-

biodegraded oil in the Ordovician reservoir. Moreover, according to the conversion diagram 

of double filling ratios for subsurface mixed crude oils (Wang et al., 2004), biodegraded/non-

biodegraded oil ratios are determined and ranges from 58/42 to 4/96.  
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Crude oil characterisation and molecular analysis is carried out using a number of 

geochemical methods. These analyses are a common practice for oil correlations and the 

identification of their source rocks. Oil correlations based only on paraffin components can be 

problematic. This was the case in a number of exploration wells in the South Chinese Sea, 

Vietnam. The Dragon field, for example, produced light oil from 3931–4206 m depth interval, 

but heavier oil deeper, at 4720 m. Another example is the Big Bear field, where testing produced 

heavier oil, compared to an initial testing conducted a week earlier from the same depth interval. 

This highlights the importance of understanding the change in phase behaviour of petroleum 

downdip and upon production. 

To investigate the effect of phase changes on the molecular composition and on common 

biomarker ratios routinely used in oil correlation studies, hydrocarbon fluids from a new well in 

the White Tiger oil field were analysed. The first oil sample taken at the well head (sample 

H003top) showed a high content of light fractions and low oil density (0.80 g/cm3). The second 

oil sample taken six months later from the bottom of the well (sample H003bottom) was slightly 

denser (0.83 g/cm3). 

 Gas Chromatography (GC)-Fingerprinting showed that the two samples are identical and 

similar to oil in an offset well. Detailed GC and GC-MS analysis of saturated and aromatic 

hydrocarbon fractions, including terpane and sterane compounds (Table 1), however, revealed 

two groups of geochemical parameters. The first group (parameters numbered 1 to 5 in Table 1) 

is almost identical for both oil samples. This indicates that both oil samples were generated from 

source rock(s) deposited in a similar depositional environment and have identical thermal 

maturity, as is also suggested by very similar C27-C28-C29 sterane distributions, indicative of a 

common organic origin. The second group of geochemical parameters is different for the two oils, 

where the top sample is more enriched in lighter components (parameters 6, 7 and 8), has 

different isomeric structures (parameters 9 and 10) and a lower content of methyl-substitution 
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compounds (parameters 11, 12 and 13). The two samples have different proportions of the 

normal C7, mono-methyl, and poly-branched alkanes, reflecting different transformation 

pathways (parameters numbered 14 to 16 in Table 1). 

 Variations in the geochemical parameters for the two oils sampled at different depths and 

times are interpreted here to reflect phase changes of fluids, where oil becomes gravimetrically 

heavier downhole in a single oil column. PVT analysis of the bottom oil sample showed that gas 

saturation pressure of oil was approximately close to the reservoir pressure. Although molecular 

differences due to depth variations is a possibility, fluctuations due to different sampling dates 

(six months apart) cannot be ruled out. Results presented here emphasise that geochemical data 

acquired from initial drill-stem testing or production testing might not represent the average 

composition of the oil pool. 

Table 1. Geochemical parameters for two oil samples from a new well in White Tiger oil field 
 

No. Parameter 
Oil samples 

H003bottom H003top 
1 Pr/Ph 2.0 2.1 
2 Pr/nC17 0.44 0.44 
3 MPI-1 = 1.5*(2-MP+3-MP)/(P+1-MP+9-MP)  0.96 0.97 
4 Calculated %Ro = 0.6 *(MPI-1) + 0.4 0.93 0.94 
5 Ts/(Ts+Tm) 0.58 0.58 
6 C17/(C17+C27)*100  54.96 62.40 
7 C23 Tricyclic terpane/C30 Hopane  358.04 412.24 
8 Oleanane/С30 Hopane 8.62 9.02 
9 2,3,6-TMN/(1,4,6-TMN+1,3,5-TMN) 0.26 0.32 
10 DNR = (2,6- + 2,7-DMN)/1,5-DMN 1.24 1.16 
11 MDR-1 = 1-MDBT/DBT 0.20 0.26 
12 MDR-2,3 = (2- plus 3-MDBT)/DBT 0.91 1.16 
13 C30 4-methylsterane, % of C29 R (m/z 217) 25.48 29.85 
14 Normal C7, % relative 32 64 
15 Mono-methyl C7, % relative 50 28 
16 Poly-branched C7, % relative 17 9 

Key: MP = methylphenanthrene; DMN = dimetylnaphthalene; TMN = trimetylnaphthalene; DBT = 
dibenzothiophene; MDBT = methyldibenzothiophene 
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Compositions of acyclic (normal and branched) homologues are currently most well 

studied among oil alkanes.  As for alkanes of cyclic structure (naphthenes), the compositions 

of their low-molecular homologues and biological markers – tricyclanes (cheilanthanes), 

steranes and triterpanes have been studied in detail. But their portion, identified in the total 

fraction of saturated alkanes with gas chromatography and mass-spectrometry methods, is 

rather small and amounts to about 10 %.  Besides, structures of naphthenes and hybrid 

naphthene-aromatic hydrocarbons have similar compositions and types of ring joints [1, 2], 

that is of interest to form a present-day image of oils. In the present work a complex study 

was carried out on alkane compositions of cyclic structure (naphthenes) in oils of different 

age deposits.  

The oils from different oil-and-gas bearing basins and occurring in Cainozoic (10 

samples), Mesozoic (6 samples) and Paleozoic (7 samples) deposits were used as the objects 

under study.   

A fraction of saturated hydrocarbons was isolated from the oil mixture by liquid-

adsorption chromatography. Naphthenes were isolated via carbamide complexing with normal 

paraffin hydrocarbons. Composition of naphthenes was determined using mass-spectrometry 

method.   

Naphthenes in oils are represented by the compounds having from one to five cycles 

in a molecule. The content of naphthenes in Cainozoic oils varies from 33.6 to 47.2 % by 

weight. Group composition of naphthenes in oil from Cainozoic deposits has a similar 

character. On concentrations they are arranged as follows: mono- > bi- > tri- > tetra- > 

pentacyclanes. The content of monocyclanes is 2–4 times higher than that of bicyclanes. Only 

one oil sample, where the concentrations of tetra- and pentacyclanes were 2.5 and 1.9 % wt., 

respectively, was an exception.  In the rest of Cainozoic oils concentrations of tetracyclanes 

and pentacyclanes do not exceed 1 % wt. and 0.4 % wt., respectively.   

The investigated oils from Mesozoic deposits refer to Jurassic and Cretaceous periods 

of geochronological scale. The content of naphthenes ranges from 24 to 53 % wt. On average, 

the content of naphthenes in the oils from Cretaceous deposits is higher than that from 
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Jurassic ones. The oils from Mesozoic deposits are characterized by decreased total number of 

naphthenes with increasing the depth of oil occurrence. Number of mono- and bicyclanes is 

more than 2 times higher than that of tri-, tetra- and pentacyclanes. Among Mesozoic oil as 

well as among Cainozoic ones there is an oil sample, in which the concentrations of tetra- and 

pentacyclanes are higher (4.2 and 1.3 % wt., respectively) as compared with the 

concentrations of the same compounds in the rest Mesozoic oils (no more than 2.9 % wt. of 

tetracyclanes and 0.89 % wt. of pentacyclanes). It may be the result of introduction of surface 

organics at a stage of organic matter formation in this oil.  

Total content of naphthenes in Paleozoic oils varies 28 to 38 % wt., which is less than 

naphthene content in Cainozoic and Masozoic oils. Group compositions of naphthenes of 

major oils from Paleozoic deposits have similar character and on concentrations they are 

ranged as follows: monocyclanes > bicyclanes > tricyclanes > tetracyclanes > pentacyclanes. 

The same feature, which was observed for two oils from Cainozoic and Mesozoic deposits, 

was observed in the composition of naphthenes in one of the oils from Paleozoic deposits, 

where in contrast to rest of oils the concentrations of tetra- and pentacyclic alkanes were 

increased.   

Thus, group compositions of the saturated cyclic hydrocarbons in oils from deposits of 

different ages have similar pattern, where concentrations of naphthenes are ranged as follows: 

monocyclanes > bicyclanes > tricyclanes > tetracyclanes > pentacyclanes. Regardless of age 

of oil-enclosing deposits in the compositions of naphthenes in some oils one revealed 

increased concentrations of tetra- and pentacyclanes. It was caused by the presence of ground 

vegetation residues in the initial organic matter of the oils. Total content of naphthenes 

decreases in oils from Cainozoic to Paleozoic deposits.   
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The central offshore Brunei area is located between the two major Baram and 

Champion Deltas that have continually contributed sediment through the evolution of the 

margin since the Oligocene. There have been three major phases of tectonic movement, 

development of a foreland basin followed by subsequent periods of reactivation and inversion. 

Reactivation phases with maximum horizontal stress at varying orientations has resulted in a 

high frequency of faulting and complex structural fabrics that present challenge to operators 

looking to predict the phase and properties of restricted or stranded pools of hydrocarbon. On 

the NW Borneo palaeo-shelf, laterally accreted tidally-influenced delta shoreface reservoir 

sands are numerous and thin (3-10m thick). The dynamic nature of the geological setting has 

resulted in shallow oil accumulations (up to 1000m tvdss) that are commonly biodegreaded, 

sometimes associated with very dry gas caps, overlying mixed-hybrid oils, often with 

associated gas caps, in turn overlying wet gas at depths beyond the realm of biodegradation 

(2000+ m tvdss). A high degree of reservoir fluid saturation reflects the rapid burial of the 

margin and the primary source rock distribution (as both dispersed OM and SOM in 

condensed mangrove habitats and offshore claystones respectively), as well as influence of 

secondary processes like gas washing, multiple re-migration and biodegradation. 

Within a given faulted anticline field-complex in the central offshore area, the API 

gravity typically ranges from 18 to 38° API for produced oil reservoirs without the 

contribution of gas cap condensate. The main accumulation in the southwest of this structure 

is characterised by a heavy biodegraded oil, with hybrid oil stranded in fault blocks at depth. 

On the northern margin of the structure, where Calcium Naphthenate wellbore deposits are 

observed, fault orientation is at angles conducive to later reactivation resulting in hybrid oils 

at shallow depths, 35 API common at reservoir temperatures in the vicinity of 60C. 

Combined with whole oil GC analysis these data demonstrate the inherent young age and 

dynamic history of the petroleum system. 
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There are three main reservoir systems in Kuwait consisting of Jurassic System 

Reservoir (JSR), Cretaceous System Reservoir (CSR), and Tertiary System Reservoir (TSR). 

Hydrocarbon characteristics within Kuwait’s reservoirs vary widely because of long-term 

geological processes including thermal alteration, deasphalting, biodegradation and water 

washing which alter the original hydrocarbons inherited from the source rocks. A 

Compositional variation of each reservoir system has been characterized using the classical 

and the latest sophisticated geochemical techniques (High Resolution Geochemical 

Technologies). Each technique or their combination shows specific patterns and clusters of 

the reservoir signature derived from selected biomarker ratios, carbon isotope ratios, ratios 

and values from quantitative diamondoid analysis (QDA) and quantitative extended 

diamondoid analysis (QEDA), and compound specific isotope analysis (CSIA).  

The signatures of each reservoir system in Kuwait have been discriminated using each 

of the least expensive to most expensive geochemical methods to define their genetic 

relationship. Isoprenoid alkanes, from gas chromatograms, are considered resistant 

compounds and preserve their signatures even in the biodegraded oil from the Tertiary 

System (Figure 1).  However, if the separation does not work using the simplest method (gas 

chromatogram) then more sophisticated methods like gas chromatography-mass spectrometry 

(GC/MS) and others will be used.  

Based on that experience, the existing geochemical dataset (as reference) was 

integrated with geological and engineering data, and applied to various studies in exploration 

and development. Reservoir compartmentalization of JSR (Marrat and Najmah) has been 

established using the classical gas chromatography (isoprenoid-alkanes ratios) combined with 

statistical multivariate algorithms (hierarchical cluster analysis). Even with the limited 

geochemical data available, the Marrat reservoir in three fields Sabriyah, Raudhatain, and 

north-west Raudhatain (NWRA) can be divided into two major compartments. The presence 

of major sealing faults act as barriers for fluid flow.  

Several recent studies continued to the younger reservoir systems in the Cretaceous 

and Tertiary. For more reliable interpretation, new data from Cretaceous and Jurassic 

reservoirs was added. Coupling classical and sophisticated new geochemical techniques have 
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been applied to problem solving for reservoir management issues within the Marrat reservoirs 

of the Burgan and Magwa fields.  

This success has had a great impact showing how a geochemical model can play an 

important role in exploration, production, and development. Further a better understanding of 

oilfield fluid’s spatial distribution and variations is gained thus optimizing management and 

placement of development wells. In conclusion reservoir geochemistry is believed to be a 

cost-effective reservoir management tool to be applied to all Kuwait’s reservoirs. 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scatter Diagram of Ph/n-C18 vs Pr/n-C17 within Reservoir Systems in Kuwait 
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Glycerol dialkyl glycerol tetraethers (GDGTs) are membrane lipids of archaea and 

eubacteria, which are found ubiquitously in the environment. These compounds are used as 

chemotaxonomic and palaeoenvironmental indicators, including applications for the 

reconstruction of environmental temperature, pH and sources of organic matter in aquatic 

systems. 

In this study, we analysed GDGTs and other lipid biomarkers in the water column, 

sediments and catchment soils of Lake Rotsee (Switzerland) to determine the sources of 

GDGTs and to understand the processes and organisms involved in methane cycling in the 

lake. 

Based on the distribution of brGDGTs in soils surrounding the lake, deciduous 

tree/fern/shrub and reed/grassland covered soils could be distinguished. Our data indicate that 

brGDGTs in Rotsee sediments are primarily derived from the surrounding soils, but in situ 

production in the water column and/or sediment is also taking place. Similarly, crenarchaeol 

in the sediment also seems to have a mixed soil and water column origin. 

The aquatic production of GDGTs may complicate the application of GDGT based 

indices (i.e. BIT, GDGT-0/crenarchaeol ratio, MBT/CBT) in the lake. In Lake Rotsee, the 

BIT index could not be applied because both the brGDGTs and crenarchaeol had mixed 

aquatic and soil origin. Application of the MBT/CBT-ratios to the lake’s sediments and 

catchments soils translated to a wide range of reconstructed MAAT values. This may be 

related to the influence of environmental factors other than temperature and pH. In contrast, 

CBT derived soil pH values were similar in the soils, water column and sediment and the 

estimates agreed well with instrumental pH values. 
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In the sediments, we found high GDGT-0/crenarchaeol ratios, indicating a 

predominantly methanogenic origin of isoprenoidal GDGTs, which is supported by the δ13C 

values of the isoprenoid alkyl chains (ca. -35 to -30‰) and microbial data. An increase in 

GDGT-0 in sediment layers deposited in the early 1920s indicates a maximum of 

methanogenic biomass and thus a peak in CH4 production. Excess methanogenesis most 

probably led to CH4 liberation into the water column and aerobic methane oxidation (MOx) as 

indicated by a higher concentration of MOx biomarkers diploptene and 17β-21β-

homohopanoic acid with δ13C-values as low as -60 and -64‰, respectively. Substantial 

amounts of the C16:1ω8 fatty acid (FA) indicates that the MOx community was dominated by 

Type I MOB. Incorporation of CH4-derived carbon into microbial biomass was indicated by 
13C-depleted FAs with δ13C values as low as -53‰ (10-methyl-C16:0, C16:1ω7, C16:1ω5, C18:1ω7, 

C18:1ω5 FA). In addition, CH4-derived carbon could also be traced into the biomass of 

photosynthetic organisms. This indicates significant CH4 turnover in the water column and 

thus a 12C-enrichment in the water column DIC/CO2 pool, which was subsequently fixed by 

primary producers. 
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The marine nitrogen cycle is a complex biogeochemical cycle in which redox 

reactions convert the most oxidised nitrogen species nitrate (NO3
-), into the most reduced one 

ammonium (NH4
+), and vice versa. Many of these reactions are performed by microorganisms 

as part of their respective metabolisms and contribute to the accumulation or to the loss of 

fixed nitrogen in the ocean. Nitrogen is often a limiting element for marine primary 

production and has a significant influence on cycles of other elements (Wright et al., 2012). In 

the last decade our understanding of the marine nitrogen cycle has improved considerably 

thanks to the discovery of two novel groups of microorganisms: ammonia-oxidizing archaea 

(AOA) and anaerobic ammonia-oxidizing (anammox) bacteria. Both groups are important in 

oxygen minimum zones (OMZs, subsurface oceanic zones reaching unusually low oxygen 

concentrations, i.e. [O2] < 20 µM, reaching 1 µM in the core), where they substantially affect 

the marine N-budget. The two groups of organisms are also well known for producing 

specific membrane lipids (i.e. crenarchaeol and ladderanes with attached polar head groups), 

which can be used as biomarkers to recognize and quantify the presence of living cells of the 

two microbial groups in the environment (e.g. Pitcher et al., 2011). In this study we 

investigated the occurrence and depth distribution of AOA and anammox in the Eastern 

Tropical North Pacific (ETNP) oxygen minimum zone, one of the thickest and deepest OMZs 

near the equator. During the ETNP cruise (March-April 2012) suspended particulate matter 

(SPM) samples were collected at different depths of the water column at high resolution. The 

samples were analyzed for AOA- and anammox-specific intact polar lipids (IPLs) and core 

lipids using high performance liquid chromatography/MS2 methods previously developed 

(Pitcher et al., 2011).  

Our results indicate the co-existence of AOA and anammox bacteria in some parts of 

the water column of the ETNP. The high resolution depth profiles of hexose-phosphohexose 

(HPH)-crenarchaeol, synthesised by AOA, and phosphocholine (PC)-monoether ladderane, 

synthesized by anammox bacteria, show that at declining oxygen levels in the shallow water 
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column (i.e. ~40 m) HPH increases significantly (Fig. 1). This is consistent with the fact that 

AOA are nitrifiers that can cope with relatively low levels of oxygen. Highest levels of the 

ladderane lipid were detected deeper in the water column (i.e. ~150 m) at the lowest oxygen 

levels, however lower concentrations were also detected at shallower water masses (Fig. 1). 

This distribution of the two organisms suggests the potential for an interaction between the 

two microbial groups, i.e. nitrite produced by AOA could be used by anammox bacteria for 

the complete oxidation of ammonium by the anammox bacteria. 

 

 

Figure 1. Depth profiles of concentrations of (a, d) oxygen; (b, e) hexose-phosphohexose 
(HPH)-crenarchaeol; and (c, f) phosphocholine (PC)-monoether ladderane, in the water 
column of the ETNP (combined sub-station data). Upper three panels (a-c) provide an 
overview of the complete water column (2000 m); lower three panels (d-f) provide an 
expanded view in the upper 250 m. Panel b) and c) show respectively HPH-crenarchaeol and 
PC-monoether ladderane structures. 
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In the modern ocean, oxygen minimum zones (OMZs) account for ~8% of the total 

oceanic area [1]. The Eastern Tropical North Pacific Ocean (ETNP) off Mexico and Central 

America hosts one of the largest OMZs in the open ocean, characterized by dissolved oxygen 

concentrations of less than 20 µM at depths between ~100 and ~800 m [1]. As oxygen 

concentrations decline, organisms that are unable to survive under oxygen limitation wane. 

OMZs are therefore good targets for studying the marine biogeochemistry and, in particular, 

the microbial communities of low-O2 environments [2].  

Intact polar membrane lipids (IPLs) as biomarker for living biomass have been 

established as a tool in microbial ecology and have already successfully been used in a variety 

of ecosystems [e.g., 3, 4]. Different from their intact analogues, core lipids that remain after 

loss of polar head groups persist over tens of millions of years in sediments [5] and can be 

used as fossil biomarkers of their source organisms. In this study, we report on distributions 

of eukaryotic, bacterial and archaeal IPLs, and for the first time unravel the complexity of 

intact and core glycerol ether lipids throughout the water column of the ETNP.  

IPLs were dominated by eukaryotic and bacterial IPLs (Fig. 1A). Glycolipids which 

are mainly derived from photosynthetic membranes were dominant in the euphotic zone 

(0~50 m, 200 µM > O2 > 20 µM) (Fig. 1B). With increasing depth, phospholipids and betaine 

lipids (BL) became dominant components in the OMZ (50~800 m; 20 µM > O2) and deep 

oxycline layers (≥ 800 m) (Fig. 1B). Intact polar isoprenoid glycerol dialkyl glycerol 

tetraethers (IP GDGTs, e.g., 1Gly and 2Gly-GDGT), the biomarker for viable Archaea, were 

detected after purification of the total lipid extract (TLE) using preparative HPLC (Fig. 1C). 

Archaeal IP GDGTs peaked in the upper layers of the OMZ, while most glycerol ether core 

lipids (e.g., isoprenoid core GDGTs, Fig. 1D) had maxima in deeper depths of the OMZ. 
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Therefore, it is suggested that IP GDGTs represented an in-situ contribution from the 

planktonic archaeal community whereas core lipids were exported downward and 

accumulated in the mid OMZ with a longer residence time. Our data will provide a better 

understanding of the potential origins and biological precursors of these lipids in suboxic 

oceanic settings. 

 

 

Figure.1. Depth profiles of A) IPL concentration; B) Relative abundance of IPLs; C) 1Gly- 
and 2Gly-GDGT; D) ratios of IP GDGTs versus IP GDGTs and isoprenoid core GDGTs at 
station 8 (9°N, 90°W; distance to shore is around 480 km) in the water column of the ETNP, 
respectively. Grey bars refer to the OMZ. 
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In this study, the composition of solid phase extracted dissolved organic matter 

(DOM) from Lake Superior, Earth’s largest freshwater lake by area, was investigated using 

negative-ion electrospray Fourier transform ion cyclotron resonance mass spectrometry (ESI 

FT-ICR MS). Results are compared with isotopic analyses, dissolved organic carbon (DOC) 

concentrations, and UV-Visible analyses of bulk DOM samples. DOC results and Uv-visible 

spectrometry parameters (E2/E3, SUVA 254 and spectral slope) indicate that Lake Superior 

offshore water is very clear; its DOM is low in aromacity, with primarily non-humic, 

hydrophilic and low molecular weight materials. Stable-carbon and radiocarbon signatures 

reveal a possible overlap of allochthonous and terrestrial sources and the primarily modern 

(post-bomb) nature of Lake Superior DOM. With the FT-ICR MS technique, individual 

molecules within the samples are detected and their elemental compositions are determined. 

Molecular-level changes in samples from different sites (nearshore and offshore) as a function 

of season (the mixed water-column of spring and the stratified water column of summer) and 

depth (surface vs hypolimneon) are studied.  

We observe a unique set of m/z values (range 300-400 and 600-700), consistent with 

an aliphatic lipid and protein signature, in Lake Superior summer both surface and deep water 

DOM. These values are most likely to be autochthonous, freshly-generated material. 

Comparison of spring and summer DOM based on assigned formulas from FT-ICR-MS data 

indicates that spring samples have higher H deficiency (more rings or higher degree of 

unsaturation) and contain more heteroatom compounds relative to summer DOM which is 

relatively more aliphatic in nature. The proportions of S-containing compounds are also found 

higher in summer samples, especially at surface. Combining radiocarbon signatures with 

cluster analysis,  principle component analysis, and van Krevelen diagrams of FT-ICR-MS 

data allows us to compare features in summer vs spring DOM. Bulk DOM radiocarbon values 

show that summer DOM is younger than spring DOM, consistent with a major source being 
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from that year’s in-lake productivity. Van Krevelen diagrams based on the analysis of PCA 

loadings show that extracted summer DOM has a higher degree of saturation and lower 

degree of oxidation, with lipid-like and protein-like material being the main components. 

Extracted spring DOM has a higher degree of condensation and a higher proportion of lignin 

and condensed hydrocarbon.  

DOM samples from the surface and hypolimneon are also compared at all sites. 

Compounds (m/z) found at both depths are hypothesized to indicate the common molecular 

properties of refractory materials. Unique compounds from surface and hypolimnion waters at 

each site may represent, respectively, newly-introduced compounds and reworked/ diagenetic 

products within water column.  Molecular-level signatures of the common and unique groups 

of compounds vary with site location, indicating a complex balance of abiotic and biotic 

processes affecting the composition and transformation of DOM in Lake Superior. 
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Our previous study (Yoshiyama et al. 2003; Takahashi et al. 2007: presented at IMOG 

23 in Torquay) revealed that the high molecular weight dissolved organic matter (HMW-

DOM) in lake water can be successfully separated by using a tangential flow ultrafiltration 

apparatus (TFF: Millipore Ltd. Pellicon Lab Cassette equipped with a PLAC filter of nominal 

molecular cut-off of 1 k Dalton). Finally the HMW-DOM was lyophilized to give puffy 

powder. Following chemical analysis of the HMW-DOM powder demonstrated that the most 

characteristic molecular component was C29 stigmasterol, being the major sterol in summer 

seasons but decreasing considerably in winter. Relatively heavier carbon and lighter hydrogen 

isotope ratios of the stigmasterol in summer suggested that the stigmasterol might be 

produced by aquatic organisms, as had been reviewed by Volkman (2003). However, every 

HMW-DOM so far isolated from some fresh and brackish water lake contained stigmasterol 

as the major sterol. Considering that the lake surface sediments usually contain many types of 

sterols, such as C27 cholesterol, 24-methyl, 24-ethylsterols and so-on in variable composition, 

it is curious that only stigmasterol is highly variable in HMW-DOM.    

Based on these findings, in parallel with the TFF examination, we analyzed “total” 

(GF filtered) and “ultrafiltered” sterols at several times a year in a mesotrphic lake (Lake 

Kizaki, Nagano Prefecture, Japan). The “total” dissolved sterols were determined by refluxing 

the GF/F filtered lake water with potassium hydroxide followed by solvent extraction.  The 

“ultrafiltered” sterols were determined in the retentate, when the filtered lake water was 

ultrafiltered by a conventional stirring apparatus. 

Stigmasterol was certainly dominant (47% on average) in the HMW-DOM and tended 

to decrease from summer to winter. Though cholesterol was dominant (66% on average) and 

stigmasterol is about 18% on average in the “total” DOM, stigmasterol evidently decreased 

from summer to winter. Furthermore, stigmasterol was concentrated in the “ultrafiltered” 

fraction. About 70% of stigmasterol was retained by conventional ultrafiltration, when the 

lake water was condensed to 1/10. Both experiments showed that stigmasterol is actually 

associated with HMW-DOM. 
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The reason why stigmasterol is concentrated in HMW-DOM is not known. In addition, 

we do not have identified the source organism(s). However, the carbon and hydrogen isotope 

ratio analyses of individual sterols showed that stigmasterol in summer seasons obviously 

originates from aquatic algal sources. It is contrast to another C29 sterol, -sitosterol, the 

isotope ratios of which fell within the narrow region of land plants.  

 

 

Figure 1. Sterol concentrations and composition in “total” DOM (2011) 
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Seasonal and depth variations in the flux of branched glycerol dialkyl glycerol tetraethers 

(br-GDGTs; Sinninghe Damsté et al., 2000) in sinking particles were examined using a 21-

month time-series sediment trap experiment at a mooring station WCT-2 (39°N, 147°E) in the 

mid-latitude NW Pacific from November 1997 to August 1999. The aim of the study was to 

understand the source and sinking process of br-GDGTs in the water column. In the shallow 

trap, the sinking flux of br-GDGT showed maxima in February 1999. The maximal peaks of 

br-GDGT sinking flux corresponded to the peaks of the sinking flux of lithogenic material. 

Br-GDGT concentrations in the sinking particles at three different depths (~1300–4800 m) 

varied synchronously, implying rapid vertical transport of br-GDGTs to deeper water below 

~1300 m. The methylation degree of branched GDGTs (MBT) ranged from 0.08 to 0.33. 

Most samples have the values between 0.2 and 0.3 and unchanged throughout the sampling 

period, corresponding to that typical in the soils in cooler regions (Weijers et al., 2007). The 

annual average sinking flux of the br-GDGTs decreased with increasing depth. The season of 

maximum sinking flux of br-GDGTs is winter. This is contrast to the isoprenoid GDGTs that 

showed a maximum in spring to autumn (Yamamoto et al., 2012). This suggests that br-

GDGTs are transported to the study site via the atmosphere from Asian continent by 

intensified westerlies in winter and sank rapidly with aeolian dusts.  
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Long chain alkyl diols (LCD) are lipid compounds that have been reported in a wide 

range of environments. Recently, Rampen et al. (2012) proposed the Long Chain Diol index 

(LDI) as a novel paleotemperature proxy in marine sediment, based on the C30 1,15‐diol 

abundance relative to C28 1,13‐, and C30 1,13‐, 1,15‐diols. The diversity of LCD producers, 

their preferred niche in the water column, and seasonality is still uncertain and constraining 

these factors is essential to improve the LDI proxy. C28 and C30 1,13-diols and C30 and C32 

1,15-diols have been reported mainly in freshwater eustigmatophyte algae (e.g. Volkman et 

al., 1999), and may thus be a major source of LCD in freshwater systems. Interestingly, LCD 

have been reported in many lakes although eustigmatophyte algae have not been positively 

identified by microscopic observations due to their small size. An alternative detection 

approach was previously proposed based on 18S rRNA gene sequencing which evidenced the 

presence of eustigmatophytes closely related to the Nannochloropsis genus in Lake 

Tanganyika (eastern Equatorial Africa) (De Wever, 2006).  

In this study, we have developed an 18S rRNA gene-based approach for the specific 

detection and quantification of members of the Eustigmatophyceae algal group and compared 

the obtained data to the LCD composition in the water column of the permanently stratified 

Lake Challa (East Africa). Analysis of the general 18S rRNA gene diversity in suspended 

particulate matter (SPM) up to 20 m water depth recovered in February 2010 revealed the 

presence of sequences affiliated the Chrysophyceae (Ochromonas), Synurophyceae 

(Mallomonas) and Bacillariophyceae (diatoms, Synedra) algal groups. Eustigmatophyceae 

specific 18S rRNA gene clone libraries revealed the presence of Nannochloropsis, Vischeria 

and Pseudostaurastrum genera. Quantitative PCR using the specific Eustigmatophyceae 

primers indicated a maximum abundance of this group at 9 m depth of the SPM (Fig. 1A). 

Lipid analysis revealed the presence of C28, C30, and C32 1,13-, 1,14-, 1,15-, and 1,16-diols in 

the SPM. In addition, we determined the LCD composition and abundance in a sediment trap 
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material placed at 35 m water depth in the centre of the lake from winter to summer 2010. 

The maximum accumulation of LCDs was detected in March 2010 with C30 1,15-diol, known 

to be present in Eustigmatophyceae, as the most abundant LCD (Figure 1B).  

This study has demonstrated the advantage of complementing a lipid-based analysis 

with a specific genetic approach to assess the abundance and preferred niche of potential LCD 

producers in environmental samples. It has also provided important clues of the presence of 

other algal groups, apart from Eustigmatophyceae, that might be contributing to the LCD pool 

in lacustrine systems. Future studies will focus on estimating the seasonal algal diversity to 

determine if different algal sources contribute to the detected LCD pool, and also to develop a 

assay based on the detection of candidate genes involved in the LCD biosynthetic pathway.  
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Figure 1.(A) Quantification of eustigmatophyceae 18S rRNA gene sequences in Lake Challa 
SPM (Feb 2010) and distribution of sequences in clone libraries at 9 and 19 m depth. (B) 
Quantification of long chain diols in a sediment trap at 35 m depth from February to August 
2010. 
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Oxygen minimum zones (OMZs) support diverse microbial communities that mediate 

biogeochemical cycles and global climate (Wright, 2012). OMZs have expanded over the past 

five decades and will continue to expand in response to ocean warming, lower O2 solubility, 

and decreased ventilation (Wright, 2012). The eventual impacts on marine biogeochemistry 

and society are not fully understood. Therefore, developing new proxies to study the response 

of marine OMZs over past warm periods, as recorded in sedimentary archives, is crucial to 

predicting likely future scenarios. The diagenetic products of cell membrane lipids 

(biomarkers) can be preserved in sediments for billions of years, allowing for the study of 

microbial communities and marine-climate interactions in ancient environments. In order to 

more confidently compare modern and ancient OMZs, improved biomarkers for anaerobic 

metabolism must be developed, whereas previously established biomarkers must be examined. 

Analytical developments over the last decades have led to the discovery of a diverse 

suite of bacteriohopanepolyols (BHPs), which are ubiquitous lipids of soil and aquatic 

bacteria (Talbot et al., 2003), and produce recalcitrant degradation products that are 

commonly found in the geological record (e.g., Peters et al., 2005). However, environmental 

and phylogenetic distributions, as well as the physiological roles of BHPs, remain poorly 

understood. In fact, the diversity and distribution of BHPs in marine environments, 

particularly within oxygen-deficient waters such as OMZs, remain understudied. Importantly, 

some BHPs present the potential of being used as proxies for bacterial sources and 

metabolisms in oxygen-deficient waters (Saenz et al., 2011). Thus, the application of BHPs as 

proxies of microbial metabolisms requires a better understanding of their biological sources, 

environmental factors that govern their distribution, transportation and digenetic pathways in 

the environment. 

In this study, we address the distribution and diversity of BHPs in a highly productive, 

geochemically and microbially diverse, marine OMZ associated with an upwelling system of 

varying intensity.  Our goal is to better understand the relationships between the diversity and 
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distribution of BHPs, and microbial metabolism and biogeochemical conditions under varying 

degrees of oxygenation. Water column and surface sediment samples were collected from the 

Humboldt Current System off the coast of northern and central Chile along a latitudinal 

gradient of oxygenation: from a permanent and strong OMZ in the north, to a seasonal and 

weaker OMZ in the south. These samples include four vertical profiles of varying resolution 

throughout a permanent, although thinning OMZ off the Atacama Desert with minimal 

terrestrial influence (~18–27ºS), and a smaller subset of samples from the seasonal OMZ off 

the coast of Concepción, Chile (~36ºS). 

A total of seven BHP structures were identified in water column and surface sediment 

samples throughout this region, including bacteriohopanetetrol (BHT), its putative 

stereoisomer (BHT-II), 2-methyl-BHT, BHPentol, Aminotriol, Anhydro BHT, and 

Adenosylhopane. This diversity is larger than in marine environments not affected by oxygen 

deficiency (Zhu et al., 2011), but similar to other reports on OMZs (Saenz et al., 2011). It is 

unlikely that the diversity of BHPs present in the Humboldt Current system can be attributed 

to terrestrial input, as adenosylhopane, a biomarker for soil sources, was only detected in two 

samples in the proximity of river mouths. BHT, and particularly BHT-II were the most 

abundant compounds in all samples. The relative contribution of BHT-II, although variable, 

correlated with the presence of oxygen-depleted waters, and is likely associated to anaerobic 

metabolism (Saenz et al., 2011). Our results suggest that OMZs are "hotspots" for microbial 

and BHP diversities, where underlying surface sediments reflect the BHP distribution found 

in the suboxic/anoxic portion of the overlying water column. Thus, BHPs have the potential 

of being used as tracers for changes in water column deoxygenation in the sedimentary record.  
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The successful drilling operations of Lake Van allowed the recovery of 220 meters of 

sediments, which represents approximately the last 600 ka. This exceptional climatic archive 

was investigated for relevant organic molecular proxies. The hydrogen stable isotope 

composition (D) of the C29 n-alkane (n-C29) originating from epicuticular waxes of vascular 

plants is a promising tool for reconstructing changes in the source water due to variable 

precipitation/evaporation ratio (Sachse et al., 2012). The hydrogen isotopic composition of n-

C29  in Lake Van sediments co-varies with the pore water salinity profile.  

 

Fig. 1 Covariation of sedimentary D of n-C29 (right) and pore water salinity (left). The 
age model is preliminary and hence might change in the future. 
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This co-variation might hint to a past sustained arid climate in the Lake Van area during 

marine isotope stages 5 (MIS 5). This interpretation is supported by lower biomarker (e.g. n-

alkanes, alkenones) concentrations during MIS 5 in comparison to all other interglacial stages. 

The reason for the substantial drying during MIS 5 could be caused by a more southward 

extension of dry continental climate of north-eastern Europe (Akcar and Schlüchter, 2005). 

The reason why we do not see a similar hydrogen isotope or pore water fluctuation deeper in 

the sediment has to be illuminated in the future. 
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Due to its biogeochemical significance, Anaerobic Oxidation of Methane (AOM) has 

been intensively documented in the marine environment during the last two decades. 

However, the underlying microbial processes and their key agents are still incompletely 

understood. With abundant sulfate, AOM generally involves a syntrophic cooperation 

between anaerobic methane-oxidizing archaea (ANME) and sulfate-reducing bacteria 

(Valentine, 2002). Recently, AOM coupled to other processes such as iron or manganese 

reduction (Beal et al., 2009), or to the reduction of nitrite (Ettwig et al., 2010), has also been 

reported. In the latter case, the process is bacterially-driven and is independent from a 

syntrophic partnership with archaea (Ettwig et al., 2010). 

Lake Pavin is a French meromictic crater lake with rare hydrological characteristics: its 

morphology (max. depth 92 m, mean diameter 750 m) and hydrology induce that waters 

below 60 m never mix with overlying waters and remain permanently anoxic. Though the 

deep anoxic waters of Lake Pavin contain high concentrations (up to 4 mM) of methane, 

almost no methane escapes from the lake. Previous biogeochemical and modeling studies 

suggest that methane is preferentially consumed within the oxic-anoxic transition zone (ca. 

55-60 m depth), but ca. 30% of methane oxidation occurs in the anoxic part of the water 

column and/or within the anoxic sediments (Lopes et al., 2011). AOM in Lake Pavin may be 

coupled to the reduction of NO3
-, Fe(III), Mn (III or IV) and to a lesser extent SO4

2-. 

Phylogenetic (16S rRNA) analyses showed that ANME generally involved in AOM 

(ANME-1, ANME-2 and ANME-3) are not present in Lake Pavin. Other archaeal groups that 

do not have any cultured representatives so far appear well represented in the anoxic parts of 

the lake but their implication in AOM remains to be demonstrated. The distribution (GC-MS 

and HPLC/APCI-MS) and the 13C/12C composition of lipid biomarkers from filtered water 
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sampled in the oxic, dysoxic and anoxic parts of the water column and from anoxic sediments 

were investigated. This revealed a low and homogenous diversity of specific archaeal 

biomarkers in the anoxic parts of Lake Pavin. Archaeol and caldarcheaol (GDGT-0) are the 

two main archaeal core lipids detected, whereas biomarkers generally present in ANME (e.g., 

crocetane, pentamethylicosane or hydroxyarchaeol) are absent. The stable carbon isotopic 

composition of archaeol (13C = -18‰) and acyclic biphytane (13C = -31‰), released by 

chemical degradation (cleavage of ether bonds with HI), argues against an origin from 

archaea involved in AOM. 

Intriguingly, the only 13C-depleted (-70‰<13C <-60‰) lipid biomarkers detected so 

far in the superficial sediments and in the anoxic waters of Lake Pavin are bacterial hopanoids. 

Such 13C-depleted hopanoids are generally thought to be specific of (micro)aerobic 

methanotrophic bacteria, but the more depleted 13C values of some hopanoids in the anoxic 

sediment compared to those of hopanoids from the anoxic water column may indicate the 

presence of a (hopanoid-producing) bacterial population involved in AOM in Lake Pavin. 
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Organo-Clay Interactions (OCIs) are a poorly investigated topic despite of the 

potential benefits in both fundamental and industrial studies fields. Indeed, Organic Matter 

(OM) sorption on clays is a mechanism involved in several research areas: past and actual 

environmental problematic, hydrocarbons sources rocks or soil sciences considerations. In 

actual environmental issues, new research axes are emerging on OCIs applications on organic 

pollutants treatments (cf. Thomas Thiebault, this meeting). In the actual environmental 

management field, OCIs are investigated in order to characterize the role of clay minerals on 

landfill barriers strengthening (Sánchez-Jiménez et al., 2011 Cabrera-Lafaurie et al., 2012). 

Investigations of OCIs in paleoenvironnemental field are primordial for the calibration of 

climatic and paleoecological biomarkers proxies. On the topic of formation and evolution of 

hydrocarbon source rocks, OCIs play an important role on the early steps of diagenetic 

processes. Several models of OM preservation paths are already admitted (Tissot & Welt., 

1984; Largeau et al., 1984; Tegelaar et al., 1989; Boussafir & Lallier-Verges., 1997). 

However, those schemes do not consider the function of the mineral fraction and particularly 

the role of the clayey fraction on sedimentation and preservation of organic matter.  In order 

to test the role of clays on early stages of petroleum source rocks genesis, our study aims to 

investigate the efficiency of three clays on OM sorption in a marine productive water column. 

Our study was carried out off the eastern Pacific upwelling (Antofagasta bay, Chile. It is 

considered as one of the four most productive up-welling areas of the South American coast. 

A combined system of upwelling and surface currents (Humboldt current) sustains a 

proliferating biomass (more than 200 g C/m2/year according to   Levin et al., 2003). 

Natural and synthetic montmorillonites and natural kaolinite samples have been 

disposed along the oceanic water column. The samples have been disposed along three depths 

corresponding to different water oxygenic conditions (oxic, transition and anoxic). After 

different times of exposure, the sample have been removed and characterized via different 

analytical methods (Py-GC/MS, Dissoveld Organic Matter Analyser, XRD and infrared 

spectroscopy). 
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The contributions of this work can be declined in 3 points: (i) we have observed an 

increase of the dissolved organic carbon (DOC) concentrations in the clay traps compared to 

marine DOC concentration. This evidence has been detected in the traps water after 2 days of 

interactions, demonstrating a good attraction effect of clays on ambient organic material. 

Drouin (2007) observed similar result in lacustrine area. 

 (ii) The py-GC molecular results show that fatty acids are the preferentially 

adsorbed molecular lipids family during the interaction process. The anoxic zone of the water 

column has been defined as the most propitious area for the organo-clay aggregation process. 

 (iii) X ray analysis have highlighted an extension of montmorillonites (001) plans 

spacing suggesting the intercalation of some organic compounds. However, previous studies 

(Aarnarson & Keil 2000, Drouin 2010) and some of our results suggest that clays specific 

surfaces play a major role on the organic sorption. A comparison between theoretically 

absorbable amount of organic material and effectively quantified ones permitted us to 

conclude that a little part of external clay surface area is used.  
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Marine ammonia-oxidizing archaea (AOA) are a cosmopolitan and abundant group of 

microorganisms accounting for up to 20% of the bacterioplankton in the oceans (Karner et al., 

2001). They play a key role in the marine nitrogen cycle by catalyzing the first and rate-

limiting step of nitrification and are well adapted to the oligotrophic conditions commonly 

found in the open ocean (Martens-Habbena et al., 2009). 

The membrane lipids of AOA consist mainly of isoprenoidal glycerol dialkyl glycerol 

tetraethers (GDGTs), of which crenarchaeol has exclusively been detected in AOA (Pitcher et 

al., 2011). Intact polar GDGTs are widely used as biomarkers for the occurrence and 

distribution of active AOA in the marine water column. In contrast, fossil core GDGTs 

originating from planktonic AOA are also found in sediments and frequently used as a 

paleoceanographic proxy for reconstructing past surface water temperatures (indexed as 

TEX86; Schouten et al., 2013). Still, the factors controlling intact polar GDGT composition in 

AOA as well as the influence of parameters other than temperature on the TEX86 are poorly 

understood. Thus, constraining the influence of physiological and environmental parameters 

on membrane lipid composition in marine planktonic AOA is crucial for the evaluation of 

associated proxies and the application of lipid biomarkers in tracing archaeal distribution, 

seasonality, and activity in the marine water column.  

We studied the response of membrane lipid composition to physiological parameters 

in the first cultured marine AOA Nitrosopumilus maritimus (Könneke et al., 2005). The 

cultivation of a pure culture offers the production of sufficient biomass and allows the 

performance of highly reproducible experiments at defined conditions.  

In order to assess the potential of characteristic intact polar GDGTs as biomarkers for 

active AOA in environmental studies we analyzed the intact polar lipid compositions of N. 

maritimus at different growth phases in comparison to the stationary phase by using state-of-

the-art analytical protocols (Zhu et al., submitted). Furthermore, we investigated the influence 

of temperature, salinity and different carbon substrates on composition and cyclization of 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 132 -



intact and core GDGTs in N. maritimus. On this basis, we evaluated the response of 

membrane lipid composition to environmental parameters and their coalescence in the TEX86 

paleothermometer. First results indicated significant changes in phospholipid content relative 

to glycosidic lipids during growth and stationary phase. In addition, we identified an increase 

in diglycosidic and hydroxylated lipids at elevated salinity, while lower salinity had no effect 

on the lipid composition. 

Our results promote the understanding of isoprenoidal GDGTs as biomarkers of active 

AOA in the marine water column and how physiological response of marine archaea to 

environmental conditions is reflected in the TEX86 paleotemperature proxy. 
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Palmales is very small marine microalga, in which cell size is 2-5 μm, and is classified 

as picoplankton. It is pointed out that this alga is one of main primary producer in restricted 

subarctic regions. Palmales has siliceous tests, and may be closely related to diatom, which is 

a main important primary producer in the Cenozoic ocean. In 2008, Dr. A. Kuwata’s research 

group can succeed in isolation of the Palmales collected from the Oyashio region, the 

northwestern Pacific [1]. In the present study, we try to search lipid biomarkers of the 

Palmales, and to give understanding for first appearance and first processes of evolution of 

diatom. There have been no reports for siliceous fossil of Palmales. It is known to well 

preserve siliceous diatom fossil in ancient sediment, and however, such fossil is frequently 

lost through its dissolution by diagenesis after deposition. Therefore, very small siliceous tests 

of Palmales must be easily dissolved by diagenesis, and it cannot evaluate the timing of first 

appearance and reconstruct productivity of Palmales by using its siliceous fossil. Thus, we 

clarified the Palmales biomarkers and their compositions, and these biomarkers are used as 

molecular fossils for giving understanding evolution processes and historical variations of 

productivity of this alga. 

We use culture strains of Triparma laevis, Triparma laevis f. longispina and Triparma 

strigata for analysis of lipid biomarker. Wet culture samples were extracted with methanol/ 

dichloromethane, and the extracts were fractionated by silica gel chromatography. Polar 

fraction was silylated by BSTFA before analyses using GC/MS [2]. 

We can identify C21:6 n-alkene, C20:5 and C22:6 n-alkenoic acids as well as C27-C29 

sterols as Palmales biomarkers. These lipids have been detected from diatom cultures as 

reported previously (e.g. [3]). In particular, T. laevis strain is found to be characterized by 

overwhelmingly abundance of C29 β-sitosterol. However, C28 sterol as ostreasterol is more 

abundant rather than C29 sterols in T. strigata. These results indicate that there is possibly 
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taxonomic variability in sterol composition within Tripalma genus. In addition, we can detect 

a number of unknown polar compounds with higher molecular weight (compounds A-F in Fig. 

1). These unknown compounds may have potential as specific Tripalma biomarkers. 

 

 

Figure 1.  Partial ion chromatograms of polar fraction from culture samples for T. laevis, T. 
laevis f. longispina and T. strigata. Numbers in chromatogram are identified as: 1: Cholesterol 
(C27 Δ

5), 2: Ostreasterol (C28 Δ
5,24(28)), 3: Campesterol (C28 Δ

5), 4: Clerosterol (C29 Δ
5,25), 5: β-

sitosterol (C29 Δ
5), 6: Fucosterol (C29 Δ

5,24(28)), A-F: Unknown compounds. 
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Natural Organic Matter (NOM) is a very complex and polydisperse mixture of highly 

degraded organic compounds present in surface, sediments and ground water. The detection 

of compounds in NOM by mass spectrometry depends on the ionization technique. Typically 

electrospray ionization (ESI) in negative ion mode is used to characterize these compounds 

based on their acidity and the possibility to detect the deprotonated species by ultrahigh 

resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) 

(Stenson et al., 2003; Koch et al., 2005). However, laser desorption/ionization (LDI) can also 

be used to detect compounds in NOM (Fievre et al., 1997).  LDI has been used already to 

study compounds in crude oil on the molecular level (Cho et al., 2012). This ionization 

method in combination with time-of-flight mass spectrometry has also been used to measure 

the molecular weight of humic substances (Shinozuka et al., 2004). Marine natural organic 

matter of sediment samples of different depth has been characterized by LDI-FT-ICR mass 

spectrometry in negative ion mode using a UV laser at 355 nm. These results have been 

compared with those obtained by ESI FT-ICR MS. Low laser power during the ionization 

process and soft ion storage conditions have been used to reduce formation of fragments.  

 

 

 

 

 

 

 

 

 

Figure 1.  Relative abundances of compound classes of marine sediment samples at different 
depth measured by a) LDI- and b) ESI-FT-ICR mass spectrometry 
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When comparing both ionization methods the average H/C ratio is shifting to lower 

values from ESI to LDI observed in the Van Krevelen plot. Therefore, highly aromatic 

compounds are ionized preferentially by LDI which correlates well with the UV absorption of 

these compounds. Also, relative abundances of compound classes detected by LDI and ESI 

have been compared (Figure 1). High amounts of sulfur containing compounds have been 

found in these marine sediment samples by both ionization methods. However, ESI seems to 

be more sensitive for the detection of compounds with high sulfur content. 
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Crude is known as one of the most complex mixtures containing tens of thousands of 

different compounds. Therefore, the analysis of oil on the molecular level by mass 

spectrometry is very challenging. Ultrahigh resolving power is need for mass separation and 

extremely high mass accuracy is necessary for unambiguous molecular formula calculation. 

Many studies have been performed to better understand the properties of crude oil based on 

the molecular composition. The limiting factor to characterize oil is mainly the high 

complexity. Therefore, reduction of the chemical diversity by chromatographic methods is 

one approach to gain more information of the sample. Beside gas chromatography (GC) and 

liquid chromatography (LC) (Willsch et al., 1997; Zhang et al., 2010), thin layer 

chromatography (TLC) (Harvey et al., 1984; Jarne et al., 2011) can be used to separate 

compounds in heavy crude oil. These TLC fractions can by analyzed by mass spectrometry 

using different ionization methods. A crude oil from the North Sea oil obtained from the 

Norwegian Petroleum Directorate has been fractionated by TLC.  

 

     

 
Figure 1.  Trend lines of the intensity weighted average values of a) carbon number of the 

compounds and b) double bond equivalents (DBE) of compounds classes CH and N1 of the 
TLC fractions.  Average C atom increases and DBE decreases with Rf. 
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These fractions with retardation factors (Rf) between 0.13 and 0.97 have been 

analyzed by Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS)  

(Marshall et al., 2004) using laser desorption/ionization (LDI) in positive ion mode. It has 

been shown recently that crude oils can be characterized on the molecular level by LDI using 

FT-ICR mass spectrometry (Cho et al., 2012). The relative abundances of the compounds 

classes of all TLC fractions have been compared. Trends of the average carbon number and 

double bond equivalents (DBE) have been found for increasing retardation factor (Figure 1). 

However, DBE vs. C plots of the hydrocarbon class and N1 class show that compounds 

detected by LDI are shifting with increasing Rf from the planar limit with very high DBE/C 

values to compounds with much lower DBE/C ratios. This indicates that TLC separates 

compounds in crude oil by their core structure.  
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Compound-specific hydrogen isotope analyses are gaining increasing interest for 

paleoenvironmental studies.  Numerous efforts are now being made to establish quantitative 

relationships between the D of individual compounds and the D of environmental waters, 

as well as other climatic and biological parameters.  One of the directions proposed is to 

measure the D values of molecular biomarkers whose source organisms are constrained.  

Pentacyclic triterpenes are such biomarkers. Because these biomarkers can undergo structural 

modifications during early diagenesis, it is therefore crucial to understand the extent to which 

these modifications can be accompanied by a hydrogen isotope fractionation process. 

 Our previous work on archaeological layers preserved in aqueous conditions in Lake 

le Bourget revealed that diagenetic by-products of pentacyclic triterpenoids (des-A-triterpenes, 

aromatic tetra- and pentacyclic derivatives) are systematically D-depleted when compared to 

their biochemical precursors (Jacob et al., 2011).  This depletion can result from: i) the 

selective degradation of depleted triterpenoids; ii) a microbial or photochemical degradation 

that is accompanied by fractionation; iii) a heterogeneous distribution of deuterium in the 

biochemical precursors. 

We have tested the last proposition through the analysis of the natural deuterium 

distribution of methyl groups of a specific pentacyclic triterpene, miliacin (olean-18-en-3β-

ol ME or germanicol ME) using deuterium natural abundance two dimensional NMR (NAD 

2D-NMR) spectroscopy where polypeptide liquid crystals (PBLG) was the oriented NMR 

solvent.  NAD 2D-NMR experiments were carried out on a 14.1 T NMR spectrometer 

equipped with a deuterium cryogenic probe (Lesot et al., 2009).  This original method, 

successfully applied for determining the site-specific hydrogen isotopic composition in short-
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chain, fatty acid methyl esters (Lesot et al., 2008 and 2011), is experimentally extended to the 

case of methyl groups of miliacin for the first time.  Unlike the classical approach using liquid 

solvents (SNIF-NMR®), spectral separation of the NAD of miliacin signals in liquid crystals 

is achieved on the basis of their chemical shifts but also deuterium quadrupolar splittings 

(ΔνQ), an anisotropic NMR interaction specific to nuclei with spin >1/2.  This approach 

permits a superior portrayal of spectral information on the NMR 2D maps. From the 

evaluation of peak surfaces, it is then possible to determine the (D/H) isotope ratios for each 

methyl group, when NAD spectra are recorded using quantitative conditions. 

The first quantitative results obtained in the case of miliacin isolated from broomcorn 

millet oil show significant site-specific (D/H) variations of various methyls.  For example, 

methyl sites referred to as Me24 and Me30 are D-depleted compared to Me26 and Me27 

while Me31 is significantly enriched in regards of all other sites (see Figure 1).  These new 

results must be regarded with respect to the biosynthetic pathway leading to C3 oxygenated 

pentacyclic triterpenes through the cyclisation of 2,3-oxidosqualene leading to germanicol, 

which is finally methylated to provide miliacin.  Our results provide clues to the distribution 

of D in this type of molecule, thus allowing a better understanding of potential biases in 

interpreting the D of the diagenetic derivatives of pentacyclic triterpenes. 
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Figure 1.  Ring and carbon numbering in miliacin. 
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Recently, a unique class of boron-containing fossil organic pigments, the 

borolithochromes, has been discovered in the common Jurassic red alga Solenopora jurassica 

(Wolkenstein et al., 2010). The pigments have been characterized by mass spectrometry as 

complicated boric acid esters with two phenolic moieties. However, because of the tiny 

amounts of individual pigments their exact chemical structures could not be determined. Now, 

the structures of the enigmatic pigments were elucidated using the new methodology of 

microcryoprobe NMR. 

In comparison to mass spectrometry, mass sensitivity of NMR spectroscopy is rather 

low. Using conventional NMR with 5 mm tube probes, for structure elucidation of an 

unknown compound normally a sample amount of more than 1 mg is required. Such amounts 

of individual fossil organic compounds can be obtained only in exceptional cases. However, 

the advent of cryogenically cooled probes for 1.7 mm tubes few years ago has led to a 

dramatic increase in mass sensitivity, allowing the full characterization of natural products by 

one- and two-dimensional NMR with only few micrograms (Molinski, 2010; Ge et al., 2012). 

Individual borolithochromes were isolated by semipreparative HPLC. By applying 

microcryoprobe NMR, the structure of one of the main pigments was determined as a 

tetrahedral boric acid ester with two sec-butyl-trihydroxy-methyl-benzo[gh]tetraphen-one 

ligands. Based on this structure determined by one- and two-dimensional NMR (1H NMR, 
1H-1H COSY, TOCSY, HSQC, HMBC), the structures of homologues and related compounds 

could be established. The fossil pigments are not only the first boron-containing pigments but 

also exhibit a previously unknown carbon skeleton which is not related to those of modern red 

algal pigments. Their highly functionalized structures and their chirality strongly suggest that 

the borolithochromes are almost unchanged natural products. These results point to a natural 

product chemistry in ancient times that might be less conservative than previously thought. 

Furthermore, the structural elucidation of a fossil compound based on a sample of only about 

50 µg demonstrates the potential of microcryoprobe NMR for organic geochemistry. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 142 -



 

REFERENCES: 
 
Ge, H.M., Sun, H., Jiang, N., Qin, Y.H., Dou, H., Yan, T., Hou, Y.Y., Griesinger, C., Tan, 

R.X., 2012. Relative and absolute configuration of vatiparol (1 mg): a novel anti-
inflammatory polyphenol. Chemistry – A European Journal 18, 5213–5221. 

Molinski, T.F., 2010. NMR of natural products at the 'nanomole-scale'. Natural Product 
Reports 27, 321–329. 

Wolkenstein, K., Gross, J.H., Falk, H., 2010. Boron-containing organic pigments from a 
Jurassic red alga. Proceedings of the National Academy of Sciences of the United States 
of America 107, 19374–19378. 

 
 
 
 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 143 -



THERMODYNAMIC CHARACTERIZATION OF RESIDUALS FLUIDS IN 
MATURE SOURCE ROCK 

 
Nancy FERRER2, François MONTEL1 and Denis LEVACHÉ1*   

 
1. TOTAL  Exploration & Production Avenue Larribau 64018 Pau Cedex (France) 

2. PAU University (UPPA) Avenue de l'Université 64012 PAU cedex (France) 
*) Corresponding author: denis.levache@total.com 

 

The aim of this study was to characterize the chemical and thermodynamic behaviour 

of residual oil in shale. The in-house software BEST was used for simulate this behaviour.  

We attempted to rebuild the fluid present in source rock before expulsion using both 

extraction of the source rock and the composition of fluid, sourced from that same source rock, 

present in a close reservoir. We assume that extracted source rock is at a location considered 

as the kitchen of the trapped fluid. The chemical characterisation of the extracted organic 

matter (EOM) was carried out using SARA, GPC and GC analyses. 

Initially in source rock we have kerogen, water and mineral matrix. When thermal 

maturity increases kerogen is transformed into hydrocarbons and pressure in the source rock 

increases.  Generated overpressure can be evacuated either by pressure diffusion through 

existing porous network or by rock fracturing if the mechanical limit is reached. In some 

cases, mass diffusion could have a strong impact on the composition of the expelled fluid but 

in the present study this phenomena was neglected. We consider that the dominant 

mechanism for compositional fractionation is the liquid/liquid/vapour phase split at source 

rock conditions (bitumen/oil/gas). 

The key issue is the reconstruction of the overall fluid composition in the source rock 

before expulsion.  

The total hydrocarbon composition in the source rock before expulsion is the 

combination of three parts:  A light fraction obtained directly from the migrated reservoir 

fluid, an intermediate fraction obtained from the EOM (but split between the existing phase)   

and a heavy fraction directly from EOM.  

The equilibrium conditions, calculated with our BEST software, give us the phase 

distribution (bitumen, oil and gas) depending on the relative amount of the three fractions. 

The bitumen phase is considered to be immobile. 

To determine the three fractions proportion we have the following constrains: 
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 According to the composition of migrated fluids, no gas phase is present at expulsion 

conditions in the source rock. Otherwise the migrated fluid should be a gas condensate. 

We assumed that the most likely situation is close to the gas phase boundary. This 

assumption gives the balance between light and intermediate component.  

 The expelled oil was in equilibrium with a bitumen phase at source rock conditions.  

Reconstruction of the oil phase was done by adding polar fraction up to the liquid/liquid 

saturation limit.  

 Migrated fluids contain a negligible amount of resins and asphaltenes compared to the 

bitumen phase. Therefore, EOM Polar content gives a good estimate of bitumen phase in 

the source rock. 

 GENEX software was used 

obtain the temperature and the 

hydrostatic pressure profiles. The 

fluid behaviour is simulated along 

these profiles with our BEST software. 

 Before expulsion the organic 

fluid split in two phases; a light 

mobile phase (oil) and a heavy non-

mobile phase (bitumen). When the 

expulsion threshold is reached, the 

light phase migrates to the reservoir 

and the bitumen remains in the source 

rock.  

An uplift of the source rock leads to a gas phase release and as a consequence, the two 

liquid phases become miscible and the resulting liquid becomes highly viscous.  

Close to the gas phase boundary the split between the two liquid reaches a maximum and 

expulsion of the oil phase is possible. At very high pressure, the two liquid become miscible 

again and the mixture can be expelled in the monophasic state. 

Current Equations of State (EoS) can only mimic the phase behaviour of such 

complex systems and there is a strong need for more rigorous thermodynamic modelling of 

the bitumen/oil phase split under high pressure conditions.  

Understanding the phase behaviour in the source rock appears to be crucial for the 

pressure relaxation during catagenesis and for the estimation of the residual oil properties in 

shale. 
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The34S analysis of individual compounds was recently demonstrated following the 

interfacing of a gas chromatograph with a Neptune multi collector ICP-MS (Amrani et al., 

2009). A second similar facility has now been set-up at the University of Western Australia 

for biogeochemical studies of the S-cycle, as well as to practically assist explorations for both 

oil and metal deposits.  Naturally occurring S can span a range of oxidation states (-2 to +6) 

and 34S analyses can reflect important biogeochemical processes – e.g. bacterial sulphate 

reduction can lead to 34S fractionation of up to 50 ‰ depending on sulphate availability 

(Canfield and Teske, 1996).    

Key aspects of this new analytical facility, including hardware (e.g., purpose built GC 

to ICP-MS interface) and analytical performance, as well as initial applications will be 

presented.  For instance, the very high gas flows typically used to cool the ICP torch during 

ICP-MS operation have posed a significant challenge to the transfer of less volatile analytes 

from the GC.  Optimisation of key GC and MS parameters and use of a purpose built GC to 

MS transfer line, however, have supported the detection of organic sulphur compounds (OSCs) 

as large as polymethyl- dibenzothiophenes (DBT) with sufficient temporal resolution for 

reliable 34S measurement. To explore the enormous application potential of S compound 

specific isotope analysis (CSIA) we are in the process of measuring the 34S values of OSCs 

in a range of oils and sediments: 
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i. Oil Analysis - Bulk δ34S values of petroleum can vary over a wide range (-8 to 32 ‰; 

Faure and Mensing, 2005) and have proved very useful for oil-oil correlations (e.g. 

Gaffney et al., 1980).  More powerful analyses can be anticipated from S-CSIA. Amrani 

et al. (2012) measured the δ34S value of OSCs in oils impacted by thermochemical 

sulphate production, and showed that the δ34S values of benzothiophene (BT) and DBT 

diverged on account of their different rates of production. It was further suggested the 

extent of TSR might be implied from the difference in δ34S values of these two products 

(Amrani et al., 2012). To further investigate the potential of S-CSIA to assist the 

organic geochemical appraisal of oils we have analysed a suite of S-rich oils from 

various petroleum reservoirs and basins in China.  

ii. Metal Deposits - δ34S analysis of metal sulphides has been useful for investigations of 

ore deposits (e.g. Rye and Ohmoto, 1974). δ34S values might relate the OSCs present in 

relatively high abundances in some metal deposits to sulphides associated with the 

mineralising fluid.  OSCs from the ‘Here Your Chance’ Pb-Zn-Ag deposit in NT have 

been isolated for δ34S measurement. 

iii. Fluid Inclusions – gaseous (e.g., H2S) and liquid range OSCs have been detected in FI 

associated with petroliferous sediments and metal-deposits. Sulfur isotope signatures 

will complement measurements of their relative abundance and help establish 

hydrocarbon sources and important geological processes. 

iv. Mass Extinction events and the S-cycle - DBT is known to vary in concentration across 

mass extinction boundaries.  The 34S relationship of DBT and other OSCs may provide 

a valuable insight into the potential influence of the S-cycle on these phenomena. 
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Thermochemolysis was applied to a wide variety of polymeric organic materials, 

including complex and intractable samples (i.e. soils and sediments) for rapid structural 

characterization, chemical profiling or source determination. 

Thermochemolysis using tetramethylammonium hydroxide (TMAH) is commonly 

used for the analysis of both free and bound carboxylic and alcoholic moieties because of its 

relatively strong alkaline character. As a consequence, the discrimination between the 

different moieties originally present in samples were done using TMAH combined 

alternatively with less reactive reagents [1,2 and references therein]. 

“Multi-shot” pyrolysis was used in the last few years for the analysis of complex 

natural organic matters [3 and references therein], by the sequential examination of the 

products released successively by thermal desorption and by thermal cracking from the same 

sample. In this way, a double-shot off-line thermochemolysis was developed to characterize 

successively free and bound compounds. Several reactants with different strengths were used.  

The best sequence were obtained with hexamethyldisilazane (HMDS) followed by TMAH. 

The method was performed on samples from a wooded Sphagnum-dominated mire peat 

(Frasne, Jura Mountains, France). Products generated from each successive step were 

recovered in cold traps before being analysed by GC/MS. To provide the additional 

information, results of the double-shot method were compared to those obtained by TMAH 

classical thermochemolysis. 

Classical TMAH thermochemolysis could not distinguish trapped products, 

thermolabile components and components with a relatively high thermal stability. On the 

contrary, analysis of the thermolysates showed obvious differences between the two shots 

regarding the nature and/or the distribution of the numerous products identified in the two 

thermolysates. The first shot with HMDS at 300 °C revealed the occurrence of thermolabile 

and/or free compounds, mostly carbohydrates and aromatics. The second shot with TMAH at 
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400 °C released products resulting from the cracking of units with a relatively high thermal 

stability (monomers from biopolymers such as lignin and cutins, suberins or waxes).   

 

 

Figure 1.  TIC chromatograms of the thermochemolysis products generated from the lipid-
free peat during the double-shot experiment: (a) first shot (HMDS, 300 °C) and (b) second 
shot (TMAH, 400 °C) and during the classical TMAH thermochemolysis (c) (IS: internal 
standard, 1 to 23: mostly sugar, sugar derivatives or aromatic derivatives. Ax: aromatic 

compounds, S: sugar derivatives, : fatty acids, : ω-methoxy esters, : α,ω-diesters).  
 

This double-shot thermochemolysis appears as an interesting tool to help deciphering 

the composition, origin, nature and dynamic of soil and sediment organic matter. Moreover, 

the comparison of the three humic substances fractions (fulvic and humic acids and humin) 

shows that some molecular compounds were lost during this chemical fractionation. 
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The characterization of geological samples through GC×GC has been a challenging analytical 

target. Although the macroscopic differences of the sample constituents allow the separation and 

group-type classification according to the molecular functionality, this may not always be enough for 

accurate biomarker analysis. As it is known, the use of GC×GC for the analysis of a whole oil sample 

often results in convoluted chromatograms, related to both saturated and unsaturated ring structures, 

strongly affecting the detection as well as the quantification of biomarkers. 

The present work involves a detailed evaluation of biomarkers of representative Brazilian oils 

from the Recôncavo Basin by GC×GC hyphenated to time of flight mass spectrometry (TOFMS). 

Preliminarily, liquid chromatography has been applied to each oil sample in order to separate saturated 

hydrocarbons, aromatic and NSO compounds. Additionally, the saturated hydrocarbon fraction has 

been further separated in linear and cyclic-branched, by using urea adduct. The whole oil and each 

obtained fraction have been injected in the GC×GC system and the results were compared and 

discussed. The sample preparation procedures simplified, enriched the fractions and the use of 

GC×GC-TOFMS allowed the separation and identification of normally investigated biomarkers, 3-

methyl-hopanes, onocerane isomers, aromatic steroids, methyl-aromatic steroids and benzohopanes. 

The hopane series, normally detected in the range H27 to H35, was detected from H27 to H37. 

Moretanes, usually present from M29 to M31, have been detected from M29 to M34. The complete 

series of diahopanes, from DH30 to DH35 was also assigned. The 28-nor-spergulane series, often 

detected in the range 28NS29 to 28NS31, was present up to 28NS32 in the current study. The 

characterization of these compounds was possible because of the sample preparation steps, which 

cleaned each fraction up increasing the relative amount of minor components; furthermore the use of 

GC×GC was also fundamental to resolve co-elutions; M33, DH34 and TTr36 are examples of three 

minor compounds which normally co-elute in 1D separation, but are well separated in the GC×GC 

chromatogram. A zoom of the GC×GC-TOFMS chromatogram of a selected cyclic-branched fraction 

is reported in Figure 1 to illustrate the complexity of the sample. The well-ordered 2D distribution of 
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the different classes of compounds is evident and major and minor components could be identified 

through the mass spectra available for each peak.  

Finally, a key example showing the potential of the results obtained is reported in Table 1 and 

discussed below. Based on the results obtained by Oliveira et al. (2012), reporting the predominance 

of the 3-methyl-hopane series in lacustrine oil samples, Kiepper et al. (2012) proposed a new ratio 

based on these biomarker: calculating the percentage of 3MH31 in relation to H30, a value higher 

than 1 strongly indicates lacustrine origin. In the present work, the results obtained over 6 oil samples 

validate the proposed parameter and are also consistent with the source parameters proposed by Mello 

et al. (1987) for Brazilian oils (H30/C27 (S + R); < 4 marine, > 7 lacustrine). 

 

Figure 1. Selected region of mass chromatogram m/z 191 of the cyclic-branched fraction 
isolated from oil RC#3 (H=hopane, M=moretane, DH=Diahopane, TTr=Tricyclic terpane). 

 
Table 1. (3-MeH31/H30)% ratio for six Recôncavo Basin oils, calculated with the GC×GC-

TOFMS area, extracting the ions m/z 205 and m/z 191. 
Sample (3-MeH31/H30)% H30/C27  (S + R) 
RC#1 2.1 8.2 
RC#2 9.2 7.2 
RC#3 5.2 23.3 
RC#4 5.3 23.5 
RC#5 1.0 7.7 
RC#6 2.7 13.0  
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Bulk kinetic models of petroleum generation and cracking are commonly used in basin 

modelling applications to predict the timing and extent of source rock maturation. 

Compositional kinetic models provide additional predictions of the compositional evolution 

of the fluid phase generated and expelled. In all cases kinetic models are developed using 

open or closed system pyrolysis methods, with a variety of analytical tools available. The 

selection of kinetic models for use in e.g. basin modelling is usually performed using either 

the analytical results of a specific sample (deemed representative of the source rock in 

general), based on source rock organic facies or simply by selecting a "standard" kinetic 

model from an arbitrary list of kinetics provided with the basin modelling software. In view of 

source rock facies variability in general, as well as the lack of documentation regarding 

analytical precision, reproducibility and error margins, (i.e. unknown data quality) basin 

modellers and organic geochemists alike are largely unsure as to what kinetic data types to 

use. Here we present a "best practice" concerning kinetic analysis and implementation of such 

models in exploration based on over 10 years of kinetic analyses at our laboratories at GFZ. 

In order to address analytical precision the pyrolysis equipment used (we use two 

Source Rock Analyzers, from Humble Instruments, Texas) needs to be tested with respect to 

measurement accuracy, linearity, and reproducibility. We monitored and controlled reported 

temperatures of the pyrolysis oven and sample temperature sensors using the built-in as well 

as an external temperature sensor. Absolute temperature as well as heating rate accuracy of 

the SRA temperature sensors remained within a 3% error margin. Linearity was tested using 

variable sample amounts and proved to be excellent. Reproducibility of the generation rate 

curves of our standard samples (Posidonia Shale and Jet Rock) produced by the SRA is very 

good throughout a period of 10 years covering roughly 150 measurements.  

A comparison of results from two different labs was performed by analysing the 

Posidonia Shale sample reported by Schaefer et al. (1990) and one of the Type II-S kerogen 

samples from di Primio and Horsfield (1996). Here the first measurements were performed at 

heating rates of 0.1, 0.7 and 5 K/min at KFA, Jülich and the mathematical model used to 

define the kinetics was published by Schaefer et al. (1990). The same samples were analysed 
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at GFZ using the SRA (heating rates of 0.7, 2.0, and 5 K/min) and the Kinetics2000 software 

(LLNL). In both cases nearly identical activation energy distributions and frequency factors 

were calculated. In the comparison of analytical results between these and other labs we have 

identified the very high and variable heating rates used as the main cause for differences in 

calculated kinetics. Following the work of Schenk and Dieckmann (2004) we strongly 

recommend the use of low heating rates for determination of accurate kinetic models. 

 Having demonstrated that analytical precision and reproducibility of the kinetic 

methods used we now address natural kinetic and organo-facies variability. Both Tegelaar and 

Noble (1994) as well as Pepper and Corvi (1995) connect kinetic behaviour with the organic 

facies of the sample. However, where Pepper and Corvi (1995) have defined standard kinetics 

for individual organic facies types, Tegelaar and Noble (1994) conclude that the kinetics of 

kerogen mixtures can be described by mixing the kinetic parameters of their presumed end 

members as identified using PyGC. Especially the latter authors document that for a given 

organic facies a relatively large kinetic variability is possible. Accordingly the selection of the 

most representative sample for analysis requires a systematic and detailed screening. In a 

study of the Jean d'Arc Basin, Newfoundland (Baur et al. in press) we demonstrated how such 

a detailed screening of total source rock variability can be used to select the appropriate, 

representative samples for kinetic analysis, which aid ultimately in the prediction of 

petroleum properties. We conclude that the careful selection and kinetic analysis of 

representative source rock samples can significantly enhance exploration efforts.  
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Fluid mixing is more and more recognised as one of the key controls on petroleum 

composition, properties and quality. Essentially all reservoired oils are mixtures of numerous 

oil charges expelled from the same source rock at different temperatures (Wilhelms and 

Larter, 2004). Other mixing scenarios are possible depending on the geological setting of a 

petroleum system (e.g. number and characteristics of source rocks, tectonics). Reservoired 

oils may derive from mixing of petroleums from two (or more) different source rocks (Peters 

et al., 1999) as well as from mixing of petroleums with different levels of secondary 

alteration, in particular biodegradation (Huang et al., 2004). Of course, any combination of 

the aforementioned types may occur. Differences in fluid density and composition are the 

main driving forces of mixing processes. In addition, migration contamination in the carrier 

may be a further mechanism of petroleum mixing. 

With respect to geochemical tools conventionally used in petroleum system evaluation 

such as oil-oil- and oil-source-correlation or maturity assessment the effects of mixing are so 

far widely overlooked. Thus, steps for the qualitiative and quantitative assessment of 

petroleum mixing have to be implemented into the interpretation schemes for geochemical 

data utilized in petroleum system analysis. It must be noted, that mixing assessment for a 

given crude oil requires different methodologies depending on wether or not the endmember 

oils contributing to the mixed oil are known and/or are part of the sample set. 

In this study we worked with a set of crude oil samples from the West African Atlantic 

Basin. This basin can be considered as an ideal natural laboratory for petroleum mixing as it 

contains lacustrine presalt as well as marine postsalt source rocks in close proximity. We 

determined detailed geochemical data for 25 oils with the focus on quantitative compositional 

differences of main and trace compounds and the carbon and hydrogen stable isotopic 

compositions of individual oil constituents.  
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Wood standards were investigated by combinations of thermovaporization coupled 

with gas chromatography-mass spectrometry and by Curie-Point pyrolysis coupled with gas 

chromatography-mass spectrometry (see Mann et al., 2013, this meeting). All samples were 

selected with the aim to function as extendable future reference basis and with the objective to 

represent a wide range of contrasting woods in respect to biological diversity, geographical-

climatological origin and first appearance in geological time (Palaeozoic to Paleocene). 

Accordingly, not only recent and very common trees like pine and broadleaf trees, bamboo 

and magnolia have been analyzed, but also some very special trees like for example the 

geological very old Araucaria from the former Gondwana area (Table 1). 

Already elemental screening analyses seem well suited to separate the more resinous 

wood references from the more ligneous species by cut-off values for TOC of 48 and 50% 

and for HI of 300 and 350mgHC/OC, respectively (Table 1): i) more resinous (ligneous: 

Picea, Araucaria; more ligneous: Juniperus), ii) resinous (less ligneous: Talauma, 

Dendrocalamus, Apodytes; ligneous: Drimys, Fagus, Platanus; more ligneous: Pinus) iii) less 

resinous (ligneous: Buxus; more ligneous: Dinizia).  

Thermovaporization coupled with GCMS allows a first separation of the various wood 

references into five groups established on their base, significant strong, or non-resolved peaks 

at ›60min (Dinizia, Platanus), 57.3min (Juniperus, Picea, Buxus), 57.8min (Araucaria, Pinus) 

and 40.0min (Apodytes, Fagus, Dendrocalamus) or according to their specific base peaks like 

Drimys and Talauma (Table 1). In contrast to Curie-point pyrolysis GCMS (Mann et al., this 

meeting), any further detailed differentiation according to individual species can easily be 

obtained by comparing the individual intensity of further significant peaks (for details, 

compare Table 1). Compound identifications are underway. 
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Table 1. Individual wood standards investigated, total organic carbon content (TOC), hydrogen index 

(HI) and relative discrimination according to total ion chromatograms as analyzed by thermo‐

vaporization‐GCMS (BP=base peak, S= strong, w=weak) 

ref. #  botanical classification: species/order/family               
common name of species 
origin of family: location/lowermost geologic age  

TOC (%)                           
HI (mg HC/gOC) 
TIC (retention time [min])             

  Group 1  BP at > 60 

51298  Dinizia excelsa/Fabales/Fabaceae  
Dinizia Excelsa (trade name) 
Amazonas basin/Late Cretaceous 

51.7                                                               
279 
67.9 (BP)  longest retention time at all 

51301  Platanus occidentalis/Proteales/Platanaceae 
Sycamore, Planetree                                  
North America/Early Cretaceous 

49.1                                                               
325 
63.5 (BP) 58.5 (S)    

  Group 2  BP or S at 57.3 

51292  Juniperus virginiana/Coniferales/Cupressaceae 
Eastern Red Cedar                        
Eastern North America /early Mesozoic (?), Jurassic 

50.8                                                               
354 
57.3 (BP) 33.3 (S) 

51294  Picea abies/Coniferales/Pinaceae 
Norway Spruce                                    
Central Europe / early Mesozoic 

48.5                                                               
376 
57.3 (BP) 40.9 (S) 67.6 (S) 

51297  Buxus sempervirens/Buxales/Buxaceae 
Box Tree                  
Europe, N Africa, W Asia/Early‐Mid. Cretaceous 

49.7                                                               
294 
57.3 (S) 40.2 (BP) 

  Group 3  BP at 57.8 + (S) 33.5  both non‐resolved 

51291  Araucaria angustifolia/Coniferales/Araucariaceae 
Brazilian Pine, Paraná Pine 
southern hemisphere (“Gondwana”)/late Palaeozoic    

48.5                                                               
360 
57.8 (BP) 33.5 (S) 30.6 (S)  

51295  Pinus sylvestris/Pinales/Pinaceae  
Scots Pine                                          
Europe and Asia/early Mesozoic 

50.8                                                               
349 
57.8 (BP) 67.8 (S) 52.3 (w) 33.5 (S) 

  Group 4  BP or S at 40.0 

51296  Apodytes dimidiate (acutif.)/Euasterids/Icacinaceae 
White Pear                                                         
South  Africa/Paleocene 

47.9                                                               
304 
40.0 (BP) 45.9 (S) 

51300  Fagus sylvatica/Fagales/Fagaceae 
European or  Common Beech             
S Sweden to NW Turkey/Early Cretaceous 

48.8                                                               
326 
40.0 (BP) 35.6 (S) 37.5 (S) 

51303  Dendrocalamus hamiltonii/Poales/Poaceae 
Giant Bamboo                                        
China, Southeast Asia/Late Cretaceous 

47.6                                                               
328 
40.0 (S) 27.6 (BP) 

  Group 5  individual BPs <45.0 

51299  Drimys winteri/Canellales/Winteraceae 
Winter's Bark, Canelo     
rain forests of Chile and Argentina/Early Cretaceous 

48.6                                                               
335 
42.9 (BP) 48.8 (S) 

51302  Talauma ovata/Magnoliales/Magnoliaceae 
Swamp Magnolia                                 
Brasil, Ecuador/Early Cretaceous 

47.8                                                               
334 
34.9 (BP) 31.7 (S) 
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Wood standards were investigated by combinations of Curie-point pyrolysis coupled 

with gas chromatography-mass spectrometry and by thermovaporization coupled with gas 

chromatography-mass spectrometry (see Mann et al., 2013, this meeting). All samples were 

selected with the aim to function as future reference basis and with the objective to represent a 

wide range of contrasting woods in respect to biological diversity, geographical-

climatological origin and first appearance in geologic time (Palaeozoic to Paleocene). 

Accordingly, not only recent and very common trees like pine and broadleaf trees, bamboo 

and magnolia have been analyzed, but also some very special trees like for example the 

geological very old Araucaria from the former Gondwana area (Table 1). 

By Curie-point pyrolysis coupled with gas chromatography-mass spectrometry, the 

investigated wood samples can be differentiated into four groups by their base or strong peaks 

at retention times of 54.7min (Dinizia), 44.3min (Araucaria, Juniperus, Picea, Buxus), 

26.9min (Fagus, Drimys, Apodytes, Platanus, Talauma, Dendrocalamus) and 14.0min (Pinus). 

Group 2 includes two subgroups each with two species with the base peak (Araucaria, 

Juniperus) or a strong peak (Picea, Buxus) at 44.3min, respectively (Table 1). For the groups 

two and three with four and five individual species, respectively, further detailed 

classification according to the individual species is possible, although the chromatogram of 

Talauma is very similar to those of Platanus. It is interesting to observe that not Pinus but 

Buxus follows the pattern of the more resinous rich order Coniferales. In contrast, the very 

old Araucaria still exhibits very clearly its membership in the order Coniferales. Furthermore, 

under thermal treatment of both thermovaporization and Curie-point pyrolysis, Dinizia 

releases the molecule with longest retention time. 
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Table 1. Individual wood standards investigated, total organic carbon content (TOC), hydrogen index 
(HI) and relative discrimination according to total ion chromatograms as analyzed by Curie‐point 

pyrolysis‐GCMS (BP=base peak, S= strong, w=weak) 
 

ref. #  botanical classification: species/order/family               
common name of species                                
origin of family: location/lowermost geologic age 

TOC (%)                  
HI (mg HC/gOC) 
TIC (retention time [ minutes]) 

  Group 1  BP at 54.7  

51298  Dinizia excelsa/Fabales/Fabaceae  
Dinizia Excelsa (trading name)                          
Amazonas basin/Late Cretaceous 

51.7                                               
279 
54.7 (BP)    longest retention time 

  Group 2a  BP at 44.3 

51291  Araucaria angustifolia/Coniferales/Araucariaceae 
Brazilian Pine, Paraná Pine          
southern hemisphere (“Gondwana)/late Palaeozoic  

48.5                                               
360 
44.3 (BP) 27.8 (S) 

51292  Juniperus virginiana/Coniferales/Cupressaceae 
Eastern Red Cedar                              
Eastern North America/early Mesozoic (?), Jurassic 

50.8                                               
354 
44.3 (BP) 46.3 (S) 

  Group 2b  S at 44.3 

51294  Picea abies/Coniferales/Pinaceae 
Norway Spruce                                          
Central Europe/early Mesozoic 

48.5                                               
376 
44.3 (S) 21.0 (BP) 

51297  Buxus sempervirens/ Buxales/Buxaceae 
Box Tree           
Europe, N Africa, W Asia/Early/Mid. Cretaceous 

49.7                                               
294 
44.3 (S) 17.6 (BP) 

  Group 3  BP at 26.9 

51300 
 

Fagus sylvatica/Fagales/Fagaceae 
European or Common Beech       
S Sweden to NW Turkey/Early Cretaceous 

48.8                                               
326 
26.9 (BP) 44.3 (S) 51.2 (w)  

51299  Drimys winteri/Canellales/Winteraceae 
Winter's Bark                
rain forests of Chile+ Argentina/Early Cretaceous 

48.6                                               
335 
26.9 (BP) 47.9 (w), UCM (20‐35) 

51296  Apodytes dimidiata (acutif./ Euasterids /Icacinaceae 
White Pear                                                              
South Africa/Paleocene 

47.9                                               
304 
26.9 (BP) 51.2 (w) 

51301  Platanus occidentalis/Proteales/Platanaceae 
Sycamore,  Planetree                                       
North America/Early Cretaceous 

49.1                                               
325 
26.9 (BP) 53.3 (w) 50.4 (w) 

51302  Talauma ovata/Magnoliales/Magnoliaceae 
Swamp Magnolia                                      
Brasil, Ecuador/Early Cretaceous 

47.8                                               
334 
26.9 (BP) no specific peak 

51303  Dendrocalamus hamiltonii/Poales/Poaceae 
Giant Bamboo                                             
China, Southeast Asia/Late Cretaceous 

47.6                                               
328 
26.9 (BP) 14.8 (S) 

  Group 4   

51295  Pinus sylvestris/ Pinales/Pinaceae  
Scots Pine                                                
Europe and Asia/early Mesozoic 

50.8                                               
349 
14.0 (BP) 20.9 (S) 
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Dissolved organic matter (DOM) is a heterogeneous, complex mixture of compounds 

with wide ranging chemical properties and diverse origins. It is well known to interact with 

pollutants and to affect their transport and their fate in aquatic environment, and plays a vital 

role in the global cycling of carbon. In this study, UV/visible absorbance, excitation emission 

matrix (EEM) fluorescence spectroscopy and asymmetrical flow field-flow fractionation have 

been used to characterize the properties of DOM in the Seine River watershed in order to 

estimate DOM sources as well as variability of DOM properties.  

Surface water samples were collected in November 2011 and in September 2012 from 

23 and 39 sites respectively including the Oise basin, the Marne basin, the Grand Morin basin 

and the downstream of the Seine River. After collection, all samples were immediately 

filtered through a pre-combusted glass fiber filter (GF/F 0.7μm; Whatman) and stored in the 

dark at 4°C. A Jasco V-560 spectrophotometer was used for UV/visible absorbance 

measurement. Fluorescence spectra were recorded using a Fluorolog FL3-22 SPEX – JOBIN 

YVON fluorometer. The samples, at natural pH, were placed in 1 cm quartz cuvette, 

thermostated at 20°C. All sample spectra were obtained by subtracting a blank spectrum 

(ultrapure water Milli-Q, Millipore) and were instrumentally corrected. When necessary, 

samples were diluted to avoid inner filter effects. The fluorescence data set was analyzed 

using PARAFAC DOMFluor toolbox in Matlab (Stedmon and Bro, 2008) which decomposes 

the complex data matrix into its main components. Asymmetrical flow field-flow 

fractionation (AF4) was used to partition constituents into a continuum of colloidal sizes. 

Samples were analyzed using a Wyatt Technology ECLIPSE AF4 system coupled to a UV 

detector (HP1200 series, Agilent) and a multi-angle laser light scattering detector (MALLS - 

DAWN TREOS, Wyatt Technology). 
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The UV–Visible absorbance spectra of all surface river samples decreased 

exponentially with increasing wavelengths. The spectral slope ratio SR (275-295 nm slope / 

350-400 nm slope) calculated from the spectra of UV-Visible absorbance is used to estimate 

the change in molecular weight of DOM with an inverse relationship between spectral slope 

ratio SR and DOM molecular weight (Guéguen et al. 2012). DOM fluorescence intensities 

showed significant qualitative and quantitative differences in colloidal organic material from 

the four areas. In addition, the ratios of fluorescence intensity to DOC concentration 

highlighted these regional variations as well as the ratios of these intensities (Iα’/Iα, Iβ/Iα and 

Iγ/Iα). Fluorescence indices, HIX (humification index) and BIX (biological autochthonous 

input index) (Huguet et al., 2009), also showed spatial variations in the quality of DOM.  

PCA analysis was run with the following variables: the 7 components determined by 

PARAFAC analysis, fluorescence indices (HIX, BIX, Iα’/Iα, Iβ/Iα and Iγ/Iα) and DOC. This 

PCA analysis allows us to distinguish three types of organic matter. The Seine basin is 

characterized by the strongest biological activity (certainly in connection with the presence of 

the “Seine-Aval” WWTP). DOM from the Oise basin seems to have more “humic” 

characteristics. Samples collected from the Marne basin are characterized by a third specific 

type of organic matter. Samples from the Grand Morin basin show DOM characteristics 

similar to those observed for the Oise basin samples, except for one sample. AF4 fractionation 

results are in good agreement with PCA results 

The application of UV/visible absorbance and EEM fluorescence spectroscopy 

coupled to PARAFAC and PCA analyses allowed us to discriminate between different 

sources of dissolved organic matter in the catchment of the Seine River and highlighted 

spatial variations of DOM quality. AF4 fractionation results confirmed the significant 

differences and the specific typologies observed for organic matter.  
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Quantification of diamondoids is routinely done by GC-MS or GC-MSMS analysis. 

These techniques allow selective separation of the diamondoids from the other components 

present in crude oils while avoiding, to a certain extent, co-elution of individual diamondoids. 

The major drawback of any of the mass spectrometric techniques is that the response factors 

of the individual diamondoids vary dramatically so they need to be determined using 

synthetic standards. Unfortunately synthetic standards of only a limited number of 

diamondoids are commercially available so that only a small fraction of the diamondoids can 

actually be quantified.    

Here we present a quantitative method based on comprehensive two-dimensional gas 

chromatography (GCGC) largely circumventing the problems mentioned above. We have 

designed a GCGC method that separates diamondoids from other components in crude oils 

and maximizes the separation between the individual homologous series and the major 

individual diamondoids (Fig. 1A). This allows for the direct quantification of the majority of 

diamondoids in crude oils by GCGC-FID without prior separation.  By comparing the signals 

of the GCGC-FID with a GCGC-HR ToF MS of a natural sample enriched in diamondoids, 

we were also able to determine absolute response factors of a large number of diamondoids 

where no synthetic standards are available. We are now able to accurately quantify even 

highly substituted diamondoids (at least up to C6) in whole oil samples and rock extracts even 

when present in low concentrations.  

To facilitate a (semi-)automated identification and quantification of the numerous 

diamondoids by GCGC-HR-ToF MS, we use in-house developed software that filters the data 

using various characteristics of the mass spectrum. By defining a combination of attributes of 

the mass spectrum it is possible to filter complete compound classes (Fig 1B-D), individual 

homologous series (Fig. 1E) and in some instances individual components (Fig. 1F), all 

independent of the GCGC-conditions.  
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Figure. 1A) TIC of a GCGC-ToF MS analysis of a condensate highly enriched in 
diamondoids, location diamondoids encircled; 1B) combined diamoindoid filter;  

1C) Adamantane Filter; 1D) Diamantane filter; 1E) C3-Adamantane filter; 
 1F) 2-Propyladamantane filter. 
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Due to its importance in the global carbon cycle, an improved knowledge in the 

chemical structure of soil organic matter (SOM) is required. However, its characterization at 

the molecular level remains challenging. Pyrolysis-GC-MS is one of the most commonly used 

approaches together with some specific degradations such as CuO oxidation. Although having 

led to major insights in the SOM chemical structure, these techniques show some limitations 

especially for the characterization of the most hydrophilic constituents and for yielding 

quantitative information. We are therefore developing a new approach based on microwave-

assisted hydrolyses. The dielectric heating provided by microwaves is based on the ability of 

some dielectric materials (i. e. electrical insulator that can be polarized by an applied electric 

field) to transform the electromagnetic energy into heat. Dipolar polarization plays a role in 

the dielectric heating. The rotation of molecules induced by the electric field leads to energy 

lost through intermolecular friction and collisions. 

The efficiency of this new approach is demonstrated here through the analysis of a 

sandy loam soil under pine trees using sequential microwave-assisted acid and base 

hydrolyses. The first step is to choose the most appropriate solvent for these hydrolyses. 

Acetonitrile (CH3CN) was selected because of its good polarizability along with a low 

microwave absorbing ability, so that microwave absorption by specific polar constituents of 

SOM can be expected.  

Soil samples were irradiated at 190°C for 3 minutes in 0.2M HCl/CH3CN and in 0.2M 

tetramethylammonium hydroxide (TMAH)/CH3CN. Hydrophilic and lipophilic fractions 

released upon microwave-assisted hydrolyses were analysed by GC-MS. After each 

hydrolysis, the residue was examined using Curie point pyrolysis (CuPy) and Curie point 

thermally assisted hydrolysis and methylation (CuTHM).  

 Microwave-assisted acid hydrolysis resulted in ca. 50% degradation of the soil, with 

glucose as the predominant hydrophilic extractable product. Amino acids and amino sugars 

were also detected. The lipophilic extract mainly consisted in lignin-derived compounds 

originating from the cleavage of arylglycerol--aryl ether linkages. CuPy of the acid residue 

confirmed the complete release of carbohydrates by microwave-assisted acid hydrolysis. 

However, CuTHM of this residue showed that part of lignin was still present after microwave-
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assisted acid hydrolysis. Microwave-assisted base hydrolysis resulted in ca. 10% degradation 

of the acid residue. Degradation products consisted mainly in cutin- and suberin-derived 

compounds. Minor amounts of lignin-derived compounds were also detected. CuTHM of the 

residue clearly shows that combined microwave-assisted hydrolyses is able to release the 

constituents of SOM in the same extent as pyrolysis does.  

Although more time consuming, microwave-assisted hydrolyses affords quantitative 

and qualitative data (nature of constituent monosaccharides and amino acids) which cannot be 

obtained through pyrolysis. 

 

 

 
Figure 1. NMR and Cu THM of the starting soil organic matter and its residues after acid 

(HCl) and base (TMAH) microwave-assisted hydrolyses 
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1. INTRODUCTION 

Peat is described as a layer of organic substance which undergoes extremely slow 

decomposition and humification due to low aeration and constant saturation of the 

environment with water throughout the year. Little has changed in the production of humic 

acids since they were first extracted from peat back in the 18th century. Today different humic 

compounds are extracted by means of peat oxidation in alkaline conditions, mostly using 

increased temperature, pressure or other processing methods. The simplest humic substance 

extraction process takes place in a water-alkaline environment under forced aeration and 

temperature. The alkaline extract output rate increases with temperature until a certain limit is 

reached; exceeding this limit causes destruction of organic substances. Potassium, sodium and 

ammonium humates are obtained in this manner.  

 

2. MATERIALS AND METHODS 

 A technologically more advanced process involving oxidative-hydrolytic 

transformation of organic peat substance in a nitrogenous environment (NH4OH) was used to 

obtain a new type of humic compounds. Oxidants (Н2О2), increased temperature (up to 100-

150оС), pressure, and a number of other process parameters were also employed. The process 

occurred within specially designed equipment (autoclave-type) with a 10 m3 reactor.  

 One of the features of organic peat substance oxidation in a nitrogenous environment 

is the oxidation-related ammonolysis process. The mechanism of organic compound oxidation 

with oxygen is most accurately described by Bach’s peroxide theory and the radical-chain 

process theory.  

 

3. RESULTS AND DISCUSSION 

 The researchers were able to bind some nitrogen, primarily in the ammonium and 

nonhydrolized forms, as a result of peat treatment with ammonia. It was determined that 

ammonium binding was an oxidation reaction. Organic substances from the phenolic series 
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bind nitrogen by means of phenolic hydroxyl. However, when target reaction conditions are 

changed and temperature in the peat/ammonia environment is increased, oxidation reactions 

are gradually replaced by an ammonolysis process. In this case, ammonolysis is treated as a 

free radical process which also involves NH2 radicals. It was observed that the NH2 radical 

creation rate increased in the presence of oxygen. Under certain conditions their concentration 

may rise, and various compounds including hydrazine, hydroxylamine, molecular nitrogen 

and its oxides may appear in the reaction products. In these conditions nitrogen contained in 

the organic substance is bound not only on the periphery, but also in the heterocycles. Such 

technology allows increasing the nitrogen content in the organic substance up to 20% and 

above. Physiologically active aromatic compounds of the indole series similar to natural 

auxins and cytokinins were formed as a result of the reaction.  

 The resulting products of peat transformation have passed both laboratory and field 

tests and have been registered as Stimulife liquid organomineral fertilizer. Stimulife is 

designed to be used for plant growth and development control in cultivation of agricultural, 

medicinal, decorative and forestry crops (1,2).  

 

4. CONCLUSIONS 

 The new Stimulife agricultural chemical (humic compound) was developed based on 

humification process modeling under controlled process conditions, and is manufactured by 

ARI (Agrophysprodukt, LLC) using oxidative peat ammonolysis. Application of Stimulife in 

optimum concentrations during the target plant growth and development phases in a number 

of vegetable, forage and industrial crops as well as potatoes allowed increasing the yield by 5-

15% compared to the relevant baseline and improving the product quality (1,2).  
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Analytical developments introduced in the last decade to secondary ion mass 

spectrometry have increasingly promoted the direct analysis of organic molecules in 

biological materials without the need for previous liquid extraction. Consequently recent 

time-of-flight secondary ion mass spectrometry (ToF-SIMS) instruments allow identifying 

organic compounds and imaging their distribution in biological materials with sub-

micrometer lateral resolution. 

Here we used ToF-SIMS to study the distribution of lipid biomarkers directly within 

cryosections of a microalgae-harbouring microbial mat. Identification of lipid biomarkers was 

confirmed by the analyses of corresponding microbial mat extracts with ToF-SIMS and 

GC/MS, and commercially available standard compounds. The areas analysed by ToF-SIMS 

were subsequently investigated by optical microscopy to identify the source organisms of the 

lipid biomarkers. 

Lipids and pigments including fatty acids, mono-, di-, and triacylglycerols, intact polar 

lipids, carotenoids, and chlorophyll were detected in the microbial mat. Ion images obtained 

from the cryosections revealed that even numbered C14 to C20 fatty acids were localized with 

microalgae cells identified as the diatom Planothidium lanceolatum. In addition, generating 

spectra of individual microalgae cells showed that these cells contained carotene, fucoxanthin, 

chlorophyll and different acylglycerols. 

Our study demonstrates the utility of ToF-SIMS, when used in conjunction with the 

traditional extract-based techniques and microscopy, for the clear cut assignment of 

biomarkers to specific microorganisms, and supports ToF-SIMS as a novel and useful 

technique for lipid biomarker related research in organic geochemistry. 
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Determine the presence and distribution of petroporhyrins in crude oils is important in 

the petrochemical industry since petroporphyrins indicate the maturity of a crude oil. 

Moreover, petroporphyrins can contain different metals such as V or Ni, which can affect 

upgrading and conversion processes of crude oils. In this work, the petroporphyrin 

distribution in six different crude oils was evaluated. Due to the compositional complexity of 

the samples and the low concentration of these molecules, the crude oils were previously 

fractionated in saturate, aromatic and polar fractions. Afterwards, the polar fraction was 

analyzed using an ultrahigh-resolution time-of-flight (TOF) mass spectrometer (HRT) with an 

innovative multireflecting “zig-zag” design and refocusing strategy for minimal loss in ion 

transmission. The obtained results indicated a different distribution of demetallo- and 

metalloporphyrins depending on the crude oil type. Therefore, HRT operating with an 

ultrahigh resolving power (Rp of 100 000 at m/z 400) was found to offer a fast, accurate, 

sensitive and cost-effective analysis suitable for petrochemical samples, being an alternative 

analytical technique to Fourier Transform Ion Cyclotron Resonance (FT-ICR) Mass 

Spectrometry, extensively used in petroleomics applications.1-6 
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Bacteriohopanepolyols (BHPs) provide the possibility of tracing the presence of 

bacterial organic matter within the carbon cycle. However, it is still largely unknown whether 

the suite of functionalized BHPs found in marine sediments derives from the continents or 

represents remnants of the oceanic bacterial population and whether they are intentional 

biosynthetic or diagenetic products.  

To shed light onto these questions, we present combined compound-specific Δ14C, 

δ13C, and δD data of various functionalized BHPs extracted from marine core-top sediments 

from a range of environmental settings over climatic and depositional gradients. BHPs were 

purified using a newly developed multi-step (reverse and normal phase) UHPLC-MS method 

allowing for the separation of previously co-eluting BHPs. Identification, quantification, and 

fraction purity were checked by HPLC-Q-TOF. Isotope concentrations were obtained by gas 

ion source AMS (Δ14C) and GC-IRMS (δ13C and δD of cleaved BHPs). We compare the BHP 

isotopic compositions with published latitudinal patterns of Δ14C for terrestrial biomarkers, 

and δD for meteoric water and seawater (Figure 1) allowing us to distinguish marine and 

exogenous BHPs and use the δ13C and δD isotopic compositions to differentiate autotrophic 

and heterotrophic origins. 
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Figure 1.  Samples used in this study and latitudinal patterns of precipitation and seawater δD 

and terrestrial biomarker Δ14C. 
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Peat soils have a high C content (>50%) and are extensive, covering 1.2 % of the 

global ice-free area, 3.46 x 106 km2 in the arctic/tundra and 0.36 x 106 km2 in the tropics.  

The balance between C storage in and release from peat is shifted to the latter by increased 

temperature and drying.  Carbon balance in peat soils is, therefore, liable to change because: 

peats can be improved to extend agriculture, they are susceptible to pollution impacts and/or 

are in higher latitudes where global warming has greatest impact (Gorham, 1991). Much 

work has, therefore, been done to estimate CO2 and CH4 fluxes from peatland. Such 

measurements are required to guide restoration/land management locally but are also 

interpolated spatially to estimate global fluxes and extrapolated temporally to predict fluxes 

under future climate. 

This work quantifies GHG emissions from the upland peats of the Southern Pennines 

(UK) which are a patchwork of pristine through to heavily eroded peat (Evans et al. 2006).  

Quantification serves three purposes: to guide ongoing remediation locally, to increase the 

spatial resolution of the current global peat emission dataset and to simulate emissions under 

future climate when drying and associated erosion (Nearing et al. 2004) are expected.   

There are broadly two methodologies for quantification of GHG production from 

peat; by deduction from analysis of changes in the residual solid material, or directly by 

monitoring gas emissions from in-situ and ex-situ peat.  This work uses new techniques – Py-

GC-MS and continuous in-situ in-borehole gas monitoring - to try and overcome some of the 

difficulties associated with each of these methodologies.  Comparison of these techniques 

also allows a critical further aim: to determine the uncertainty in quantification of GHG 

fluxes arising from the method of measurement. 

The scheme of Vancampenhout et al. (2009), in which Py-GC-MS outputs are 

assigned to 6 compound classes, was shown to be suitable for the peats studied.  The relative 

amounts of these 6 classes were shown to be relatively invariant with depth in a 2m core.  

The in-situ depth invariance suggests that either GHG emission had been very low since 

deposition of the peat (6-8k years) or the degradation had been congruent.  The latter 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 171 -



possibility was eliminated because when degradation was accelerated in an ex-situ incubation 

of peat slurry its composition clearly changed within 6 months.   

GHG, production from ex-situ incubation of peat monoliths from different depths and 

sites under conditions assumed to model present day (anaerobic, 10 oC average temperature), 

were for CH4, 0.0 – 46 mMol t-1 d-1 which was similar to the 48 mMol t-1 d-1 recorded by 

Krumholz et al. (1995), and for CO2, 25-46 mMol t-1 d-1.  Assuming the highest of these gas 

production rates of 46 mM t-1 d-1 for both CH4 and CO2 the annual loss of peat mass would be 

0.1% if no C was being fixed.  Whilst this loss did not result in significant change in 

composition over the 309 d period of the experiment, over 100 years change in composition 

seems likely as 10% of peat mass would be lost.   

The two general methodologies suggest very different rates of GHG emission.  In-situ 

monitoring shows in part why these differences occur; variability in gas production was 

observed and shows that ex-situ simulations are not representative of field conditions.  

Therefore, it seems reasonable to increase the uncertainty applied to measurements made in 

this way.  
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Archaeal and bacterial glycerol-dialkyl-glycerol tetraether (GDGT) lipids are 

ubiquitous in sediments and have been widely employed as paleoceanographic proxies. While 

current GDGT applications are based on relative distributions, these lipids have the potential 

to be powerful biogeochemical tools when combined with isotopic analyses. However, 

accurate mass balance approaches require methods for absolute quantification. The current 

quantification method requires a C46 internal GDGT standard, which is calibrated against a 

known quantity of pure, authentic GDGT (Huguet et al. 2006). We have prepared pure GDGT 

standards for absolute quantification of GDGTs and plan to make them available to the 

international scientific community.  

Two samples have been chosen for standard development based on organic matter 

sources and preservational conditions. Salt Pond, a seasonally stratified marine analog, 

contains branched-GDGTs and intact-GDGTs preserved in anoxic bottom waters. Carolina 

Margin, a permanent oxygen minimum zone with oxic bottom waters, contains abundant 

archaeal core-GDGTs. A suite of core- and intact-GDGTs in these samples has been fully 

characterized using Ultra-High Resolution quadrupole time-of-flight mass spectrometery. 

We have isolated individual GDGTs using silica gel columns, and normal and reverse 

phase high performance liquid chromatography (HPLC). Individual compounds will be 

characterized isotopically (δ13C, Δ14C, δD); mass spectrometrically; and by 1H, 13C, and 

heteronuclear NMR. This project aims to assist the chemical and paleoceanographic 

communities through improved assessments of the TEX86, BIT, and MBT/CBT proxies; and 

through the ability to standardize biogeochemical measurements of GDGT distributions and 

isotopic compositions. 
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Figure 1.  Silica gel columns, preparative scale HPLC fraction collecting, final colourless 
compound (left); Preliminary separation of GDGTs (right). 
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Many biomolecules synthesized by terrestrial plants only originate from a restricted 

number of plant taxa. Therefore, they bear chemotaxonomic information and could serve as 

specific plant markers. Most of these compounds are mainly represented by terpenoids, which 

could be rather well preserved in sedimentary rocks throughout geological times. Their 

taxonomic information is thus partially or totally retained. So, the distribution of vascular 

plant biomarkers preserved in sedimentary rocks can be used as a proxy for terrestrial 

palaeofloral and palaeoclimate assessments. Thus, botanical palaeochemotaxonomy presents 

relevant applications for palaeoenvironmental purposes but can be also be useful for 

environmental and archaeological issues. 

 However, our knowledge on botanical palaeochemotaxonomy is still incomplete, and 

could not allow to consistently link each identified geomolecule to a plant taxon yet. 

Difficulties are related to 1) the extrapolation of acquired information from extant plants to 

their fossil representatives and 2) the scarcity of well-preserved and identifiable fossils. In 

order to fill these gaps, we used an experimental technique based on artificial maturation of 

extant plants by confined pyrolysis at 280°C and 700 bars during 24 hours. Each species was 

pyrolyzed, with and without an reducing agent (LiAlH4), in order to produce saturate, 

aromatic and still functionalized geoterpenoids from plant bioterpenoids (Hautevelle et al., 

2006).  

 The aim of this study is to clarify the palaeochemotaxonomy of vascular plants like 

conifers by 1) determining the molecular signature of each conifer family and 2) evaluating 

the inter and intra-generic differences within each conifer family. 69 conifer species 

belonging to the 7 extant conifer families (Araucariaceae, Cupressaceae, Pinaceae, 

Podocarpaceae, Sciadopityaceae, Taxaceae and Taxodiaceae) were submitted to artificial 

maturation.  
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Araucariaceae are characterized by the remarkable predominance of saturated 

tetracyclic diterpanes including ent-beyerane, phyllocladanes and ent-kauranes. Many 

sesquiterpenoids (cadalanes, bisabolanes, eudesmanes) present relatively high abundances. 

Pinaceae are characterized by their abundance in tricyclic terpenoids like abietanes and 

pimaranes. Polar abietanes are mainly represented by dehydroabietic acid and dehydroabietol. 

Tetracyclic diterpenoids are absent. Saturated megacyclic diterpanes, like cembranes, 

characterize several Pinaceae genera like Larix, Pseudotsuga, Picea and Pinus. 

Cupressaceae and Taxodiaceae (both belong to the Cupressaceae s.l. family) show 

some similarities. Specific sesquiterpenoids like cedranes, and diterpenoids like phenolic 

abietanes, saturated tetracyclic diterpenoids (phyllocladane and kaurane) are detected in most 

Cupressaceae s.l. species. Other compounds like cuparene, totaranes/sempervirane and ent-

beyerane are mostly present in Cupressaceae than in Taxodiaceae species. Moreover, the 

presence of cembranes characterizes the Calocedrus genus. 

Taxaceae is distinguished from the other families by its scarcity in terpenoids, except 

for Torrey nucifera. However, common sesquiterpenoids like cadalanes, bisabolanes, as well 

as diterpenoids like abietanes and pimaranes are identified in most species. 

Other families like Podocarpaceae and Sciadopityaceae show some similarities by the 

presence of tri- and tetracyclic compounds. Totaranes and semperviranes are present in 

relatively low abundance in Podacarpaceae. Cedranes, which are reported in Sciadopityaceae 

in the literature, are not detected in pyrolyzed Sciadopityaceae. 

Palaeochemotaxonomic data obtained via artificial maturation completes the pre-

existing knowledge in palaeochemotaxonomy. More details concerning the inter- and intra-

generic differences are evaluated in this study. Tracing of the diagenetic pathways of major 

sesqui- and diterpenoids helps to overcome difficulties related to the extrapolation of 

chemotaxonomic information from extant conifer to its fossil counterpart. These data could be 

further directly used in palaeoenvironmental, environmental and archaeological research.  

 

REFERENCES : 
 
Hautevelle, Y., Michels, R., Lannuzel, F., Malartre, F., Trouiller, A., 2006. Confined 

pyrolysis of extant land plants: A contribution to palaeochemotaxonomy. Organic 
Geochemistry 37, 1546-1561. 

 
 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 176 -



A METHOD COMPARISON TO INFER CHARRING TEMPERATURE, 
AROMATICITY AND THE DEGREE OF AROMATIC CONDENSATION OF  

PYROGENIC CARBON 
 

Daniel B. WIEDEMEIER1*, Samuel ABIVEN1, William C. HOCKADAY2, Marco 
KEILUWEIT3, Markus KLEBER3, Lacey A. PYLE4, Caroline A. MASIELLO4, Anna V. 
McBEATH5, Peter S. NICO6, Maximilian P. W. SCHNEIDER1, Ronald J. SMERNIK5, 

Guido L.B. WIESENBERG1 and Michael W. I. SCHMIDT1 

 
 1. Physical Geography, University of Zurich, Switzerland 

 2. Geology Dept., Baylor University, U.S.A 
 3. Dept. of Crop and Soil Science, Oregon State University, U.S.A 

 4. Dept of Earth Science, Rice University, U.S.A 
 5. School of Agriculture, Food and Wine, University of Adelaide, Australia 
 6. Earth Science Division, Lawrence Berkeley National Laboratory, U.S.A 

*) Corresponding author: daniel.wiedemeier@geo.uzh.ch 
 

Fire-derived, pyrogenic carbon (PyC) is a persistent organic carbon (OC) fraction with 

a slow turnover in the environment because it is relatively resistant against chemical and 

biological degradation (Schmidt et al., 2011). It thus represents an important carbon fraction 

with a sequestration potential in the global carbon cycle. PyC is naturally produced on a large 

scale during wildfires and anthropogenically in the form of biochar, when organic waste is 

charred.  

Aromaticity and the degree of aromatic condensation are two main quality properties 

of PyC that probably largely determine its persistence against degradation. The two properties 

are theoretically dependent on charring conditions, such as charring temperature, charring 

time or feedstock (Lehmann and Joseph, 2012). 

In this study, we used four different feedstocks and two different charring procedures 

to produce a thermosequence of 38 chars, ranging from 100 – 1000° C. The chars were then 

analyzed with seven different state-of-the-art methods: solid state 13C nuclear magnetic 

resonance (13C NMR), diffuse infrared Fourier transform spectroscopy (DRIFT), X-ray 

diffraction (XRD), synchrotron-based near-edge X-ray absorption fine structure analysis 

(NEXAFS), benzene polycarboxylic acid analysis (BPCA), polycyclic aromatic hydrocarbon 

analysis (PAH), and pycnometry. Aromaticity was inferred by using characteristic parameters 

of these methods that are consistent with the theoretical framework (e.g. percentage of total 

signal in the aromatic region of 13C direct polarisation NMR, a ratio of aromatic versus 

aliphatic regions in DRIFT or the ratio of total BPCA yield to OC content). Similarly, the 

degree of aromatic condensation was assessed by either using different parameters of the 

mentioned methods (e.g. the ratio of B6CA to total BPCA yield), by using modified methods 
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(e.g. measuring the NMR chemical shift of 13Cbenzene sorbed to the chars), or by using different 

methods per se (e.g. pycnometry). 

By means of multivariate statistical methods, aromaticity and the degree of aromatic 

condensation could successfully be linked to charring temperature because characteristic 

patterns of the two properties could be observed by some of the methods throughout the 

whole thermosequence. Moreover, we show which methods are most suitable for a quality 

assessment of PyC and discuss their advantages and limitations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Different methods that were identified to show aromaticity and the degree of 
aromatic condensation of PyC, respectively. The different measures were standardized and 

subsequently the median was taken over all feedstocks for each HTT (n = 2 – 4 for each data 
point). The gray bars indicate the main trend of the methods that are in line with conceptual 

thermodynamic models for aromaticity and the degree of aromatic condensation. 
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Raman Spectroscopy is a valuable tool for characterising kerogen in sedimentary 

environments. It has long been used to characterise graphite and partially-crystalline organic 

matter (OM) as a means of interpreting metamorphic rocks (Beyssac et al., 2003), however 

the heterogeneous nature of sedimentary samples provides added complexities. Several 

spectra must be collected from each sample to fully characterise the heterogeneity, and then 

analysed rapidly and precisely. Here we present a semi-automated procedure for collecting 

and analysing spectra from samples in a range of sedimentary settings (Sparkes et al., 2013). 

Samples were collected as loose sediment, or produced by grinding rock fragments 

into a fine powder. Comparative analysis shows that these two methods produce equivalent 

spectra – short-period grinding does not introduce significant disorder into the OM. These 

spectra were then processed using a computational procedure that was a) faster than manual 

curve-fitting and b) free from subjectivity during curve selection. Depending on the degree of 

crystalline disorder, one of two automated peak fitting procedures was applied, which allowed 

for rapid processing of large datasets (Beyssac et al., 2003; Lahfid et al., 2010). For very 

disordered OM, Lorentzian profiles were fitted to five characteristic peaks, for highly-

graphitized material three Voigt profiles were fitted. Peak area ratios and peak width 

(FWHM) measurements were used to classify each spectrum and allow easy comparison 

between samples.  

Results are presented from a modern ocean island (Taiwan), ancient mountain belts 

(Pyrenees and Apennines) and an Arctic shelf setting (East Siberian Sea). In each of these 

locations, particles of organic matter can be used to track sedimentary processes, on land and 

in the ocean, without having to resort to geochemical proxies.  

Carbon eroded from different areas of Taiwan can be seen mixed together and 

deposited in the offshore flood sediments, and both graphite and amorphous-like carbon have 

been recycled from terrestrial to marine deposits. In the Pyrenean and Apennine mountain 

belts, exhumation and erosion of material from basement rocks can be seen, and offshore 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 179 -



sorting and distribution patterns investigated. In the Arctic Ocean it can be shown that 

oxidation-resistant OM, including graphite crystals, can survive being transported 100s of km 

offshore onto a shelf where less resilient OM is readily remineralised. 

 

 

Figure 1. Example spectra collected in Taiwan, showing how a combination of calculated 
metamorphic temperature (based on peak areas) and total peak widths can be used to classify 

OM into different categories. 
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The identification of individual molecular constituents within complex organic 

mixtures of petroleum and sediment solvent extracts can explore a large amount of 

geochemical information [1, 2]. A large hump was founded in the chromatograms of GC for the 

extracts of black shale, which sampled from the Xiamaling formation, Qingbaikou system, 

North China. The sample was further analyzed by comprehensive two-dimensional gas 

chromatography coupled with time of flight mass (GC×GC/TOFMS) to know more about the 

UCM. A comparative study was conducted by using two different experimental conditions, 

which include normal phase column system (non-polar × polar) and reversed phase column 

system (polar × non-polar).  

The results suggested that the composition of the UCM appearing on the 

chromatogram of GC for the analysed black shale are mostly kinds of C10~C25 hydrocarbons, 

which are included normal and branched alkanes, cycloalkanes and aromatics (benzene, 

naphthalene and biphenyl).  The separation of the branched alkanes and cycloalkanes in 

UCM were showed in the GC×GC contour chromatogram using characteristic ions 113, 84 

and 137 under two different column systems (Figure. 1). Comparing the normal column 

system, a bigger retention time difference was on the 2nd column for each compound when 

using the reverse phase column system, which means it having a higher separation. In 

conclusion, the reverse phase column system has unique advantages on the identification of 

UCM by GC×GC/TOFMS, especially on medium-low molecular weight isoalkanes and 

cycloalkanes.  
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Figure. 1 GC×GC-TOFMS contour chromatograms showing separation of UCM.   
a: Separation of branched and cycloalkanes under normal column system; b: Separation of 
branched and cycloalkanes under reversed column system; c: TIC of UCM for the normal 

column system; d: TIC of UCM for the reversed column system. 
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Volatile fatty acids (VFA) such as formate, acetate, propionate and butyrate represent 

important intermediates in the anaerobic degradation of organic matter by microorganisms 

(Capone and Kiene, 1988). Knowledge on the concentrations and fluxes of these substrates, 

which are both end products and energy substrates of microbial metabolism is a key factor to 

determining energetic limits of sub-surface life and constraining the spatial extent of the so-

called deep biosphere (Hoehler, 2007). Over the past 3 decades, numerous studies have 

quantified VFAs in marine pore water (e.g. Sansone and Martens, 1982; Shaw et al., 1984). 

The main problem hampering these analyses until today is that VFAs are only present in 

minor concentrations within a matrix containing large amounts of inorganic anions (mainly 

chloride). These inorganic anions interfere with analytical methods to determine VFAs and 

result in low detection sensitivity. Several attempts have been made to overcome this problem 

by separating VFAs from the background matrix, e.g. by distillation procedures (Parkes and 

Taylor, 1983) or derivatization techniques (Albert and Martens, 1997). These methods were 

able to lower the detection limits. However, they require time-consuming sample pre-

treatment that substantially lower the sample throughput. As a result, a number of important 

questions, such as the potential occurrence of different pools of acetate of different bio-

availability in sediments (Parkes et al., 1984) have never been clearly answered. 

 

We now use a novel combination of 2-dimensional ion chromatography (ICS 3000, 

Thermo Scientific) with mass spectrometry (MSQ PLUS, Thermo Scientific) (2D IC-MS) that 

enables the qualification and quantification of several VFAs directly within marine pore water 

samples without sample pre-treatment. Hereby the 1st chromatographic dimension is used to 

separate the organic compounds from inorganic background ions (mainly chloride). A 

window in the retention time of the bulk organic acids is cut-out of the 1st dimension and 

trapped onto a 2nd column. This column is used to separate the VFAs by use of a different 

eluent concentration. The separation of ions on the individual column is monitored by a 
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conductivity detector for each column. Quantification of VFAs is then achieved by a mass 

spectrometer coupled to the second-dimension-column using individual single ion monitoring 

(SIM) channels, to achieve maximal sensitivity. Remains of inorganic ions on the 2nd 

dimension are excluded from the mass spectrometer. Detection limits are generally in the 

lower ppb range depending on individual sample salinity. For example, in marine pore waters 

with up to 35 g/L salt the detection limit for acetate is around 1 µM. Analysis time is about 36 

min per sample resulting in a sample throughput of more than 35 samples per day. 

In a first case study, we applied our novel procedure to pore water samples obtained 

from surface and sub-surface sediments of Aarhus Bay (Denmark). 
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Microfossils (palynomorphs) such as scolecodonts (jaws of ancient polychaetous 

annelids), prasinophytes (green algae), pollen and spores are known to be composed of very 

resistant naturally occurring organic materials. Scolecodonts are acid-resistant and were 

claimed to be made up of chitin which, however, could not be detected in an IR / Curie-Point-

Pyrolysis-GC-MS study (Dutta et al., 2010). Prasinophytes are abundant in many oil-prone 

source rocks. They mainly consist of algaenan, a network of polyunsaturated fatty acids 

(Versteegh and Blokker, 2004). Pollen and spores are widespread in sediments since 

Ordovician. Their main constituent is a macromolecular material called sporopollenin, which 

is suggested to be composed of long-chain n-alkanes with cinnamic acid substitutes (e.g. van 

Bergen et al., 2004, de Leeuw et al., 2006).  

The characterization of organic matter in microfossils is challenging due to their 

insolubility in most organic solvents, and due to their small size. Pyrolysis is one method to 

gain insights into the chemical composition of this macromolecular material. However, the 

analytical results and information derived from this approach is highly dependent on pyrolysis 

temperatures.  

In this study Curie-Point-Pyrolysis-GC-MS similar to Philp, 1982 and Laser-

Pyrolysis-GC-MS similar to e.g. Greenwood et al. 2001 were applied to various microfossils 

(Late Carboniferous megaspores, Mid Devonian prasinophytes, Late Paleozoic scolecodonts) 

and Baltic amber (Miocene). Sporopollenin from Lycopodium (Polysciences Inc., Lot#504496) 

was chosen as modern material.  

Curie-Point-Pyrolysis-GC-MS is an ideal method to obtain defined, well reproducible 

results that allows to accurately set the pyrolysis-temperature. Laser-Pyrolysis-GC-MS is a 

useful method to analyze samples of very small size, and is able to obtain spatially resolved 
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geochemical information. However, the absolute temperatures induced by the laser beam can 

only be estimated, since color and surface structure of the samples have significant bearing on 

the coupling of the laser beam with the material to be pyrolysed.  

This study shows qualitative and semi-quantitative differences in the results of these 

two approaches, depending on the sample material itself as well as on applied pyrolysis 

temperature (Fig.1). Various peak ratios (e.g. aromatics vs. aliphatics, aliphatics vs. O-

containing compounds) were used for comparison. It is important to consider analytical 

conditions to ensure the comparability with previously published data.  

  

Figure 1. Three gas-chromatograms of Carboniferous megaspores pyrolysed at different 
temperatures. 
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Asphaltenes can exist in the form of nanoaggregates in crude oils and organic solvents 

such as toluene (Andreatta et al., 2005). However, the uncertainties in their aggregation 

properties have been difficult to assess (Gawrys and Kilpatrick, 2005; Mullins, 2010; Khalil 

et al., 2012). High-precision ultrasound resonance spectroscopy is used for fast and non-

destructive measurement of the ultrasonic velocity in small samples; here the technique was 

used to analyse asphaltene aggregation in toluene solution over the concentration range 0.006 

to 2.3 mg/L. As the concentration is varied, we observe a marked transition in the speed of 

sound (Fig. 1) in each solution which we associate with the onset of asphaltene 

nanoaggregation, as suggested by Andreatta et al. (2005). The critical nanoaggregation 

concentration (CNAC) for the asphaltenes was calculated as the transition point in the speed 

of sound plotted as a function of asphaltene concentration (Fig. 1). The preliminary results 

obtained from n-hexane isolated asphaltenes from a range of non-biodegraded to biodegraded 

crude oils from around the world (North America, Serbia and Nigeria) indicate that 

asphaltene nanoaggregate formation is a gradual process and that the CNAC, at 25 oC, lies 

within a range of approximately 40 mg/L to 200 mg/L. We then extended our analysis over a 

temperature range of 10 to 70 oC and preliminary results suggest that the CNAC increases 

with temperature. The implications of these results will be described in the presentation. 
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Figure 1. Speed of sound vs. asphaltene concentration in toluene at 25 oC 
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Phospholipids (PLs) consist of phosphate-based head groups, a glycerol backbone, and 

different hydrophobic chains that link to the glycerol via ester or ether bonds. They are major 

constituents of microbial cell membranes and may provide chemotaxonomic information (e.g. 

Fang et al., 2000; Sturt et al., 2004). Decomposing rapidly after cell death (White et al., 1979; 

Harvey et al., 1986), PLs are ideal indicators of living microorganisms and can be used to 

assess the total microbial biomass and microbial communities in the deep biosphere. However, 

few studies have successfully identified PLs in deep marine subseafloor sediments by high 

performance liquid chromatography-mass spectrometry (HPLC-MS; Zink et al., 2003; 

Fredricks and Hinrichs, 2007), partly because the organic matrix in lipid extracts causes ion 

suppression during electrospray ionization (ESI) and additionally prevents concentrating the 

sample to levels required for the detection of trace PLs. 

Here, we present a new and simple workup procedure that significantly improves the 

detection of PLs. The method is based on HybridSPE-Phospholipid cartridges (Supelco, 

Munich, Germany), which are packed with zirconia-coated particles and exhibit selective 

affinity to PLs on the basis of Lewis acid-base interaction. Our tests showed that authentic 

ester- and ether-bond PL standards with different head groups and side chains were 

selectively separated with the cartridge, with recoveries being 5-60% higher than those 

achieved by conventional silica gel columns (Mills et al., 2006). When loaded with total lipid 

extracts (TLEs) from sediment samples, the cartridge did not retain the majority of organic 

compounds, thereby resulting in a relatively matrix-free PL fraction that could be further 

concentrated for injection. Noticeably, when we used the cartridge to clean up TLEs spiked 

with PL standards, the signal intensities of PLs were improved by 2-15 times compared to the 

non-treated controls. An application using this approach showed significant enhancement of 

PL signals in a sediment sample from the Black Sea (Fig. 1). The PLs pattern identified in the 

treated sample (Fig. 1b) was largely obscured in the untreated TLE (Fig. 1a), indicating the 
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great efficiency of our method in reducing the interference from sample matrix. Our ongoing 

work includes application of the method to characterize oil-bearing sediment from the 

hydrothermal field of the Guaymas Basin. This new method holds great potential for 

identifying signals from active microbes in the deep biosphere. 

 

Figure 1. LC-ESI-MS density maps (m/z 200-1500) of TLE and PL fraction from a marine 
sediment sample from the Black Sea (390-405 cmbsf, TOC 4.37%, ~ equivalent of TLE from 

0.2 g sediment injected) before (a) and after (b) purification with our clean-up method. 
(Abbreviations: PC, phosphocholine; PE, phosphoethanolamine; PME, phosphatidyl-(N)-

methylethanolamine; DAG, diacylglycerolipids; DEG, dietherglycerolipid; IS, internal 
standard). Note the strongly increased detection of PLs as well as the removal of highly 

abundant compounds at lower retention times < 6 min after clean-up. 
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One of the most common methodologies in the study of lignins in soils is alkaline 

CuO oxidation [1]. This method allows quantification of the released lignin-derived phenols, 

however, it is time-consuming and requires previous derivatization before GC. In order to 

compare the information on lignin composition provided by current routine techniques used 

on soil humic acids (HA), this research compares molecular assemblages obtained from 16 

HA samples by using either CuO degradation, or analytical pyrolysis (Py), as well as a non-

destructive technique such as infrared (IR) spectroscopy.  

The HAs were extracted from 16 Mediterranean soils of central Spain. The alkaline 

CuO degradation [2] was applied to 30–50 mg of purified HAs. The digests were extracted 

with ethyl acetate, silylated with BSTFA and quantitatively analyzed by GC (FID detector). 

Cumulative concentrations of guaiacyl (G), syringyl (S) and cinnamyl (C) lignin units were 

calculated. On the other hand, Py-GC/MS applied to HA samples (0.5–1 mg) also released 

characteristic lignin-derived methoxyphenols of the G- and S-type [3], and the corresponding 

CG peaks were referred to the total ion chromatographic area. Finally, the second derivative 

IR spectra (4000 to 400 cm–1) showed the variable intensity of the lignin band pattern in the 

HAs. The normalised intensities of IR bands ca. 1460 cm–1 (asymmetric C–H bending in G 

and S –OCH3 groups), 1420 cm–1 (G and S aromatic –OCH3 bending), were employed as 

surrogates of the total lignin amounts, and the intensities of the bands at 1330 cm–1 and 1270 

cm–1 were used for the identification of S and G groups respectively [4]. 

The results of the three analytical procedures were compared by linear regression 

models. The concentration of lignin-derived compounds obtained by the CuO degradation, 

expressed as the G+S+C sum (mg·g–1 HA), showed significant (P< 0.05) correlation with the 
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pyrolysis results (integrated area of G+S phenols) as well as a very significant correlation (P< 

0.01) with the intensity of IR bands both at 1460 and 1420 cm–1 (Figure 1a and 1b).  

 

Figure 1. Linear regression between data from CuO degradation, pyrolysis and IR 
spectroscopy. Inner and outer curved lines show 95% confidence and prediction limits, 

respectively. 
 

The S/G ratio of the studied HAs ranged from 0.71 to 1.85 with an average of 1.18 in 

the case of CuO oxidation. This ratio was also determined from Py and IR data, showing 

values from 0.17 to 0.71 for pyrolysis data, and from 0.15 to 0.96 from IR band intensities. In 

the pyrolysis case, this deviation was explained as the higher resistance to degradation of G-

lignin domains as regards S-structures, the latter released in higher proportions by pyrolysis 

than by CuO. Concerning S/G ratios from IR data, the deviation was explained as a weak 

specificity of the bands at 1330 cm–1 and 1270 cm–1 for S and G units respectively. However, 

outstanding correlation (P< 0.01) was found between S/G ratios from CuO and pyrolysis 

(Figure 1c). 

Our results suggest that although alkaline CuO degradation method is probably the 

most accurate technique to study the lignin signature in HAs, analytical pyrolysis provides 

similar qualitative information, requires smaller sample amounts and avoids time-consuming 

pre-treatments or derivatisations. The IR spectroscopy has different limitations, but it also 

allows comparative analyses between samples as a first classification criterion in terms of the 

lignin pattern in the SOM. 
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Plant leaf wax distributions and hydrogen isotopic ratios are powerful proxies for 

paleoclimate reconstructions. However, numerous questions still remain. For example, we do 

not know how variable leaf wax productions are among different plants. Because leaf waxes 

in sediments are derived from all higher plants on the landscape and hydrogen isotopic ratios 

different significantly among different plant types, understanding the leaf wax regeneration 

rates is crucial for interpreting sedimentary hydrogen isotopic records of leaf waxes. In this 

presentation, I will discuss two new approaches to examine leaf wax production in different 

plants: 1) hydrogen isotope labelling; and 2) anatomical analysis of leaf waxes on plant leaves. 

I will show that plant leaf wax regeneration rates can be accurately quantified by irrigating 

plants with deuterium enriched water and sample the leaf waxes over diurnal cycles to 

determine the hydrogen isotopic enrichments (Gao et al., 2012a,b). This is the first time that 

leaf wax production is examined quantitatively in-situ. I will also demonstrate the value of 

examining the leaf wax distributions and hydrogen and carbon isotopic ratios along the leaf 

veins (Gao et al., 2012c). This anatomical-level leaf wax analysis allows a mechanistic 

understanding of changes in leaf wax distributions and isotopic ratios for individual plants.  

I will report the most up-to-date research on these topics from my research group.  
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Algaenan isolation is a time consuming and tedious process and can take up to several 

weeks to accomplish. Several chemical techniques have been proposed that outline different 

steps to isolate the algaenan from its parent algae (Allard et al., 1998; Blokker et al., 1998; 

Zelibor et al. 1988;). The common factor behind those methods is using successive chemical 

treatments that remove labile components of algae, namely lipids, proteins, carbohydrates, 

and any other compounds that are considered to be labile, without altering the algaenan 

structure. Hydrous pyrolysis has the ability to break down protein and carbohydrate 

biopolymers into their individual units making them soluble in water (Bobleter et al., 1994). 

This process can be used to effectively remove the labile components from the algae matrix. 

A two-step method is proposed where lipid extraction of the algae is followed by hydrous 

pyrolysis to isolate algaenan. 

 

50 grams of freeze dried Scenedesmus/Desmodesmus algae is extracted by Soxhlet 

with 1:1 (v/v) benzene:methanol organic solvent mixture for 24h to remove the lipids. The 

residue is then air dried and loaded into a 1L stainless steel reactor followed by the addition of 

450g distilled water. Sample volume (based on an approximate sample density), reactor 

volume and amount of added water are calculated to ensure that the sample remains 

submerged in a liquid water phase throughout the experiment. A 1 mm Cr–Ni screen is placed 

on top of the solid to prevent it from floating during the progress of the experiment. The 

reactor is then sealed followed by three cycles of helium flush and evacuation with vacuum to 

ensure the removal of air. The reactor is finally loaded with 25 psi of helium and sealed. 

Thermal treatment is optimized at temperatures between 240°C and 260°C for several hours. 

The reactor is dropped in cold water to quickly stop the hydrolysis.  
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We propose that this treatment able hydrolyze and as a result solubilize the proteins 

and carbohydrates. This effectively removes them from the algae matrix and results in the 

isolation of the algaenan. This method makes it simpler to collect large amounts of algaenan if 

needed. 
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Humic acids (HA) represent one of the most important and highly reactive 

constituents of soil organic matter (SOM). HA play irreplaceable role in sorption of pollutants 

(e.g. heavy metal ions), self-cleaning of soils and in other crucial environmental issues (Tan, 

2003). Nevertheless, even after more than two centuries of substantial research, the exact 

mechanism of complexation of pollutants by HA is poorly understood. Deeper study on 

reactivity of HA, including development of new analytical reactivity-mapping tools, is 

required.  

Reactivity of HA is often studied by simple sorption methodology (Klučáková, Pekař, 

2006). These classical sorption experiments do not indicate the overall effect of interactions in 

real systems containing HA. Therefore, new methodology based on diffusion experiments has 

recently been developed and proposed for study on reactivity of HA. Diffusion cells technique 

according Golmohadami et al., (2012) was utilized as an innovative reactive mapping method 

in the presented work. This method is focused on determination of diffusivity of different 

compounds in hydrogels based on agarose with addition of HA. The method is based on 

observation of changes of concentration in two solutions with different initial concentration. 

Agarose hydrogels sample is placed in between these two cells. Diffusion coefficients were 

calculated from concentration changes in time (Crank, 1956). Agarose hydrogel contains 

plenty of water hence it is able to simulate conditions in which HA are naturally occurring. 

Diffusion cells experiments (for details on the method of diffusion cell and the exact 

mathematical model see i.e. Lakatos, Lakatos-Szabó, 2004) were performed on chemically 

modified HA samples. The modification resulted in different binding of model diffusing 

compound (methylene blue), as was illustrated by two different parameters - effective values 

of diffusion coefficients of methylene blue in the gels (Figure 1) and sorption capacity of 

solid HA, respectively. 

The correlation between classical sorption experiments and diffusion characteristics is 

discussed. The influence of ionic strength was studied as well. Barrier behaviour of HA was 

studied by two different approaches (conventional sorption experiments and innovative 
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diffusion technique). Simple diffusion experiments introduced in this work seem to give much 

more relevant information about HA in their natural environments than traditional sorption 

experiments, because results obtained from sorption experiments are strongly dependent on 

particle size of HA and level of homogeneity. These parameters are eliminated, when the 

experiments are realized in hydrogel media. 

 

Figure 1. Effective diffusion coefficients determined for modified humic acid samples. 
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Humic substances (HSs) play an important role in chemical, physical and geological 

processes occurring in natural waters and soils (Alberts et Takács, 2004). Humic substances 

are natural organic compounds arising from microbial degradation of decaying plant and 

animal tissues and synthetic activity of microorganisms. HSs are among the most widely 

distributed organic materials on the Earth. They are found not only in soils, peat and brown 

coals (leonardites, lignites) but also in natural waters, sewage, compost, marine and lake 

sediments, carbonaceous shales and terrestrial sediments (Stevenson, 1994). HSs are known 

to be polydisperse macromolecules, which are made up to a large extend of aliphatic and 

aromatic carboxylic acids, phenols and also of higher condensed compounds. The major 

components of HSs are humic acids (HAs), fulvic acids (FAs) and humin (HU) which are 

defined on the basis of their solubilities in aqueous solution. HAs are soluble in solutions of 

pH>2, while FAs are soluble at all pH and HU is entirely insoluble (Young et Wandruszka, 

2001). The relative quantities of the different constituents depend strongly on the origin and 

genesis of the HSs but also on the extraction method used (Ghabbour, 1999). 

Humic acids (HAs) represent very important part of the organic matter (OM) in soils, 

compost and low-rank coal especially lignite. Object of our study were three samples HAs 

which were isolated from sandy soil (Arenosols), compost and South-Moravian lignite from 

the mine Mír in Mikulčice, Czech Republic. Isolation of HAs was performed according to the 

procedure recommended by the IHSS. All samples of HAs were characterized by elemental 

analysis, ultraviolet-visible spectroscopy, infrared spectroscopy, steady-state fluorescence 

spectroscopy and time-resolved fluorescence spectroscopy (TRES, TRANES) (Kumke et al., 

1998a, Kumke et al., 1998b, Lakowicz, 1999). Absorption coefficients of HAs were 

calculated from the absorbance of HAs in UV-VIS spectral range. Infrared spectroscopy with 

Fourier transform is a useful technique in characterization of structure, functional groups and 

formation modes of HAs. Steady-state (emission, excitation and excitation-emission 

fluorescence spectra) and time-resolved fluorescence methods (TRES – Time Resolved 

Emission Spectra, TRANES – Time Resolved Area Normalized Emission Spectra) were 
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applied to investigate the fluorescence properties of HAs of different origins (Koti et al., 2001, 

McGown et al., 1995). For the fluorescence experiments the final concentration of the HAs 

was adjusted to 10 mg·dm–3(Kumke et al., 1999). The pH-value of the samples was adjusted 

to seven using a standard phosphate buffer (Frimmel et al., 2002). 
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The aim of this study was to typify trace elements depending on the degrees of their 

concentration in coal, (black and oil) shale, petroleum, and the mineral matter of the above 

materials from deposits in various sedimentary basins as compared with the Clarke numbers 

of clay rocks. This will allow us to judge fairly the genesis of caustobioliths and to predict the 

composition and concentrations of trace elements in industrially concentrated caustobiolith 

remainders. In this work, we summarized published data on the concentrations of trace 

elements in caustobioliths [1–3] and used comparison parameters some of which were used 

by other researchers; however, the majority of these parameters were proposed for the first 

time. These are Qi and Qi
A, the degrees of trace element concentration by the entire mass and 

the mineral matter of caustobioliths, respectively, as compared with the Clarke numbers of 

clay rocks: 

Qix  = Cix/Ki, (1) 

Qix
A= Сix

A/1.13Ki, (2) 

 

 where Cix and are the concentrations of the ith trace element in the test caustobiolith and its 

mineral matter (х corresponds to coals, black shales, oil shales, and oils). The weight of 

mineral substances was estimated by the ash content of caustobiolith, which is directly 

proportional to this weight. A correction factor of 1.13, which was not taken into account 

previously in the calculation of Qi
A by Eq. (2), was also introduced. This is related to the fact 

that clay rocks underwent degradation with a decrease in weight by 12–14% and a 

corresponding increase in the concentration of trace elements on average by 13% upon 

calcination at 550–900°C [2]. 

The study of the distribution of trace elements in the caustobioliths of coal-bearing, 

shale, and oil-and-gas bearing basins and the classification of  typomorphic trace elements in 

them with respect to concentration coefficients suggest that the degree of enrichment of 

caustobioliths in trace elements in various sedimentary basins is controlled by a geotectonic 

factor.  

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 201 -



 

The maximums of trace element accumulation in coals in terms of Qi and Qi
A belong 

to rift valleys of young mobile and ancient activated platforms (Trans-baikalia, Mesozoic Ural 

eastern slope, and Far East) and to the central massifs of geosynclinal regions (Bureinskii, 

Zyryanskii, and Ferganskii).  

The maximum concentration of trace elements in shale often belongs to platform 

formations (Domanik bituminous rocks of the Russian platform and the Bazhenov formation 

in Western Siberia); however, some clay shale formations in geosynclinal regions can also be 

enriched in trace elements (Baisun deposit and Suzakshale in Uzbekistan).  

Oils enriched in trace elements were found in the central parts of ancient and young 

platforms and in epiplatform orogenic troughs. This occurrence of high trace element 

concentrations in caustobioliths is due to the fact that favorable conditions are generated in 

the above basins or their parts for both syngenetic (with a maximum appearance of transport, 

resource, barrier, habitat-forming, and other functions of living and organic matter) and 

epigenetic (temperature, hydrothermal, and geodynamic) deposition of trace elements in the 

test caustobioliths. 
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 The efficiency of using resin and asphaltene parameters for solving problems related to 

geochemistry has been demonstrated using a representative collection of oils and bitumen 

extracts from Jurassic and Cretaceous sequences in West Siberia. Table 1 shows the methods 

employed here to study the heteroatomic components, together with geochemical problems 

solved by using their parameters. The effectiveness of using these parameters in solving specific 

geological and geochemical problems varies from low to high (classified in Table 1). Using a 

wide range of research methods (1H NMR, 13C NMR, EPR, elemental, isotopic, and X-ray 

diffraction analysis, spectroscopy in IR and visible regions, electron microscopy, and Rock-Eval 

pyrolysis) enabled good understanding of the composition and structure of asphaltenes and resins 

of organic matter (OM) of different origins at the macromolecular, molecular and atomic levels. 

This high-level characterisation is important, because resin and asphaltenes inherit the genetic 

nature of the source matter and the conditions of its accumulation and preservation. 

It has been established that data on the elemental and isotopic composition, molecular 

weight and structural parameters of heterocyclic components of bitumen extracts are 

correlatable. To reconstruct the conditions of sedimentogenesis and diagenesis of OM, the 

amount of porphyrins in resins and asphaltenes  ―as determined by spectroscopy in the visible 

region, and the presence of hyperfine structure V4 + in the EPR spectra― could indicate the redox 

potential in the sediments (Borisova,  2004). In resins and asphaltenes from bitumen extracts in 

the section of the sedimentary cover of the West Siberian Plate, vanadium content appears to 

agree with paleo-environmental interpretation, which supports periodic marine transgressions. 

Furthermore, source-to-oil correlations can benefit immensely by comparing the non-

hydrocarbon components, such as sulfur, oxygen and vanadyl porphyrins. 

Resin and asphaltenes extracted from these sediments were also tested by Rock-Eval 

pyrolysis to evaluate their potential in OM typing, residual genetic potential and correlation. 

Examples from West Siberia will be presented to demonstrate and highlight the efficiency of 

using asphaltene and resin parameters in geochemical studies. 
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Tabla 1. Efficiency of using resins and asphaltenes for solving the problems of geochemistry 
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The composition of extractable organic matter (OM) of oil shale is the source of 

geochemical information on the biogenic precursors of OM and transformation of the latter in 

the Earth’s crust. Soxhlet extraction using chloroform or benzene-methanol mixture is a 

routine method of oil shale extraction. Part of the OM is not incorporated into the structure of 

kerogen and can be extracted from oil shale matrix. It can be observed as a mobile phase 

inside a macromolecular network and contains different biomarkers for elucidating the 

genesis of oil shale OM and degree of its maturity. Supercritical extraction offers considerable 

advantages regarding expenditures of time and hazardous solvents. Due to the capacity of 

supercritical carbon dioxide to penetrate into porous media, the method seems to be 

prospective for the recovery of the soluble components in oil shale. Thermal decomposition of 

Kukersite oil shale kerogen begins at 350 °C. Due to the low critical temperature of carbon 

dioxide (tcr = 31.1 °C, pcr = 7.38 MPa), supercritical carbon dioxide extraction at 40–150 °C 

like Soxhlet extraction leaves most of kerogen matrix untouched and brings out the soluble 

matter trapped in the shale matrix. 

In this work, Estonian Kukersite and Dictyonema oil shales characterised by the 

organic matter content 35.5 and 19.4%, respectively, were submitted to the supercritical 

carbon dioxide extraction in a batch autoclave (0.5 dm3) at three different temperatures. This 

process can be observed as supercritical thermal dissolution carried out stepwise: the same 

amount of oil shale was extracted consecutively at 40, 100, and 150 °C at initial carbon 

dioxide pressure 9 MPa during 2 hours separating the extract formed with diethyl ether after 

each – 40, 100, and 150 °C step. Diethyl ether was evaporated and the extract yields were 

determined. Group composition of extracts was investigated by the method of preparative 

thin-layer-chromatography (TLC). Five fractions were separated using unfixed layer of Silica 

gel L (Fluka) and n-hexane as eluent in down-flow variant. The individual composition of 

compound was investigated using GC-MS-apparatus (Shimadzu QP2010 Plus). 
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Table 1. Yield (1 – mg/g, 2 – % on OM) and group composition (rel. %) of the extracts of 
Estonian oil shales extraction with supercritical CO2 at 40, 100 and 150 °C 

Tempe-
rature, °C Yield 

Non-
aromatic 
hydro-
carbons 

Mono-
cyclic 
aromatic 
hydro-
carbons 

Poly-
cyclic 
aromatic 
hydro-
carbons 

Neutral 
hetero-
atomic 
com-
pounds 

High 
polar 
hetero-
atomic 
com-
pounds 

1 2 

Kukersite 

40 4.21 0.82 20.1 9.7 18.2 14.2 37.8 

100 2.94 0.57 17.6 10.9 13.2 21.5 36.8 

150 5.00 0.97 18.9 2.6 10.6 8.6 59.3 

Σ 40–150 12.15 2.36 19.1 7.0 13.9 13.6 46.4 

Dictyonema 

40 2.34 1.47 26.4 6.2 9.6 20.6 37.2 

100 2.40 1.51 20.2 4.1 11.8 23.9 40.0 

150 1.06 0.67 30.8 2.2 20.1 22.8 24.1 

Σ 40–150 5.80 3.65 25.3 4.8 12.3 22.1 35.5 

 

Soxhlet extraction of Kukersite and Dictyonema oil shales using consecutive 

extraction with chloroform and benzene-methanol mixture yielded summary bitumoid (A+C), 

2.66 and 7.80 mg/g, respectively.  

The efficiency of supercritical CO2 extraction of Kukersite is 4 times higher and that 

of Dictyonema oil shale by 25% lower compared with Soxhlet extraction. 

So, extraction efficiency depends on both process variables as temperature, pressure, 

duration, solvent type and organic matter content in oil shale under investigation. In the 

exractables (bitumoid) composition homologous n-alkanes, isoalkanes, n-alkylcyclohexanes, 

n-alkylbenzenes, alkylderivatives of 2–4-cyclic aromatic compounds, 2-, 3- and 4-alkanones 

were identified by using GC-MS. 

As a conclusion, supercritical CO2 extraction is a new technique applicable for rapid 

isolation of extractable organic matter in oil shales with maintenance of organic geochemical 

information. Term “bitumoid” is exhaustible, soluble only in certain conditions organic matter 

of oil shale. 
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The usefulness of Precambrian hydrocarbons, in particular biomarkers, relies entirely 

upon both their syngenicity and indigeneity, or rather whether or not they are representative 

of the same time period and area as the host rock (Eigenbrode, 2008). Due to both their age 

and typically low total organic carbon content, however, Precambrian basins are susceptible 

to hydrocarbon overprinting due to contamination. This study investigates the presence and 

nature of hydrocarbon signatures in core slices (from the outside to the inside of the core) 

from the 1.4 billion year old Velkerri Formation, McArthur Basin, North Australia, and 

assesses the likelihood of the hydrocarbon syngenicity and indigeneity. Each slice was 

crushed, solvent extracted, silica column fractionated and analysed using gas chromatography 

mass spectrometry (GC-MS).  

The outside flat (OF) and outside curve (OC) of all three cores studied (Figure 1) 

show contamination signatures in several compound groups, including n-alkanes (Figure 2), 

monomethylalkanes, bicyclic sesquiterpanes, alkylcyclohexanes, alkylnaphthalenes and 

alkylphenanthrenes. Although both the OF and OC slices were subjected to secondary organic 

matter input, the signatures were dissimilar and had differing origins (from sawing and 

drilling processes, respectively). Internal slices were found to have consistent hydrocarbon 

signals, providing strong evidence that the organic matter in the inner slices is indigenous. 

This study highlights the necessity for the removal of the exposed outside of the core prior to 

solvent extraction, not only in lean Precambrian rocks (as determined by Brocks, 2011), but 

also in Precambrian rocks rich in organic matter. Despite the previous identification of sterane 

biomarkers in Velkerri Formation rock extracts (Summons et al., 1988) and oils (Jackson et 

al., 1986), no steranes or aromatic steroids were detected in any cores analysed in this study, 

including the early oil window cores from Walton-2, despite using a highly sensitive magnetic 

sector GC-MS for this part of the study. This indicates that there was a very low eukaryotic 

input in the deep marine environment in which the Velkerri Formation was deposited, but 

does not exclude the possibility that shallower water facies may contain biomarker evidence 

for eukaryotes that are known from fossil evidence back to around 2.0 Ga. 
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Figure 1. Slice methodology of: i) 
McManus-1 at 1215 m, ii) Walton-2 at 
471 m, and iii) Shea-1 at 608m. OC= 

Outside Curve, OF= Outside Flat. 

Figure 2. n-Alkanes normalised to the n-alkane 
of highest concentration in each slice in: a) 

Walton-2 471 m slices, b) Shea-1 608 m slices, 
and c) McManus-1 1215 m slices. 
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 Mud gas isotope samples during hydrocarbon-searching drillings are typically collected 

on fixed depth spacing and on major hydrocarbon shows. This article demonstrates that 

continuous real time isotope logging (CRT-IL) can guide sampling and interpretation workflows 

of spot isotope & gas samples. Such workflows for evaluation of isotope spot-samples using 

CRT-IL include: i) identification of depth shift of the samples (proper lagged depth assignment 

involves complex synchronization of time data and proper projection on depth), ii) warning about 

the sample containing drilling artifact gas, e.g. pipe connection gas, iii) determining which spot 

samples are not representative for a given depth interval or particular gas peak, e.g. when spot 

sample is collected within an interval with a natural gradient of 13C1 values, iv) identifying end-

member compositions in case gradient exists (e.g. sample taken off the peak’s maximum, mixing 

with background gas or cap rock leakage), v) indication of small scale features missed due to 

depth spacing of spot samples (e.g. thin-bedded reservoirs and baffles within a reservoir). All 

these elements can have impact on important decisions such as downhole fluid sampling or 

completions. Examples presented in this article include theoretical representations and selected 

intervals of field data to visually illustrate the improvements of streamlining of isotopic spot 

sampling using continuous real time isotope logging. 
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STUDY OF EXTENDED DIAMONDOIDS IN CRUDE OIL USING GC×GC-TOFMS 
 

Renzo C. SILVA1,3*, Raphael S.F. SILVA2, Eustáquio V.R. DE CASTRO3, Kenneth E. 
PETERS4 and Debora A. AZEVEDO1 

 
1. Universidade Federal do Rio de Janeiro, Instituto de Química, Brazil 

2. Instituto Federal de Educação, Ciência e Tecnologia do Rio de Janeiro, Brazil 
3. Universidade Federal do Espírito Santo, Departamento de Química, Brazil 

4. Schlumberger Information Solutions, USA 
*Corresponding author: renzocsilva@gmail.com 

 

Diamondoids were known to be present in petroleum fluids since the 1930´s, but their 

usefulness as geochemical indicators was only developed in the last 20 years. They differ 

from saturated hydrocarbons because of the structural rigidity of diamond-like three 

dimensional cages, which enhance resistance to thermal and microbial degradation. Many 

worldwide research groups are actively pursuing improved method for diamondoid analysis. 

Recent literature shows the use of GC-MRM-MS (triple-quadrupole mass analyzer) to 

achieve quantitation limits as low as 0.08-0.37 µg/g for adamantanes and diamantanes (Liang 

et al., 2012). Adamantanes and diamantanes from a Chinese condensate were investigated by 

comprehensive two-dimensional gas chromatography coupled to time-of-flight mass 

spectrometry (GC×GC-TOFMS) (Li et al., 2012). In this work, GC×GC-TOFMS was 

explored as a powerful tool to assess diamondoids in petroleum fluids. It demonstrates the 

possibility to calculate diamondoid indexes, perform relative quantitations, and saturated 

biomarker assessments in one chromatographic run. 

The experimental set up in this work was planned to allow analysis of both extended 

diamondoids and saturated biomarkers simultaneously. Two Brazilian crude oils were used as 

examples. A typical set of columns for comprehensive two-dimensional chromatography was 

used in a Pegasus 4D Leco Instrument. Traditional diamondoid analysis focuses either on 

quantitative data to explore thermal maturity (Dahl et al., 1999) of oil sample sets or 

gathering diamondoid maturity indexes from adamantanes and diamantanes. Both goals were 

achieved by the GC×GC-TOFMS analysis proposed herein. In addition, tetramantanes and 

triamantanes identification resulted in new discovered compounds that can be used for 

assessment (e.g. for new maturity indexes) depending on the position of alkyl-substitution. 

Methyl-protodiamantanes and alkyl-substituted diamondoids with chains bigger than ethyl 

were detected (except for tetramantanes) as a consequence of the improved resolution 

achieved by GC×GC-TOFMS. Maturity parameters from saturated biomarkers were also 

assessed. 
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Further studies using this technique may lead to improved understanding of the 

formation mechanisms of diamondoids and highly mature petroleum fluid compositions. This 

paper demonstrates the power of this technique to evaluate diamondoid in oil samples, thus 

allowing improved geochemical assessments. 

 

 

Fig. 1. GC×GC-TOFMS contour plot (a) with highlighted studied classes. Chromatographic 
surface of tetramantanes is presented (b) with examples of mass spectra found in the region 

(c). 
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 Crude oils can be described compositionally by a number of methods. SARA analysis 

divides crude oil fractions (saturated hydrocarbons, aromatic hydrocarbons, resins, 

asphaltenes)  according to their polarisability and  polarity using a family of related methods.  

 Problems appear because several of the analytical methods in use do not produce 

approximately similar results. In this work we tried to make a correlation of two SARA 

analysis methods: gravity-driven column chromatographic separation (LC) and thin layer 

chromatography combined with flame ionisation detector (TLC-FID, Iatroscan).  

 In a correlation study we have used different standard crude oils: North Sea Oil-1, 

ASTM oil #CO1207 USA (July 2012) and the Pannonian (Croatian) oils: Privlaka-13, 

Hrastilnica-3, Đeletovci-1 Zapad oil,  as samples. Samples were analysed repeatedly over a 

period of several months by both SARA analysis methods. All of the mentioned oils are 

mostly paraffinic-aromatic types of oil.  

Different solvents to dissolve maltenes were used for each method and results for LC 

method  are expressed  in mass percentages while results for TLC-FID (Iatroscan)  method 

percentages are calculated directly from the raw peak areas.  

Table 1.  Results of SARA analysis using LC and TLC-FID method including calculated 
corellation coefficients for each crude oil fraction 

 Saturates Aromatics Resins Asphaltenes 

Crude oil sample/ 
Correlation coef. 

LC 
(mass%) 

TLC-FID 
(area%) 

LC 
(mass%) 

TLC-FID 
(area%) 

LC 
(mass%) 

TLC-FID 
(area%) 

LC 
(mass%) 

TLC-FID 
(area%) 

NSO-1  58,98 49,77 30,58 24,95 8,56 22,55 1,88 2,73 

Correlation Coef. 1,18 1,23 0,38 0,69 

ASTM #CO1207 37,57 25,21 38,75 21,12 17,54 45,10 6,14 8,58 

Correlation Coef. 1,49 1,84 0,39 0,72 

Privlaka-13 58,46 50,74 27,17 18,79 10,65 26,04 3,71 4,43 

Correlation Coef. 1,15 1,45 0,41 0,84 

Hrastilnica-3 65,52 56,71 23,89 13,93 8,35 25,78 2,25 3,58 

Correlation Coef. 1,16 1,71 0,32 0,63 

Đeletovci-1 Zap. 61,70 52,44 25,33 13,01 10,52 30,11 2,45 4,43 

Correlation Coef. 1,18 1,95 0,35 0,55 
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Results that are given in the table show the range of correlation coefficients for 

saturated hydrocarbons to be from 1,15-1,49, aromatic hydrocarbons 1,23-1,95, resins 0,32-

0,41 and asphaltenes 0,55-0,84. 

NSO-1 is a deasphaltened oil from the Oseborg field, Norway.  However, using both 

of the techniques, the presence of asphaltenes in the NSO-1 oil was determined.  

Analysis of the composition of crude oils can be endlessly complexed, therefor, many 

reasons are possible to explain such oscillations in the results.  The use of different solvents 

can be one of the factors; variability of the FID response in Iatroscan  method  (which can 

also be due to differences in ionisation efficiency resulting from slight variations of the 

concentration of material in the adsorbent phase);  the amount of sample taken for the 

analysis, overloading in a very small spot at the origin of the rod and many other reasons. 

 Despite the oscillations in the results, the coefficient range for each crude oil fraction 

does show some correlation between the used methods.  
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Fossil fuels and complex hydrocarbon mixtures have long been investigated by mass 

spectrometry (MS), and various separation methods have been evaluated for general use with 

these matrices. Regarding the characterization of naphthenic acids found in crude oils, one of 

the greatest difficulties is the limitation on the extraction of many naphthenic acid species as 

separate components for analysis, and the resulting mass spectra are, therefore, very complex 

(Rudzinski, 2002). MS is well suited for the characterization of acidic components at the 

molecular level. Due to their polarity, acids are commonly converted to their corresponding 

esters for detailed GC/MS analysis (Koike, 1992). However, direct acid analysis is more 

desirable because it can provide rapid analysis without the concern of losing material through 

derivatization (Rikka, 2007).  

          Up to date we have not found any published work concerning the use of the 

LTQ-Orbitrap in studies of sequential fragmentation (MSn) patterns of acidic biomarkers 

standards commonly used in studies of petroleum, like 5 cholanic acid. The aim of this work 

was to study the fragmentation of four synthetic acidic biomarkers using collision-induced 

dissociation (CID) and check the correlation between fragments and the structure of 

molecules. The acids used for this purpose were: 5--cholanic acid (1), 5--homopregnanic 

acid (2), 8,13-tetrahydrocopalic acid (3) and 15-isocopalic acid (4). 

Several MS ionization methods have been previously developed for such purposes, 

including electrospray ionization (ESI), and nanospray ionization (nanoESI), which can yield 

molecular or pseudo-molecular ions for the determination of the molecular distribution of 

napthenic acids. In this work MS2 experiments were performed using a LTQ-Orbitrap XL 

mass spectrometer (Thermo Scientific), with the Atmospheric Pressure Chemical Ionization 

(APCI) source operated in negative ion mode. For all ions, the CID energy selected was the 

same. 
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Rikka (2007) studied some carboxylic acids standards by ESI (-) ion mode MS/MS 

and observed characteristically losses of carboxylic acids (44, 28 and 18 mass unit). In this 

work, the results showed that all molecules generated neutral losses of 44, 28 and 18 that can 

be respectively attributed to M-CO2, M-H2C=CH2, and M-H2O. However, acids 2 e 4 

generated additional neutral losses whose structures were similar to the correlated biomarkers 

without double bonds or oxygen atoms (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  APCI (-) MS2 mass spectra for the studied molecules. 

 

The most important conclusion of this work is that it was possible to observe different 

patterns of fragmentation, according to the structures studied by direct analysis using LTQ-

Orbitrap. In the future the use of this technique could be extrapolated to more complex 

mixtures, including the application for carboxylic acids extracts from crude oils in order to 

facilitate the better understanding of these mixtures. 
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Fluid inclusions are micron-scale fluid-filled cavities in rock which are formed during 

diagenesis when mineral cement is added to pores or micro fractures. They record movement 

of past to present-day fluids (oil, gas, and water) through the rocks. Hydrocarbon inclusions 

can also be used for tracing evolution of early life as oil-bearing fluid inclusions represent one 

of oldest unaltered respiratory of Precambrian biomarkers. Detailed molecular and isotopic 

data of petroleum inclusions, used in organic geochemistry to give information on source, 

maturity, and alteration of hydrocarbons, have been obtained so far by mechanical crushing 

followed by solvent or thermal extraction - gas chromatograph–mass spectrometer (GC-MS). 

Unfortunately, the crushing process does not for discriminate between geochemical signatures 

of different fluid inclusion generations. More recently, time-of-flight secondary ion mass 

spectrometry (ToF-SIMS) was used to detect biomarkers including steranes and hopanes in 

single inclusions as small as 15 µm (Siljeström et al., 2010). However, the interpretation of 

the ToF-SIMS spectra and application to single hydrocarbon inclusions molecular 

geochemistry remains challenging due to the lack of reference data on oils. To overcome this 

issue, 31 well characterized oils from different source facies, thermal maturity and 

biodegradation level were analysed by ToF-SIMS and used to calibrate the instrument. 

Results show that the ratio of phenanthrene to dibenzothiophene (Phen/DBT) compounds may 

be used as a hydrocarbon source facies indicator. This ratio successfully discriminates oils 

sourced from organic matter deposited in marine carbonate environment from oils generated 

from marine clastic source rocks. In addition, this ratio shows the potential of indicating 

whether the analysed oils have been sourced from organic matter deposited in lacustrine 

and/or terrestrial environments.  

To validate the analytical method for the analysis of single oil inclusions by ToF-

SIMS, synthetic inclusions were formed in a KCl saturated solution using one of the oil from 

the marine clastic calibration suite. The Phen/DBT ratio was then calculated from ToF-SIMS 

spectra of the marine clastic oil trapped in the synthetic fluid inclusions and compared to the 
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ratios of the calibration oil suites. Ratios obtained from standard inclusions are similar to the 

ones calculated for the marine clastic oil suite demonstrating that Phen/DBT ratio can be used 

on hydrocarbon inclusions without significant matrix effects, and therefore, the calibration 

suite may be used to characterize the source facies of oils trapped in fluid inclusions (Figure 

1).  

 

 

Figure 1.  Phenanthrene to dibenzothiophene ratio for 31 oils of different source facies and oil 
trapped in synthetic inclusions. 

 

The standard oil suites were used to determine the origin of oils trapped in inclusions 

within the Elk Basin Field, Big Horn Basin, WY.  The oils appear to be derived from a distal 

carbonate source (Phosphoria Formation) supporting long distance, lateral migration into the 

Big Horn Basin Fields from a mature Phosphoria source rock ~65-120Ma. 

Finally the ratio was applied on ToF-SIMS spectra obtained from oil-bearing fluid 

inclusions trapped in 1.43 Ga Bessie Creek Sandstone from the Roper Group in Western 

Australia. Four different inclusions were analysed and the data indicate that the trapped oils is 

sourced from a marine clastic organic rich rock. This result is in agreement with the 

environment of deposition of the Velkerri formation, interpreted to be the source rock for 

these oils.  
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The economically most important Upper Miocene lignite basins are Kolubara, 

Kostolac and Kovin deposit. The basins were formed within the Pannonian Basin System in 

shallow lacustrine, delta plain and fluvial environments. Core samples (37) were collected 

from 4 boreholes of the Drmno field (Kostolac basin), “D” field (Kolubara basin) and “A” 

field (Kovin deposit). Considering low and uniform organic matter (OM) maturity (average 

huminite reflectance 0.30±0.03 for Kolubara and Kostolac lignites, and 0.29±0.03 for Kovin 

lignites, respectively) and deposition of OM at the same time (Pontian, Upper Miocene, 

around 6 Ma) in the relatively constant climate, the objective of this study was to determine 

the origin and conditions in the palaeoenvironment based on petrological and biomarker 

composition.  

The yield of the soluble organic matter (SOM) is relatively high, which has been 

related to the high proportion of biogenic and diagenetic compounds. The SOM of all samples 

is mainly represented by asphaltenes and polar NSO-compounds, consistent with the low 

maturity of the OM. Studied lignites have relatively uniform/similar maceral and biomarker 

composition. Lignites are typical humic coals with huminite concentration of up to 92.6 % vol. 

The most abundant huminite macerals are textinite, ulminite and densinite. Liptodetrinite and 

sporinite dominate among liptinite macerals, while inertodetrinite is the most abundant 

inertinite maceral.  

The main lignite extracts’ constituents are diterpenoids, n-alkanes, triterpenoids and 

hopanoids, while contents of steroids and aromatic sesquiterpenoids are low. All mentioned 

biomarker classes have relatively similar compositions. Sharp predominance of 16(H)-

phyllocladane and pimarane in saturated fraction is observed, whereas in the majority of the 

samples simonellite is the most abundant diterpenoid in aromatic fraction. Typical feature of 

n-alkane distribution is high amount of odd n-C27 - n-C31 homologues. Composition of 

hopanoid biomarkers is represented by same compounds and characterized by abundant ββ-

isomers in range C27, C29-C31. Pronounced aromatization of non-hopanoid triterpenoids in 
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comparison to diterpenoids is observed in all samples in which triterpenoids are present in 

enhanced amounts. Cadalene is most abundant aromatic sesquiterpenoid in all lignite extracts, 

whereas distributions of steroid biomarkers show strong dominance of C29 homologues.  

The main differences between investigated Upper Miocene lignites are expressed by: 

1) high abundance of C30 hop-17(21)-ene in samples from Kovin deposit, whereas this 

compound is absent or present in trace amounts in lignite extracts of Kolubara and Kostolac 

basins; 2) notably lower abundance of C31β(R)-hopane in almost all Kostolac and Kovin 

lignites in comparison with Kolubara samples; 3) higher sulphur content, gelification index 

(GI), proxy patio (Paq), n-C23/(n-C27+n-C31) ratio and diterpenoids/non-hopanoid triterpenoids 

ratio in Kovin and Kostolac samples; and 4) presence of ketones with abietane and hopane 

skeleton in all Kolubara lignites. These differences in composition of OM are followed by 

differences in mineral matter composition, which are reflected by higher content of carbonates 

and pyrite in Kostolac and particularly Kovin lignites.  

Obtained results indicate that main precursors of OM of Serbian Upper Miocene 

lignites were gymnosperms (conifers), followed by variable amount of angiosperms. 

Composition of diterpenoids argues that coal forming vegetation could be attributed to the 

gymnosperm families Taxodiaceae, Cupressaceae, Araucariaceae, Phyllocladaceae and 

Pinaceae. The highest contribution of angiosperms to OM is observed in Kolubara lignites. 

Moderate input of angiosperms to OM is observed in Kovin and several Kostolac samples. 

OM of the remaining samples from Kostolac basin is characterized by negligible angiosperms 

input (Zdravkov et al., 2011). Based on the differences in biomarker and mineral matter 

composition it could be assumed that Kolubara lignites were formed in the oxic/dry and acidic 

conditions, whereas Kovin and Kostolac lignites were deposited under slightly alkaline and 

more reducing conditions, which resulted from calcium-rich depositional environment and 

higher water column level. Positive correlation between ratio of des-A-degraded to non-

degraded aromatic triterpenoids and GI, C31ββ/β hopane ratio as well as content of calcium 

oxide suggests that degradation of triterpenoids’ A-ring is favoured by microbial activity 

under lower Eh and slightly alkaline conditions in the mire.  
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Natural gas industry in China has flourished following the discovery of large gas fields 

having proven gas reserves over hundreds of billions of cubic meters (bcm). By the end of 

2011, the proven gas reserve of coal-generated gas was estimated at nearly 5,800 bcm, 

accounting for 70% of all proven gas reserve in China, mainly discovered in the Ordos, 

Sichuan and Tarim basins, northwest of China. There are two main gas-generating coal source 

kitchens, forming two types of large gas fields: (1) non-marine facies in foreland basin, and (2) 

transitional facies in craton setting. Examples for both types are discussed here. Furthermore, 

this paper presents two quantitative indices to describe the efficiency of generation and 

accumulation of gas from coaly kitchens within the 0.8–2.0% Ro maturity window: (1) 

organic matter maturation index ( Ro%/ Ma), and (2) gas-generation rate (Gv, 

108m3/km2•Ma). 

The first type of gas fields is from coal sources in Mesozoic to Cenozoic basins, 

accumulated dominantly in structural traps that have small areal extent, but large thicknesses 

and abundant gas reserves (billions of m3/km2). The Kela-2 gas field in the Tarim Basin 

represents the most typical large gas field, which was formed in the Quaternary in the thrust 

belt of a foreland basin. Approximately 5 Ma, the Jurassic coaly source rocks were rapidly 

buried to depths around 6000–7000m, leading to the generation of large quantities of gas over 

a very short period, ultimately accumulating in Cretaceous sandstone reservoirs. The Jurassic 

source rocks in question can, accordingly, be described as highly effective gas source kitchen, 

because they are characterized by rapid generation of large volume of gas over a relatively 

short period of time. This highly effective gas generation process resulted in effective gas 

accumulation in the Kela-2 field, estimated to contain > 20% of total gas volume generated 

from the source kitchen. 
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The second type of gas fields in China is dominated by stratigraphic traps, where the 

gas-bearing area is quite large, the reservoir has small thicknesses and poor porosity and 

permeability, and gas reserve abundance is less than 100 million m3/km2, referred to here as 

“large gas field with low abundance”. Such gas fields have been discovered in both the Ordos 

and Sichuan basins. The Sulige gas field in the Ordos Basin is one typical example of large 

gas fields with low abundance, where the stratigraphic gas reservoir complex was developed 

under gentle structural setting of cratonic basin. Basin modeling suggests that the 

Carboniferous coaly source kitchen generated its gas during the pre-Cretaceous deep burial 

phase, feeding the overlying Permian sandstone reservoir, before a significant uplift. Gas was 

initially expelled from its coaly kitchen into the reservoir in a “volume flow” mode, followed 

by expulsion of adsorbed gas (and reservoir-charging through) diffusion. Such a complex 

hydrocarbon accumulation mode can result in highly effective gas accumulations even in low 

porosity and low permeability reservoirs over large areas. The potential for natural gas 

resources in tight sandstone reservoirs along gentle structural areas is, therefore, high. 
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Five tertiary Colombian (South America) coals were subjected to hydrochloric, 

hydrofluoric and nitric demineralization in order to isolate the organic material and determine 

their structural characteristics by X-ray diffraction. With this technique it was possible to 

verify that these coals consist of a disorder structure (turbostatic), assess the degree of organic 

matter organization and determine the aliphatic and aromatic structures ratio (aromaticity 

index, fa). Changes in this ratio as the organic matter is transformed by factors like 

temperature and pressure and as a result of reactions which influence its organization and 

composition was taken as initial assumption. For this reason there may be correlation between 

these characteristics identified by XRD and other parameters such as vitrinite reflectance and 

coals rank determined by proximate analysis in the same samples without acid treatment. The 

correlation with vitrinite reflectance was not satisfactory enough probably due to the influence 

of the extractable organic matter (hydrocarbons produced by coal) on the characteristics 

determined by XRD. There is a strong linear relationship between relative position of the  

samples in the coal seam and aromaticity index. No linear relationship exists between the coal 

structural parameters (fa) and proximate analysis neither elemental carbon which could 

reflects their no-dependency with coal structure on this rank. 
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The objective of the study was to determine the origin and to reconstruct the 

geological evolution of lignites from the “A” field, Kovin deposit (Serbia), based on 

comprehensive petrological and organic geochemical analyses. Moreover, concentrations of 

16 potentially hazardous trace elements in the lignites were determined.  

The Upper Miocene (Pontian, around 6 Ma) coal-bearing sediments in the Kovin 

deposit are part of the “Banat-Morava” depression in the Pannonian Basin System. They are 

consists of fresh water clastic sediments, sand and clay, with three coal seams. Lignite from 

the Kovin deposit is typical humic coal with huminite concentrations between 69.0 and 87.5 

vol. %. The Tissue Preservation Index (TPI), ranges from 0.7 to 3.4, whereas the Gelification 

Index (GI), varies between 2.7 and 5.8. Average huminite reflectance is 0.29±0.03.  

The n-alkane patterns of the Kovin lignites are dominated by long-chain homologues, 

maximizing at n-C27 or n-C29, and expressed odd over even predominance, indicating a 

significant contribution of epicuticular waxes. Relatively high abundance of mid-chain (C23-

C25) n-alkane homologues, followed by elevated proxy ratio (Paq) implies input of aquatic 

macrophytes to the organic matter (OM). Pristane to phytane ratio (Pr/Ph) varying between 

0.67 - 1.92 indicating reducing to slightly oxic conditions during peatification.  

Diterpenoids are main constituents of both, saturated and aromatic fractions, 

indicating significant contribution of gymnosperms (conifers) to the precursor OM. A high 

amount of 16α(H)-phyllocladane and pimarane and the presence of totarane, hibaene and 

ferruginol indicates that coal forming plants could be related to the conifer families 

Taxodiaceae, Cupressaceae, Araucariaceae, Phyllocladaceae and Pinaceae. The non-hopanoid 

triterpenoids are present in relatively low amount in saturated fraction of the Kovin lignites 

and consist exclusively of des-A-degraded compounds (des-A-olean-enes, des-A-urs-enes and 

des-A-lupane). Although the non-hopanoid triterpenoids represent a minor portion of 

saturated fraction, these compounds are more abundant in aromatic fraction of all samples. 

Due to enhanced aromatization of angiosperm derived triterpenoids, the ratio of diterpenoids 
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to sum of di- and terpenoids in saturated fraction, Di/(Di+Tri)sat (Bechtel et al., 2002) shows 

extremely high and uniform values (above 0.94) indicating that conifers almost exclusively 

contribute to coal formation. Therefore, in order to estimate the contribution of gymnosperm 

and angiosperm vegetation in the ancient peat bogs we have used the ratio of diterpenoid and 

angiosperm-derived triterpenoid aromatic biomarkers (Di/(Di+Tri)arom). Values of this ratio 

vary between 0.41 and 0.83 indicate low to moderate contribution of angiosperms to OM. 

Positive relationship observed between the TPI and Di/(Di+Tri)arom ratio suggesting that TPI 

is partly controlled by the input of resin-rich, decay-resistant conifers. Variations in 

Di/(Di+Tri)arom with depth imply changes in palaeoenvironment (water level, i.e. Eh 

settings) in the mire during coal formation, consistent with results observed from TPI, GI and 

Pr/Ph ratio.  

Steroid biomarkers of the Kovin lignites consist predominantly of C29 Δ
4-, Δ2- and Δ5-

sterenes, whereas C27 and C28-sterenes are identified in low amounts (up to 10 %). Hopanoids 

are more abundant than steroid biomarkers in coal extracts (ΣSteroids/ΣHopanoids ratio < 

0.30). The hopanoid patterns are characterized by the presence of 17α(H)21β(H), 

17β(H)21α(H) and 17(H)21(H) compounds with 27 and 29-32 carbon atoms and 

unsaturated hop-13(18)-enes and hop-17(21)-enes. The C2717(H)- and the C2917(H)21(H) 

hopane dominate the distribution of C27-C31 -homologues. Considering that peatification 

was performed under reducing to slightly oxic conditions, sharp predominance of the short-

chain homologues, can be indicative that the precursor hopanoid lipids were functionalized at 

position 29 such as aminobacteriohopanepentol abundant in methanotrophic bacteria.  

Comparison of the concentrations of the 16 potentially hazardous trace elements: As, 

Ba, Bi, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sb, Se, Th, Tl and V with the Clarke values for the 

brown coals (Yudovich et al., 1985) and World lignite values shows that Kovin lignites have 

higher contents of As, Cd, Co, Cr, Cu, Mn, Ni, Pb and V. The other analysed elements occur 

in lower or similar concentrations to the Clarke and World lignite values.  
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During the last 10 years, the anomalous enrichment of Ga from coals and a few coal 

related Ga deposits have been found by Chinese coal geologists (Dai et al., 2006, 2012; Wang 

et al., 2011). However, due to the dispersity of Ga as a trace element and regionality of Ga 

enrichment, systematic research on modes of occurrence and enriched mechanism of gallium 

is still lacking. According to previous studies, two main scientific views can be concluded as 

follows: 1) some researchers think that Ga has a close affinity to inorganic fraction in coals. 

(Dai et al., 2006).    2) other researchers think that Ga has a close affinity to organic 

fraction in coals, and it was proposed that Ga ions can be adsorbed and enriched effectively 

by humic acids and peats, and mainly exist in the gelatinous components in coals (Bonnett 

and Cousins, 1987; Bonnett, 1996). Whether the occurrence and enrichment of Ga have 

organic or inorganic association with coals, the coal forming process and depositional 

conditions must be crucial to the enrichment of coal related trace elements. Thus, the study of 

of soluable orgainc matter from coals may provide useful information. 

Selected coal samples from the Junger Coalfield, China, where are enriched of 

valuable metal such as Ga and Li (Dai et al., 2006; Dai et al., 2012), were Soxhlet-extracted 

for 36 hours using chloroform as solvent, and the extracts were separated into aliphatic, 

aromatic and polar fractions by chromatography column over pre-washed silica gel. Gas 

Chromatography (GC) and Gas chromatography-mass spectrometry (GC-MS) analyses of the 

aliphatic and aromatic fractions were performed on an Agilent 6890 GC and that coupled to 

an Agilent 5973 quadrupole MSD. 
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Figure 1. Gas chromatography of aliphatic and aromatic hydrocarbons 

 

The saturate hydrocarbons display double-peak distribution, and the aromatic 

hydrocarbons contain more fluoranthenes and pyrenes than naphthalenes and phenanthrenes. 

The experimental results show that the extract amount is negative correlation to the 

concentration of trace metals, the enriched metal is related to the rank of coals, and during the 

coal formation, the metal enrichment may degrade the hydrocarbons.   
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Weathering of organic matter is the process involving many factors such as time of 

exposure, temperature, climate conditions, oxygen access to the material and processes such 

as water-washing, biodegradation, and oxidation. They all lead to extensive changes in 

organic matter technological, petrographic and geochemical features, including biomarker and 

aromatic hydrocarbon distributions (Sen et al., 2009, Misz-Kennan and Fabiańska 2011). 

Moreover, these processes can release significant amounts of substances hazardous to the 

environment, among them organic compounds and heavy metals. The aim of this research 

was to investigate weathering-related changes occurring in immature organic matter of 

lignites (Ro = 0.22-0.35%).  

The Sieniawa mine, which lignites were applied for the investigation, was located in 

the western part of Poland. Lignite exploitation of the glacitectonically folded lignite deposit 

had begun before the II World War and lasted to 2004. The sample set comprised 15 lignites 

sampled in waste heaps left after the Sieniawa mine (Poland) closure. Material from the folds 

No 3, 4, 6, and 8 was exposed to weathering for different time ranges (from 3-30 years). 

Geochemical analysis involved ultrasonic solvent extraction of powdered samples in 

dichloromethane (3x for 20 min.) and the analysis of the total extracts by gas 

chromatography–mass spectrometry (GC–MS). The extracts were not separated into 

compound groups due to low extract yields in the most case of strongly weathered lignites. 

An Agilent Techn. gas chromatograph with a DB-5 column (60 m×0.25 mm i.d.), coated with 

a 0.25 μm stationary phase film coupled with a mass spectrometer was used. The 

experimental heating program was as follows: 50°C (isothermal for 2 min) followed by 

heating up to 175°C at 10°C/min, to 225°C at 6°C/min and, finally, to 300°C at 4°C/min. The 

final temperature (300°C) was held for 20 min. The carrier gas was He. The mass 

spectrometer was operated in the EI (70eV) and scanned from 50-650 da. All compounds 

were identified using mass spectra, comparison of peak retention times with those of standard 

compounds, interpretation of MS fragmentation patterns and literature data. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 227 -



In the composition of the lignite extracts cyclic hydrocarbons and functional 

compounds predominate. n-Alkanes, particularly in the samples of the 3-4 folds (the longest 

weathering time), are only the very minor components of the extracts. Apart from them such 

common biomarkers were found as sesquiteprenoids, diterpenoids (e.g. isopimarane, fichtelite, 

16(H)-phyllocladane, abietane), and pentacyclic triterpanes (hopanoids and oleanenes). 

These compounds are accompanied by their functionalized precursors like friedelin, 

dinorursatetraenes, and stanols.  

Weathering and related processes affected distributions of biomarkers and some of 

aromatic hydrocarbons either removing them completely or changing their distributions. It is 

reflected by low extracts yields in these samples. Concentrations of lighter n-alkanes (n-C13- 

n-C22) decreased comparing to longer-chain n-alkanes (n-C23 - n-C34), the same as pristane 

and phytane. The samples, which were weathered over the longest time (the Sieniawa folds 3 

and 4) have not contained diterpenoids nor hopanes. Alkyl aromatic hydrocarbons were also 

affected, with. However, most of functional compounds survived the process, including 

ferruginol, sugiol and other partially aromatizied compounds with functional groups.  

Several functional compounds, occurring mostly in samples from the 3 and 4 fold, 

seem to be related to lignin destruction caused by long time of weathering. Among them there 

are such phenolic derivatives as vanillin, apocynin, and 2-hydroxy-6-methoxyacetophenone. 

Strongly weathered lignites contained also such ethers as ethoxytriethylene glycol and 2-(2-

ethoxyethoxy)-ethanol. Since these compounds are rarely found in unweathered lignites 

(Fabiańska 2008), they can be considered as indicators of lignite weathering .  
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We have investigated three ranks of coals: Bituminous, Subbituminous, and Lignite; 

each containing an increasing amount of inherent oxygen. In previous studies others and we 

have shown that radical density of coals relate to both origin structure and maturity. As 

utilization of coal has an environmental impact investigation of the exposure to air is highly 

important. 

Once coal is excavated it comes into contact with atmospheric oxygen and begins to 

undergo low temperature oxidation. Over the years, there have been several studies related to 

the oxidation process occurring at this low temperature region (30-120C). The mechanism by 

which the molecular oxygen interacts with the coal macromolecule is suggested to occur in 

several steps. These steps primarily involve O2 diffusion to the surface where physical 

adsorption followed by chemical adsorption takes place. The chemical adsorption forms 

several types of oxides that can subsequently react to form several products, primarily CO2. 

It has also been suggested that some of these oxidation mechanisms might involve 

radical reactions. Indeed, several studies in the past have demonstrated that at increasing 

temperatures (100, 200, 300 C) as the coal undergoes significant oxidation, there is a 

decrease in the measured radical concentration. However, as the previous studies were 

conducted under conditions where significant structural changes occur it is possible that in the 

low temperature range (T<100C) the oxidation mechanism is different.  

EPR spectroscopy is a very useful technique enabling the identification and 

determination of the chemical properties of radicals. Several different rank (lignite-

subbituminous-bituminous) coals where isothermally heated at 95C in an air atmosphere for 

a period of up to 6 months and samples were collected at two weeks intervals. Continuous 

Wave Electron Paramagnetic Resonance (CW-EPR) measured the radical concentration of 

each sample. It is apparent that there are distinct differences between the lower rank coals 

(lignite) and the higher rank coals (subbituminous, bituminous). The low rank coals exhibited 
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only carbon-centered radicals with an adjacent oxygen atom and the high rank coals exhibited 

only carbon-centered radicals. Interestingly, the lower rank coals exhibited no change in 

radical concentration due to the long term oxidation treatment while the higher rank coals 

showed a distinct increase in the radical concentration. These findings shed new light onto the 

complex heterogeneous low temperature oxidation reactions occurring at the coal surface. 
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The determination of kinetic parameters of thermal transformation of kerogens is 

essential for evaluating rates of hydrocarbon generation. The parallel first order reaction 

model was successful in describing time-temperature dependency of thermal decomposition 

of kerogens, and it has widely been applied for both lacustrine and terrestrial organics (e.g. 

Ungerer and Pelet, 1987). In the case of relatively immature terrestrial kerogens or coals, 

nitrogen, sulfur, and oxygen rich compounds (NSO compounds) are thought to be the 

petroleum precursor (Behar et al., 2008). However, the structural changes in coal during this 

NSO cracking are not quantitatively understood. In this study, infrared micro-spectroscopy 

and principal component analysis (PCA) were conducted during isothermal open system 

pyrolysis for evaluating structural changes of a coal. 

PCA is a strong method which can objectively detect the correlated peaks or 

components from the complex spectra. Infrared spectra of coal have been classified into 5 

types by their principal components (Bona and Andres, 2008). However, the PCA method has 

not been applied for a coal during the heating process. Since PCA needs a lot of spectra with 

small artifacts or noises, in-situ heating infrared micro-spectroscopy was employed in this 

study to obtain numerous spectra with short time intervals (60 seconds).  

Senakin coal (the Paleogene coal) from South Kalimantan, Indonesia was used here.  

The coal powder dispersed on an Al plate was set onto a heating stage (Linkam FTIR 600) 

and placed under an IR micro-spectrometer. Isothermal heating experiments at 350, 380, 400, 

420 oC were conducted under nitrogen gas flow. At the target temperature, infrared micro-

spectroscopy was conducted using a transflection method with a  aperture.  

PCA of the in-situ heating spectral data indicate two main principal components (PC) 

spectra in the aliphatic CH stretching region (2700-3250 cm-1) of Senakin coal (Fig. 1: 400 
oC). The first PC spectrum (PC1 in Fig.1) corresponds to the global decrease in aliphatic CH 

stretching components (symmetric CH2 at 2850cm-1, symmetric CH3 at 2870cm-1, tertiary CH 

at 2890cm-1, asymmetric CH2 at 2920cm-1 and asymmetric CH3 at 2955cm-1). This CH 

decrease agrees with the analytical results of produced aliphatic hydrocarbons (Rock-Eval). 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 231 -



The scores of this first PC decreased exponentially at each temperature and rate constants can 

be determined by the first order reaction equation.  

The second PC spectrum (PC2 in Fig.1) shows that the aliphatic CH2 / CH3 ratio 

decreased first and then increased from 180 minutes at 400 oC. Longer aliphatic chains were 

considered to be decomposed faster than shorter aliphatic hydrocarbons. The second PC 

spectrum also shows that the aliphatic CH / aromatic CH ratio changes simultaneously with 

the aliphatic CH2 / CH3 ratio.  

The present in-situ heating infrared micro-spectroscopy and principal component 

analysis have been found to be useful for quantitatively evaluating structural changes of 

kerogens. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  The first (PC1) and second (PC2) principal component spectra of aliphatic CH 
stretching region (2700-3250 cm-1) of Senakin coal heated at 400 oC. PC1 shows the global 
decrease in aliphatic CH stretching components. PC2 shows the relative changes in aliphatic 

CH2 (2850 and 2920cm-1), CH3 (2870 and 2955cm-1) and aromatic CH (3040cm-1). 
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Coal-formed gas is the main body of discovered reserves in the world now, and the 

source rock of coal-formed gas is coal bed. According to adsorption principles, the pore 

surface of coal bed can adsorb and desorbs gas with the change of formation temperature and 

pressure conditions. The simulation experiments of coals in the process of temperature and 

pressure decline approximate the real geological conditions, have shown that coal bearing 

formation uplift from 4000 m to 2000 m, desorption gas released from Xujiahe coals reaches 

11-16 ml/g, accounting for 28-33% of total gas expulsion from coals; for uplift from 

4000-6000 m to above 3000 m, desorption gas released from Ordos Upper Paleozoic coals 

reaches 7.5-32.04 ml/g, accounting for 30.6-42% of total gas expulsion from coals. According 

to the results, there is significant gas desorbed and released from coals in the process of 

temperature and pressure decline. Gas expulsion strength is estimated accordingly to be 

3-6×108 m3/km2 during formation uplift of Upper Paleozoic in the Ordos Basin and Upper 

Triassic Xujiahe Formation in the Sichuan Basin, which would become gas sources for these 

two large gas zones at the uplift stage.  

Geochemical characteristics suggest natural gas released at uplift stage has lighter 

carbon isotope （about 4‰ and 2‰ for methane and ethane）and low maturity compared with 

that formed in burial process, indicating that released gas was generated at an early stage and 

then discharged from source rocks due to formation uplift, pressure decline, desorption and 

volume expansion at the later stage. Amounts of gaseous hydrocarbon inclusions have been 

found in the micro-fractures of quartz formed during uplift period. The homogenization 

temperature of coeval saline inclusions of the gaseous hydrocarbon inclusions ranges 
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110-130°C, and the freezing point temperature is -20～-5°C. The high homogenization 

temperature and low freeze point temperature suggest that the hydrocarbon inclusions are 

formed during uplifting period, and the gas accumulation occurred in a large scale. The 

physical simulation experiment designed according to the lithological structure of Xujiahe 

formation, proved the occurrence of desorption and gas expansion in the process of uplift, and 

the quantity of the gas in this period reaches 20-40% of maximum expulsive gas from the 

source rock. 
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Palaeogeogragraphic model depicts that India started moving towards northern 

hemisphere during the late Jurassic after its separation from Gondwanaland until the India-Asia 

collision at ca. 50 Ma (Prasad and Sahni, 2009). Palaeontologists suggest that such prolonged 

periods of physical isolation of India from rest of the world should have resulted in a peculiar, 

endemic Late Jurassic-Cretaceous biota without close affinities to contemporary biota of other 

regions. We investigated biomarkers from Early Cretaceous Indian coal-bearing sequences to 

understand the palaeofloral community of the island continent. The samples have been collected 

from Guneri and Trambau area and Chawad river section of Kutch Basin, Western India. This 

study includes Rock Eval pyrolysis, in order to reveal the thermal maturity as well as 

characterization of kerogen type and identification of biomarkers by GC-MS technique for 

tracing redox condition of depositional environment and palaeovegetation. The pyrolysis data 

shows that samples are thermally immature (Tmax ranges from 416C to 425C) and the source is 

the mixture of Type-II and Type III organic matter. Saturated hydrocarbons are characterised by 

C14 to C35 n-alkanes. Abundance of higher molecular weight part (n-C23- n-C31) (Figure. 1a) and 

odd preferences (Carbon Preference Index value ranges from 1.4 to 3) in the n-alkane series 

suggest the higher plant contribution. Pristane/Phytane ratio (ranges from 0.8 to 2.8) indicates 

suboxic depositional environment. Presence of tetracyclic terpenoids C24- C26 17, 21-secohopane 

in the thermally immature coal samples does not support their thermal origin and association 

with carbonate depositional environment. The major diterpenoids such as norisopimarane, 

labdane, ent-beyerene, isopimarane, abietane, phyllocladane in the aliphatic fraction (Figure. 1b) 

and retene, simonellite, cadalene, dehydroabietane, 2-methylretene, 19-norabieta-4,8,11,13-

tetraene in the aromatic fraction suggests that Araucariaceae and Pinaceae (conifers) dominated 

forest served as a major source of organic matter for the formation of Cretaceous coal-bearing 

sequences in Kutch. Presence of unsubstituted polyaromatic hydrocarbons such as pyrene, 

benzopyrenes, benzofluoranthene, benzo(ghi)perylene indicates occurrence of forest fire (Grice 

et al., 2009). 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 235 -



 

 

 

 

Figure 1. (a) Total Ion Chromatogram (TIC) and (b) m/z 123 partial mass chromatogram of 
aliphatic   fraction of representative coal sample from Kutch Basin, western India. 
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In the Upper Silesian Coal Basin (USCB), one of the largest hard coal basins in 

Europe, coal and coal-related gases (e.g. coal mine methane) have been extracted for more 

than a century. The amount and timing of gas generated during the geologic history of the 

coal basin is only poorly understood. To improve knowledge on the hydrocarbon generation 

potential of coal seams in the USCB, Rock-Eval pyrolysis and non-isothermal open system 

pyrolysis experiments were performed on coals from the principal coal-bearing formations of 

the basin. Observations from early pyrolysis studies led to the assumption that thermogenic 

gas generation occurring during coalification can be simulated by open system pyrolysis 

experiments (Hanbaba and Jüntgen, 1969). While it is not possible to simulate gas generation 

under geological conditions, pyrolysis experiments with coal have been used to estimate the 

amount of gas generated during coalification by extrapolation to geological heating rates 

using experimentally derived reaction kinetic parameters (Hanbaba and Jüntgen, 1969; 

Schenk et al., 1997). These parameters were obtained from pyrolysis experiments assuming 

1st order reaction mechanics and a discrete distribution of activation energies. In the present 

study they were used to model the thermogenic gas generation during basin evolution of the 

USCB. Additionally, the amount of gas likely to be generated during coalification was 

estimated using a mass balance approach and compared with the results of the pyrolysis 

experiments. 

Coals from the two principal coal-bearing sequences of the USCB (paralic Ostrava Fm. 

and limnic Karviná Fm.) are vitrinite-rich, of high- to low-volatile bituminous rank and have 

mostly reached the stage of gas generation and expulsion. Using mass balance calculations the 

volumes of gas generated up to this coalification stage were estimated at 201 m³ per ton of 

Total Organic Carbon (TOC) for methane and 138 m³/t TOC for carbon dioxide. Cumulative 

pyrolytic methane and nitrogen yields ranged between 52 and 79 m³/t TOC and between 4 and 

9 m³/t TOC, respectively. Based on the reaction-kinetic parameters obtained from these tests, 

thermogenic methane generation at a geologic heating rate of 10-11 K/min was predicted to 

reach a maximum between 208 and 246°C. A 1D basin model of the subsidence and thermal 
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history of the study area indicated that major gas generation occurred at maximum burial 

between 319 and 285 Ma b.p. and that no significant methane generation was associated with 

reburial in the Miocene. 

 

Figure 1. Methane generation rates from pyrolysis experiments using different heating rates. 
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Carbonaceous chondrites are organic carbon rich meteorites which preserve the rich 

prebiotic organic chemistry present at the start of our solar system which has been lost from 

the terrestrial inventory. Most of the organic carbon present in carbonaceous chondrites is 

present within a complex aromatic rich organic macromolecule. Hydropyrolysis is an ideal 

technique which facilitates the fragmentation of the macromolecule and has previously been 

applied to the Murchison meteorite (Sephton et al., 2004).  

A total of three carbonaceous chondrites (Murchison [CM2], Cold Bokkeveld [CM2] 

and Orgueil [CI1]) were analysed. Solvent extracted meteorite powders were impregnated 

with an aqueous solution of ammonium dioxydithiomolybdate [(NH4)2MoO2S2]. Dried 

catalyst loaded samples (ca. 250 mg) were placed in the stainless steel reaction tube and 

rapidly heated to 220 ºC and then heated to 520 ºC at 8 ºC min-1 under hydrogen pressure of 

15 MPa at a flow rate of 6 l min-1. The pyrolysate was collected on a silica trap which was 

cooled with dry ice. The pyrolysate was desorbed from the silica using DCM and the products 

analysed by GC-MS and GC-IRMS. 

The main products liberated by hydropyrolysis are aromatic in nature with a range of 

one to seven rings. Abundant compounds include alkylbenzenes, tetrahydronaphthalenes, 

naphthalenes, indanes, biphenyls as well as polycyclic aromatic hydrocarbons (PAHs), pyrene 

is the most abundant component in all three pyrolysates. There are similarities between the 

three meteorites although there are distinguishable differences. Relative to the other 

meteorites analysed Orgueil has the most 13C depleted values for the PAHs; however all the 

meteorites display the same trend. 

The low and high molecular weight aromatic units released by hydropyrolysis exhibit 

δ13C values that are similar to the previously recognised labile organic matter and refractory 
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organic matter portions of the macromolecular material suggesting that the greater efficiency 

of hydropyrolysis may be accessing both fractions unlike less efficient techniques. The 

liberated high molecular weight polycyclic aromatic units from the macromolecular material 

extends a δ13C trend where low molecular weight units (C6 to C11) show increasing 13C 

content with carbon number and high molecular weight (C14 to C20) units exhibit decreasing 
13C content with carbon number. Previously this trend had been recognised in free polycyclic 

aromatic hydrocarbons but now a similar trend in macromolecular units suggests a common 

synthetic mechanism for both fractions for the three meteorites analysed. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Murchison meteorite δ13C compositions of individual hydrocarbon gases and 
aromatic hydrocarbons plotted against carbon number. Symbols reflect free hydrocarbons and 
hydrocartbons released during different pyrolysis techniques. Data are taken from Yuen et al. 

1984, Gilmour and Pillinger 1994, Sephton et al. 1998, Sephton et al. 2001 and this study. 
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Artificial thermal maturation experiments have proven to be useful in providing 

information regarding changes in kerogen and expelled oil; yet there is limited information 

concerning the thermal alteration of vascular plant material, which is a known precursor of 

Type III kerogen. Type III kerogen is known to yield fewer hydrocarbons than Type I and II 

during burial maturation; however the presence of aliphatic biopolymers from terrestrial 

plants, such as cutan and suberan, may lead to production of oil from Type III kerogen. 

Understanding the maturation process of these biopolymers can provide useful insight 

regarding the origin of n-alkanes present in kerogen as well as provide information regarding 

the potential Type III kerogen has to generate oil. 

In this study we employ and demonstrate the effectiveness of subcritical hydrous 

pyrolysis to evaluate the maturation of suberan. We examine suberan from the bark of various 

trees but focus here on the bark of Yellow Birch (Betula alleghaniensis). Yellow Birch bark 

displays a characteristic homologous hydrocarbon pattern of n-alkane and n-alkenes using 

pyrolysis-gas chromatography-mass spectrometry (py-GC-MS) a strong indication for the 

presence of suberan (Turner et al, 2013). We subjected the Yellow Birch bark to hydrous 

pyrolysis at 360 ºC for 72 hours to simulate maturation. GC-MS analysis of a hexane extract 

of the products reveals the presence of a homologous series of n-alkanes (Figure 1) extending 

from C9 to C32. The distribution of n-alkanes recovered is rather similar to the distribution of 

waxy crude oils of Type III source rocks. These results indicate that upon thermal maturation, 

the aliphatic components of Yellow Birch bark are being thermally cracked to saturated 

hydrocarbons and are a primary source of the n-alkanes present in the remaining products. 

This observation is further supported using other analytical tools, including elemental 

analysis (EA), py-GC-MS, and nuclear magnetic resonance (NMR) spectroscopy. 

Our results suggest that during the artificial maturation of Yellow Birch bark the 

aliphatic biopolymer within in the bark, mainly suberan, undergo thermal degradation and are 

likely the main contributors of n-alkanes in systems that potentially form Type III kerogen. 

Suberan biopolymers are being isolated from numerous other plants and plant parts that have 
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the potential to contribute to Type III kerogens and to coals. From these preliminary studies, 

it appears that suberan, and also cutan, can readily explain the existence of waxy crude oils 

typically associated with Type III source rocks. 
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Figure 1. GC-MS displaying the extracted ion chromatogram (m/z 57) of a hexane extract of 
products generated after thermal maturation of Yellow Birch bark using hydrous pyrolysis 

treatment for 72 hours at 360 ºC. 
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The 13C of total carbon in coal as a measure of the initial bulk 13C of the precursor 

plants is often viewed as less reliable and informative than compound specific 13C analysis.  

This is due to differential decay, as the original biomass components e.g. lignin, cellulose and 

aliphatic carbon have different 13C values, and decay at different rates, so altering the 

residual bulk 13C value.  Typically, the less decay resistant cellulose is 5‰ enriched in 13C 

relative to the more decay resistant aromatic lignin, which in turn is 4-5‰ enriched in 13C 

relative to decay resistant aliphatic carbon (e.g. Poole et al., 2004).  One potential means of 

addressing this issue is to measure the 13C of black carbon (BC) (e.g. charcoal), which is 

produced via thermal alteration of biomass during fires.  BC is highly recalcitrant and so 13C 

analysis of isolated BC fractions may provide a more representative sample of the initial plant 

community than that of the bulk coal.  Techniques to isolate BC from coals include a variety 

of chemical and thermal approaches, including hydropyrolysis (hypy), which reproducibly 

facilitates the reductive removal of thermally labile organic matter, leaving behind any 

refractory, polyaromatic carbonaceous material (defined as BChypy) as the residue, which is 

thought to be composed of aromatic clusters with >7 aromatic rings (Meredith et al., 2012). 

 

Studies evaluating the potential of hypy for BC isolation have found that while it is 

able to discriminate BC from most interfering materials, a Palaeocene lignite thought to 

contain no modern BC was seen to contain a small but significant BChypy fraction (Meredith 

et al., 2012).  It was thought that this fraction might be derived from the significant inertinite 

content of the lignite, although while BChypy did not correspond to total inertinite, it was 

closely aligned with the fusinite content.  It is widely accepted that many classes of inertinite, 

especially fusinites and semi-fusinites, have a pyrogenic origin (Scott, 2000), with the higher 

temperature of formation of fusinite, and consequent more condensed aromatic structure will 

lead to its greater stability under hypy conditions. 
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Here we investigate whether the BChypy fractions isolated from a series of sub-

bituminous, Palaeocene coals from the Powder River Basin (USA) correlates with their either 

their total inertinite content, or the distribution of individual inertinite macerals.  We will also 

compare the 13C value of the isolated BChypy fractions to that of the bulk coals, to assess if 

they potentially provide a more accurate terrestrial isotopic record. 
 

 

Figure 1. Comparison between BChypy (BC/OC %) and the high stability inertinite (total 

inertinite – semi-fusinite) content (% by volume) of the Powder River coals. 

 

Figure 1 shows the apparently proportionate relationship between the BChypy (relative 

to TOC) content of these coals and their abundance of the high stability inertinite fraction 

(total inertinite minus semi-fusinite), although it is noted that as the inertinite contents are 

measured by volume the two data sets are not directly comparable.  Together with the bulk 

coal and BChypy fraction 13C analysis, the significance of this apparent relationship will be 

tested by analysing further samples with a range of inertinite contents from across the seam. 
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In an effort to better understand how the gas generation potential of coal changes with 

increasing rank, same-seam samples of bituminous coal from the Illinois Basin 

(Pennsylvanian) that were naturally matured to varying degrees by the intrusion of an igneous 

dike (~270 Ma; Schimmelmann et al., 2009; Strapoc et al., 2007) were subjected to hydrous 

pyrolysis (HP) conditions of 360 °C for 72 hours.  The accumulated methane in the reactor 

headspace was analyzed for 13C and 2H, and mole percent compositional analysis.  

Maximum methane production (9.7 mg/gTOC) occurred in the most immature samples (%Ro 

= 0.5), waning to minimal methane values at %Ro = 2.44 (0.67mg/gTOC), and rebounding to 

3.6 mg/gTOC methane in the most mature sample (%Ro = 6.7), consistent with the findings 

of Lewan and Kotarba (2010). Isotopic results show that the collected methane can be 

ascribed to two processes: 1) released pre-existing microbial methane that was generated in 

situ and trapped in inclusions within the rock during the rapid heating by the dike, and 2) 

methane that was generated from the residual organic matter due to thermal maturation 

induced by hydrous pyrolysis conditions.  Central to this conclusion is the observation that 

methane not thermochemically generated by hydrous pyrolysis has a 2H value that is 

independent of reaction waters.  This is shown graphically in Figure 1 by plotting the 

hydrogen isotope composition of methane vs. the associated water.  Methane from coal 

samples with high initial thermal maturity (%Ro > 4) show essentially no isotopic dependence 

on the reactor water. However, methane from coal samples of lesser initial thermal maturity 

(%Ro < 2.5) show hydrogen isotopic dependence on the reaction water.  Considering the 13C 

values of the methane (Figure 1), it is clear that the gas released from coals under hydrous 

pyrolysis conditions represent a quantifiable mixture of ancient (270 Ma, 13C = -61 ‰) 

microbial and modern (laboratory, 13C = -37 ‰) thermogenic gas.  These findings provide 

an experimental and analytical framework for better assessment of natural gas sources and for 

differentiating generated gas from pre-existing trapped gas in coals of various ranks. 
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Figure 1. Plot of the hydrogen isotopic composition of the methane generated from same-
seam Springfield #5 coal samples under hydrous pyrolysis conditions vs. the hydrogen 

isotopic composition of the water used in the reactions. The methane samples that fall on 
the dashed line with a slope of one are likely in equilibrium with the reaction water at the 

time of generation. Samples that lie off the line, have hydrogen isotopic compositions 
that are independent of the reaction water and were not thermochemically generated 

under hydrous pyrolysis conditions.  Numbers adjacent to data points are initial vitrinite 
reflectance values (%Ro) prior to hydrous pyrolysis. 
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Fossil tetrapyrroles in oils, natural asphalts, phosphorites and coals were first 

identified by Alfred Treibs [1]. Their molecular composition in sediments of type II kerogen 

is well recognized [2], where they occur mainly in DPEP (originating from chlorophylls) and 

ETIO (polyalkyl) structural types as complexes with nickel and vanadyl. Less is known on 

molecular composition of these pigments in type III kerogen [3].  

Tetrapyrrole pigments isolated from seventy two coal samples (East and Central 

Europe, England, Russia, USA, China) covering diagenetic and catagenetic coalification 

stages (vitrinite reflectance 0.2 – 1.5%) were characterized using UV/VIS, MS as well as 1D 

and 2D 1H-NMR. These compounds occur in coals as free bases and complexes with copper, 

iron, manganese and gallium. Copper complexes are observed only in coals of early 

diagenesis, while free bases disappear at diagenetic/catagenetic coalification jump, iron 

porphyrins at oil window peak and most stable gallium complexes at the end of coal 

catagenesis (Ro 1.3%). Their concentration in coal varies, but not does not exceed 10 g/g; 

however at coalification stage of Ro 0.75% (Cdaf 82%) it falls sharply to values below 0.3 

g/g. Only small concentrations of free chlorins appear in coals of early maturation stage. 

Porphyrin ligands in the free bases and metal complexes are dominated by ETIO type 

skeleton.  

Mesoheme (1) and mesoporphyrin are the dominant structures in brown coals of early 

diagenesis. However, protoheme IX is indicated as a main precursor of coal hemes. Its 

artificial maturation in humic (polyphenolic) matrices gave a very similar heme mass 

spectrometry fingerprint to that observed in coal. In the course of coal diagenesis, peripheral 

defunctionalization of tetrapyrrole macrocycle precursor and generation of lower molecular 

mass structures proceeds with domination of even carbon numbered members (Fig. 1). Coal 

catagenesis leads to further defunctionalization of polyalkyl porphyrins and steady lowering 

of the domination of even carbon numbered homologues. Thus, coal maturation is paralleled 

by lowering of coal porphyrins and metalloporphyrins average molecular mass. For 

tetrapyrrole macrocycle, independently of complexed metal, it changes nearly linearly from  
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566 to 410 over vitrinite 

reflectance range from 0.2 to 

0.9%.  

Structural assignment of 

the hemes isolated from coals 

representing diagenetic 

coalification stage revealed the 

main pathways of their 

generation. First steps are: (i) 

hydrogenation of both vinyls in 

protoheme IX leading to 

mesoheme (1), or (ii) one vinyl 

hydrogenation while other 

monodevinylation – structures 

(2) and (3), as well as (iii) 

didevinylation – structure (4). 

All the intermediate products 

generated on the first steps of 

the protoheme IX 

defunctionalization undergo 

stepwise monodecarboxylation 

– structures (5 - 12) and further 

didecarboxylation – structures 

(13 - 16).  

Tetrapyrrole degradation 

during coal catagenesis proceeds 

via benzylic demethylation as 

well as protodemethylation and 

protodeethylation.  
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Figure 1. Diagenetic protoheme IX products from lignite.  
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Lignite is low-rank coal which is formed from original phytomass by peatification, 

followed by coalification and it is intermediate between peat and bituminous coal. 

Unfortunately, composition and structure of lignite is still unclear. Most authors believe that 

coal macromolecules formed mostly from altered biopolymers found in plants (Hatcher 

et Clifford, 1997). Lignite is mainly used as fuel for powerplant but its disadvantages are low 

caloric value and high water content. In this regard, the lignite burning represents wastage 

of a valuable raw material and the solution may be non-energy or non-fuel applications of the 

low-rank coal. Probably the most attractive way is use of lignite as sources for humic 

substances (Kučerík et al., 2003). Further, lignite can be used for sorption of heavy metals 

(Doskočil and Pekař, 2012), the use of coal for making composite materials (Schobert and 

Song, 2002), agricultural application for production of coal-based fertilizers, soil conditioners, 

and humic acids (Song and Schobert, 1996).  

The utilization of coaly material in the agricultural sector is based on the fact that coal 

is valuable source for organic matter in inorganic soils, as well as for its high HA contents, 

which are the most active constituents of coal from an edaphological point of view (Giannouli 

et al., 2009). In order to use organic sediments as soil-amelioration agents or as raw materials 

for manufacturing humic fertilizers, it is important to evaluate their characteristics (Giannouli 

et al., 2009). Due attention is not paied to the solubility behaviour of lignite in contact with 

water. It is well-known that some water-soluble fraction releases from the origin lignite 

material, but further particulars are not sufficiently known in light of impact on soil 

environment. In this preliminary work, the spectroscopic characterization of water-extractable 

fractions was investigated. 

Water-soluble fractions were leached from the South-Moravian lignite by water 

at 25 °C for seven days on a rotary shaker. Every seven day, the extract was separated and 

the residual lignite was again extracted by pure water. Exchange of water was carried out ten 

times. The water extract obtained from lignite was yellow in colour. After the freeze-drying 

process first fraction A was white in colour unlike the others which were light brown. 
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Difference in colour was explained by very high content of salts in the first fraction A. Yields 

of extrats gradually decreased. The tenth fraction I contained insignificant amount of solids 

and on this account other extractions were not performed. The total amount of water-soluble 

fractions accounted for 2.7 % (w/w). The value of pH slightly increased from 5.2 to 5.6. 

On the contrary, the value of conductivity decreased from 1145 μS.cm-1 to 15 μS.cm-1 due to 

lignite desalination. The results were consistent with total organic carbon (TOC) analysis. 

The lowest values of TOC were reached 41 g.kg-1 and 170 g.kg-1 for the fraction A and the 

fraction B, respectively. The other fractions contained on a average 345 g.kg-1 of TOC. UV-

Vis absorbance spectra of water extract from lignite exhibited featureless treds of decreasing 

absorbance with increasing wavelenght. Absorption ratio E253/E203 increased during 

the leaching process and it was indicative of the presence of O-containing functional groups 

on the aromatic ring. Increasing values of absorption ratios E250/E365 and E254/E410 were 

interpreted as increase in the degree of aromaticity and molecular weight of the fractions. 

From analysis of infrared spectra, we deduced that the fractions can be characterized 

by the presence of carboxyl groups, phenols and/or alcohols, aromatic rings, and aliphatic 

structures. Fluorescence spectroscopy revealed that water-soluble fractions of lignite material 

contained fulvic-like substances and humic-like substances in small degree.  
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This study deals with the organic geochemical characteristics, and hydrocarbon 

generation potential of the Kangal coal district, which was developed in a limnic depositional 

environment and contains the Hamal, Etyemez and Kalburçayırı coal fields in the southern 

part of the Sivas Basin. Around Kalburçayırı, the average thickness of each of the two coal 

seams is approximately 10 m and they both are currently being exploited via open-cast 

methods. These coals from are used by the nearby lignite-fired Kangal power station. 

The coals in the Pliocene Kalburçayırı formation of the Kangal basin were formed in a 

fresh-water, calcium-rich depositional environment. This basin was influenced by 

synsedimentary volcanic-ash falls during peat formation. Petrographic analyses of coal from 

the Kalburçayırı, Hamal and Etyemez fields show that the humic coals have high huminite 

contents, relatively low liptinite contents, and low inertinite contents. The most abundant 

macerals of the huminite group are ulminite, densinite and gelinite, and of the liptinite group, 

sporinite, resinite, liptodetrinite, suberinite, and cutinite. Clay dominates in the mineral 

matter, while carbonate phases, pyrite and mineral bituminous groundmass are less abundant. 

The studied coals have a low calorific value; at Kalburçayırı, the average value is 3784 

Kcal/kg, while in samples from the Hamal and Etyemez fields, calorific values are much 

lower. It can be stated that these coals are low quality coals on the basis of their high ash, 

mineral-matter and moisture contents, and low coal rank.   

The composition of biomarkers imply that the coal-forming plants in the Kangal Basin 

were mostly angiosperms, with minor contribution of gymnosperms. High CPI values with a 

predominance of long-chain n-alkanes and a maximum at n-C29 in the lower and central parts 

of the main coal seam are consistent with higher terrestrial plants, probably angiosperm 

leaves, as the precursors. A higher abundance of mid-chain n-alkanes, with a predominance of 

n-C24, may indicate the presence of epicuticular waxes from cones and shoots of fossil conifer 

species (e.g., Pinus). Variations in the pristane/phytane ratio of the coal of the Kangal Basin 
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may indicate changes in redox conditions, but a bacterial origin for the phytane cannot be 

excluded. The type and abundance of hopane detected in the Kangal coals imply bacterial 

activity and also an immature- to early-mature stage for the organic matter or a diagenetic 

alteration of the biomass, as confirmed by huminite-reflectance measurements.  

In the Kangal coal basin, the most important coals from the standpoint of 

hydrocarbon-generation potential are those of Kalburçayırı. On the basis of Rock-Eval 

pyrolysis data, it was determined that the coaly horizons and intercalated rocks have a low gas 

generating potential.  

All parameters indicate a low-grade transformation of organic matter as a consequence 

of unsufficient burial. Thus, we classify the Kangal Basin coals as subbituminous, 

corresponding to a low rank coalification. The coals of the Kangal Basin are not considered to 

have a potential as hydrocarbon source rocks. 
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Two representative early Cretaceous sections, the Shipu and Chong’an sections located 

in Zhejiang Province and Fujian Province in Southeast China, were investigated. The 

sequences outcropped were deposited in tidal, shallow marine and continental lacustrine 

settings1. The radiogenic age determination indicated that several organic-rich black shale and 

grayish black mudstone horizons were deposited during 113±3Ma to 99±2Ma (i.e., from late 

Aptian to Albian) 2, in which episode four well known organic-rich levels, termed oceanic 

anoxic events 1b (OAE1b) were developed worldwide 3, 4.  

A total of 29 and 46 samples from the Shipu and Chong’an sections, repectively, were 

analyzed for organic carbon isotope, total organic carbon, and total nitrogen. Results 

demonstrated that stratigraphic fluctuations in isotopic ratios of organic carbon from the 

Shipu and Chong’an sections had similar patterns. Five common conspicuous δ13Corg negative 

excursions were observed in the two sections (SI~SV and CI-CV in ascendering order are 

given to these δ13Corg negative excursions events). 

The robust covvariation of TOC with N/C (R2 = 0.864) for CI~CIII segments suggested 

that the organic matters of the black shale were mainly terrestrial plants. It is consistent with 

the results of microscope observations and the kerogen type5. On the contrary, the fitting 

equations linking TOC and N/C ratios of black shale from CIV, CV and SI~SIII events are 

reciprocal functions. It indicated that the organic matters of the black shale from CIV, CV and 

SI~SIII segments were mixture of terrestrial plants and algae.  

The δ13Corg linearly decrease along with TOC was observed for the events CIV and CV. 

Combined the two segments were mixture organic origin, we believed that the events CIV and 

CV were caused by an increase in terrestrial plant detritus. On the contrast, the events SI~SIII 
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were also mixture organic origin, but the negative linear correlation between δ13Corg and TOC 

was unexpected. It implied that there is another factors affected the δ13Corg of segments 

SI~SIII. This phenomenon was also observed in the events CI~CIII. In consideration of the 

events CI~CIII were consist of plants, we believed that the events SI~SIII and CI~CIII might 

result from the disturbance of carbon isotope of CO2 reservoir. The tentative correlation 

between the δ13Corg negative excursion events SI~SIII, CI~CIII, and the (OAE1b) in the 

Tethys and Pacific basins implied that the black shale SI~SIII and CI~CIII in terrestrial 

sequence in costal southern China should be the equivalents to OAE1b6 (Figure 1).  

 
Figure 1. Stratigraphic carbon isotopic correlations of the δ13Corg negative excursion events 

in the Shipu and Chong’an sections with the cotemporaneous Oceanic Anoxic Events. 
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Organic geochemistry of the Neoproterozoic dispersed organic matter (OM) from 

carbonate and argillaceous rocks of Malgin, Kumakhaa and Ignikan Formations (1100-850 

Ma) in the south-east of the Siberian Platform (river Maya) have been studied. TOC in the 

mudstones and siltstones is of 1.0-13.6 %, in limestones – 0.1-0.6 %; chloroform-extractable 

bitumen (CEB) concentrations are of 0.02-0.44 %; δ13C of the kerogen, autochthonous and 

allochthonous CEB corresponds to marine OM (from −33.4 ‰ to −30.6 ‰). Judging from 

the Rock Eval Tmax (438-442 ºC), OM was subjected catagenesis within stage MC1
2.  

In autochthonous CEB, maximum of n-alkane occurs at n-C16-17 (Figure), low n-C27/ 

n-C17 ratio (<1) indicates a marine source of OM. In the Kumakhaa and Ignikan Formations, 

in small but identifiable amounts (7.3-9.0%) mid-chain branched alkanes have been detected 

which previously found in the Neoproterozoic – Lower Cambrian oils of the Siberian 

platform [1-3], in Neoproterozoic oils and source rocks of Oman [4, 5]. Low Pr/n-C17 and 

Ph/n-C18 ratios are a sign of good preservation of hydrocarbons (HCs) from biodegradation 

processes.  

In tricyclanes of the autochthonous CEB C20 dominates (Figure), therefore the 

tricyclane index 2C19-20/C23-26 >1, that is not characteristic for HCs of marine origin [2]. 

Homohopanes concentrations of the autochthonous CEB decrease with increasing molecular 

weight (Figure), the C35/C34 ratio is less than 1, indicating OM diagenetic transformations in 

the reducing environments without high content of hydrogen sulfide in bottom waters. The 

Ts/Tm ratio (<1) is characteristic for marine OM, subjected to diagenesis in a reducing 

environment, thermobaric treatment at mezocatagenesis, and not affected by hypergenesis. 

Approximately equal concentrations of C27 and C29 steranes are typical for black shale 

deposits of marine origin and corresponds to the OM, the precursor of which were marine 

planktonic autotrophic (C29 steranes), as well as heterotrophic organisms (C27 steranes) [1]. 

Such distribution of steranes were observed in the Proterozoic oil of the MacArthur basin in 

Australia, Upper Proterozoic oil of the Tishkovsky field in the East-European platform [3], as 
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well as in CEB from the Neoproterozoic of Yenisei Ridge and Baikit anteclise at the Siberian 

platform [6]. High diasterane concentrations (Dia/Regul – 0.3-0.5) indicate that the initial 

OM was accumulated in the basin with prevailing clay sedimentation [7]. 

In the allochthonous CEB, the distribution of biomarker HCs observed having 

variations (Figure). Malgin bitumens have tricyclane index 2С19-20/С23-26 <1, and one of them 

– with С35/С34>1 and Dia/Regul = 0.2. Therefore, there is probable source rock in the 

sequence, similar in the distribution of hopanes and tricyclanes and the content of diasteranes 

to the most common oils of the Siberian platform [1-3 and others]. 
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Microbialites (microbial carbonates) represent the first fossil evidence of life on Earth 

and microbial mats forming microbialites were ubiquitous in early Earth history. Beginning 

from the Middle Ordovician (ca. 480 Ma), reef-forming skeletal metazoans evolved and 

diversified, which resulted in an overall decline in microbialite occurrences. However, this 

overall decline was interrupted by phases of reefal microbialite recurrences. Particularly, in 

the aftermath of mass extinctions, microbial mats have been major components of marine 

ecosystems. After the most severe mass extinction at the Permian-Triassic boundary (PTB, ca. 

252 Ma), the Palaeozoic skeletal carbonate factory was replaced by microbial communities, 

which formed microbial carbonate deposits including reefs that covered wide areas on the 

Early Triassic ocean margins. Despite intensive research, the causes and modes of the revival 

of reefal microbialites is still enigmatic. 

This study is designed to identify the involved benthic microbial communities and to 

unravel the formation mechanisms of Early Triassic microbialites. Lipid biomarkers and their 

compound-specific carbon isotopes, as well as stable carbon and oxygen isotopes of the 

carbonate were analyzed, all based on a detailed petrographic characterization of well 

preserved samples from Iran and Turkey. 

Microbialites contain abundant n-heptadecane (n-C17/n-C18 >1), representing input 

from cyanobacteria. This compound shows the most negative 13C values (–36 to –32‰). 

Further detected microbial fossils are pseudohomologue series of head-to-tail isoprenoids C21-

C25, which most likely derive from halophilic archaea. Archaeal biomarkers show a slight 13C 
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enrichment relative to the other biomarkers (–32 to –27‰). Input of other prokaryotes is from 

anoxygenic phototrophs (farnesane: –31 to –27‰, isorenieratane) and sulfate-reducing 

bacteria (iso-/anteiso-C15 and C17 alkanes: -30 to -29‰). These compounds are also enriched 

in 13C compared to n-heptadecane. The clotted and peloidal microfabric of the studied 

microbial carbonates is in accord with a flourishing benthic population of prokaryotes on the 

Early Triassic seafloor. Interestingly, abundant fossil evidence of oxygen-dependent 

metazoans like bivalves, gastropods and sponges, as well as ostracods and foraminifera was 

found.  

Cyanobacteria, halophilic archaea, anoxygenic phototrophs and sulfate-reducing 

bacteria apparently formed a benthic, layered community. Such microbial mats are known 

from modern shallow marine, hypersaline environments. Abundant cyanobacteria, as well as 

the observed metazoans indicate a well oxygenated environment. Thus, the Early Triassic 

marine benthic community may have been more diverse than previously suggested in many 

paleoenvironmental reconstructions. The biomarker signatures and possibly the clotted and 

peloidal microfabrics indicate that heterotrophic processes may have contributed to 

microbialite formation on the margins of the Neotethys during the earliest Triassic.  
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This paper presents the results of the study of the saturated hydrocarbon fraction of  

autochthonous bitumen extracts from the collection of rock samples (D3-P1)-92 from 15 wells 

of southwestern Western Siberia (Kurgan region), in which C10-C40 normal alkanes, C13-C25 

isoprenoids, and cyclic biomarker hydrocarbons of sterane (C21-C22 and C27-C30) and terpane 

(C19-C35) series have been identified (Figure. 1 ). 

 

Figure 1. Type mass fragmentograms of normal alkanes (m/z = 71), terpanes (m/z = 
191), steranes (m/z = 217, 218) of the saturated fraction in Paleozoic bitumen extracts of 

southwestern Western Siberia (Kurgan region). 
 

In normal alkanes, most bitumen extracts are dominated by C16, C17, and C18 

hydrocarbons (up to 28.0% of the total n-alkanes), showing a unimodal distribution. The 

C27/C17 n-alkane ratio in the bitumen extracts is less than 0.5. Among isoprenoids, pristane 

and phytane are predominant (to 37.4 and 41.0% of the total isoprenoids, respectively). The 

pristane/phytane ratio (Pr/Ph) in the bitumen extracts varies from 0.4 to 1.3. In most of the 

samples, the ratio of the total concentrations of normal and isoprenoid alkanes does not 

exceed 5. 
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In bitumen extracts the values of cholestane and ethylcholestane concentrations in the 

steranes (C27-C30) are comparable, in most bitumen extracts the C29/C27 sterane ratios are ≤ 1, 

and in individual ones they reach 1.3. The concentrations of C28 and C30 hydrocarbons do not 

exceed 28 and 5% of the total steranes, respectively.  

In 58% of the bitumen extracts, terpanes (C19-C35) have the maximum concentrations 

of tricyclanes – 47.5-81.7% of the total terpanes, and hopanes account for 14.6-46.9% of the 

total terpanes. The other bitumen extracts are dominated by hopanes (47.7-70.8% of the total 

terpanes), and the tricyclane content is increased, 14-45.3% of the total terpanes. The 

proportions of moretanes and tetracyclanes in the bitumen extracts do not exceed 18 and 4% 

of the total terpanes, respectively. C30 hydrocarbons are predominant in hopanes and 

moretanes. The values of the C35 to C34 homohopane ratio in the bitumen extracts are < 1. 

Tricyclanes have maximum concentrations of C23-C26 hydrocarbons, to 55% of the total 

tricyclanes. C19-C20 low-molecular tricyclanes account for 8-25% of the total tricyclanes. In 

most bitumen extracts the tricyclane index (2 (C19 + C20) / ΣCi; I = 23, 24, 25, 26) is < 1. 

Thus, for the bitumen extracts from the Paleozoic (D3-P1), the values of biomarker 

parameters (unimodal distribution of n-alkanes with the maximum at C16-C18 hydrocarbons, 

the ratios: n-C27/n-C17 <0.5, Pr / Ph <1.3, C29/C27 steranes ≤ 1, cheilanthanes 2 (C19 + C20) / 

ΣCi (i = 23, 24, 25, 26) <1.0, the cheilanthane content in most bitumens > 30% of the total 

terpanes) suggest that the source OM is of aquagene genotype. The concentration ratio values 

of trisnorhopanes (C27) Ts and Tm, as well as 20S/20R, 20S/20S+20 R, αα20S/αα20R in 

ethylcholestanes (C29), the absence of biohopanes, hopenes and the low CPI values indicate 

that the degree of OM catagenesis in Paleozoic rocks is no lower than the grade MC2. Judging 

by the reflectance of vitrinite, alginite, bituminite and sorbomixtinite (R0=1.00-6.01%), the 

degree of OM catagenesis in the studied samples varies considerably across the area - from 

grade MC2 to AC3. [1] 
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It is widely accepted that the oxygenation of the previously anaerobic Earth was 

initiated by the oxygenic photosynthesis of cyanobacteria (Allen and Martin 2007). However, 

there is a great dispute over the timing of the origin of oxygenic photosynthesis. The presence 

of cyanobacteria at least as early as 2.7 Ga is suggested by the presence of 2α-methylhopanes, 

biomarkers thought diagnostic for cyanobacteria (Summons et al. 1999), but which are now 

also known from other bacterial groups (Rashby et al. 2007). This is well before the Great 

Oxidation Event at 2.4 Ga, when atmospheric free oxygen first appeared in appreciable 

quantities. However, some researchers have rebutted this evidence (Rasmussen et al. 2008), 

by demonstrating that some of the biomarkers are contaminants. 

The syngeneity of organic compounds, including the biomarkers for cyanobacteria in 

Archaean rocks, is now being critically assessed, with a focus on the record preserved in the 

Fortescue Group of the Pilbara region in Western Australia. For this study, a number of 

samples from different lithologies have been investigated, including a sample of stromatolitic 

carbonate (Figure 1). The sample contains aliphatic compounds including n-alkanes, 

alkylcyclohexanes, pristane and phytane, and also aromatic compounds including 

naphthalenes, phenanthrenes, biphenyls, and pyrenes. Their distribution reveals the high 

thermal maturity of the collected rock, which is consistent with the observation that no 

specific biomarkers such as hopanes and steranes were detected. Another interesting result is 

that several high molecular weight polyaromatic hydrocarbons (PAHs) were found in one 

sample. There are few previous reports of similar observations (Brocks et al. 2003) and no 

consensus in regards to the interpretation. The PAHs may provide us with another source of 

useful information about the Archaean biota, and so their occurrence and distribution is 

currently being analysed. 
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Figure 1.  Meentheena Locality (AMG 51K 0230874E, 7641769N) 
(Columnar stromatolites, Tumbiana Formation, Fortescue Group) 
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Figure 2.  Selected ion chromatograms (m/z 57, 128, 154, 178, 202) of extracted organic 
matters from a stromatolitic carbonate (Meentheena Locality) 
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We measured branched glycerol dialkyl glycerol tetraether (GDGT) lipids in a 

sediment core from and soils surrounding Lake McKenzie on Frazer Island to produce the 

first quantitative record of terrestrial temperature variability from coastal subtropical eastern 

Australia that extends to both the Last Glacial and Holocene periods. We evaluated different 

branched GDGT calibrations that could potentially be applied to infer temperatures from the 

observed branched GDGT distribution in the sediment core of this lake. In situ production of 

branched GDGTs in Lake McKenzie appears to be minor or non-existent based on the 

observed nearly identical branched GDGT distributions in the top sediment and the 

surrounding soils of the drainage basin and that the reconstructed pH values from the top 

sediment are nearly identical to soil pH values compared to the slightly acidic water column 

of Lake McKenzie. Since the branched GDGTs in Lake McKenzie appear to have a 

predominantly soil origin inferred temperatures of both the soil calibrations of Weijers et al. 

(2007) and Peterse et al. (2012) were compared to the local instrumental measured 

temperature record. Applying the Peterse et al. (2012) calibration to the branched GDGT 

distribution observed in the top sediment yielded a temperature that was nearer to the 

instrumentally measured Mean Annual Air Temperature (MAAT) over the age interval of this 

sediment slice compared to the Weijers et al. (2007) calibration model. Additionally the top 5 

sediment slices from Lake McKenzie overlapped in ages with the last 90 years of the local 

instrumental record allowing for investigating which calibration better captured the historic 

temperature variability over this period. Inferred temperatures using both applications showed 

strong correlations with the instrumental MAAT record (R2=0.95 and 0.98), but application of 

the Weijers et al. (2007) calibration tended to systematically overestimate amplitude of 
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measured temperature variability, while the inferred amplitudes with the Peterse et al. (2012) 

calibration where significantly closer to the historic temperature variability. The high degree 

of agreement between branched GDGT inferred temperatures and the instrumental record as 

observed in Lake McKenzie suggests that the applied proxy and calibration accurately 

captured the historical temperature variability. To our recollection this is the first time such a 

good agreement is observed for the application of this proxy to a lacustrine sediment core. 

The produced record of temperature variability goes back to about 37,000 years and provides 

new evidence for an extended Last Glacial Maximum (LGM) on the Australian continent. The 

4oC temperature anomaly at the LGM observed in the Lake McKenzie record is significantly 

higher compared to previous estimates for the LGM temperature anomaly from the 

subtropical western Pacific Ocean. Additionally the record from Lake McKenzie provides a 

first insight into the timing and amplitude of higher temperatures during the mid-Holocene 

maximum for subtropical eastern Australia. 

 

REFERENCES: 
 
Peterse, F., van der Meer, J., Schouten, S., Weijers, J.W.H., Fierer, N., Jackson, R.B., Kim, J.-

H., 2012. Sinninghe Damsté, J.S. Revised calibration of the MBT-CBT paleotemperature 
proxy based on branched tetraether membrane lipids in surface soils  
Geochimica et Cosmochimica Acta 96, 215-229. 

Weijers J.W.H., Schouten S., van den Donker J.C., Hopmans E.C., Sinninghe Damsté J.S., 
2007. Environmental controls on bacterial tetraether membrane lipid distribution in soils. 
Geochim. Cosmochim. Acta 71, 703–713. 

 
 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 264 -



ANALYSIS OF HOPANES IN CALIFORNIA OFFSHORE SEDIMENTS FOR 
THE PALEO-ENVIRONMENTAL STUDY 

 
Masatoshi NAKAKUNI1 , Osamu SEKI2 , Shuichi YAMAMOTO1* , Ryoshi ISHIWATARI3 

and ODP Leg 167 Shipboard Party 
 

1. Department of Environmental Engineering for Symbiosis, Faculty of Engineering, Soka 
Univ., 1-236, Tangi-cyo, Hachioji-shi, Tokyo, 192-0003, Japan 

2. Institute of Low Temperature Science, Hokkaido Univ., Kita-19, Nishi-8, Kita-ku, Sapporo, 
Hokkaido, 060-0819, Japan 

3. Geotec Inc., Takaido-nishi 3-16-11, Suginami, Tokyo, 168-0071, Japan 
*) Corresponding author: syama@soka.ac.jp 

 
California margin sediments in the Northern Pacific Ocean have been researched for 

understanding paleo-environment because they preserve the records of short-term climatic 

events, such as Dansgaard-Oeschger Cycles and related oceanographic changes. However, 

such environmental changes and their relation to the global climatic changes have been still 

unsolved. To further understand the paleo-environmental chan-ges, the present study 

examined the ver-tical distributions of hydrocarbon compo-unds in the sediments obtained by 

Ocean Drilling Program (Leg 167, Hole 1017E), which represent the history of over 55 kyrs.  

 

 

 

 

 

 

 

 

 

Figure 1. Vertical distribution of SST(Sea Surface Temperature, a), 
Dirnrhopane (b) and 22S-17(H),21(H)Hopanes (c). 

a 

b 
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As a result, several hopanes that originate from petroleum such as dinor-hopane[1] 

were identifyed (Fig.1 : b , c), and their compositions were identical to those of the petroleum 

identified in Monterey formation located along with the Californian coast. Specifically, 

petroleum type compounds (Fig.1 : b , c) rapidly increase on B/A event (Fig1 : Gray area). It 

suggest that the matured organic matters containing hopanes, were transferred to the 

California margin through erosion by fused water of the glacier[2] covered the Californian 

crests.  
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Seven carbonate-rich beds of the Pollenzo section (Tertiary Piedmont Basin, NW Italy) 

interbedded with euxinic shale/marl couplets record the onset of the Messinian Salinity Crisis 

(MSC) (Dela Pierre et al. 2012). Their great variability of sedimentological features and 

carbon and oxygen stable isotope compositions is accompanied by major changes in the lipid 

biomarker inventory, particularly concerning the archaeal lipids. The pre-MSC carbonate beds 

are mainly composed of dolomite and show low 13C values (as low as 17‰ in the 

lowermost bed). The archaeal lipids are predominantly represented by glycerol dibiphytanyl 

glycerol tetraethers (GDGTs), resembling distributions found in marine planktic 

thaumarchaea. GDGT-0 and crenarchaeol make up between 65 and 80% of all GDGTs.  The 

GDGT-0/crenarchaeol ratio is around 1 in the pre-MSC samples. The 13C values of the 

GDGT-derived biphytanes mostly range between –22 and –20‰ in the pre-MSC carbonate 

beds, agreeing with planktic thaumarchaea as major source. Only in the lowermost bed, 

acyclic biphytane shows a 13C of 9‰ compared to the other, cyclic biphytanes, which 

most likely reflects a contribution from sedimentary archaea, probably methanogens. 

Archaeol was found in all pre-MSC beds with increasing contents from the lowermost bed to 

the onset of the MSC. On average, the GDGT-0/archaeol ratio in the pre-MSC beds was 4. In 

all pre-MSC samples, archaeol was slightly depleted in 13C compared to the GDGT-derived 

biphytanes (av. 13C: –4‰), possibly also pointing to input from methanogens. Apart from 

archaeal biomarkers, pre-MSC beds contain non-isoprenoidal dialkyl glycerol diethers 

(DAGEs), but especially a DAGE with two C15 alkyl chains and 13C values ranging from –

33 to –27‰, probably derived from sulphate-reducing bacteria.  

With the onset of the MSC, the mineralogy of the carbonate beds changes to calcite, 

showing 13C values of around –7‰. Major changes in the biomarker inventory are (1) a 

gradual shift of the GDGT-0/Ar ratio from 4 to 0.5 which is accompanied by (2) a minor shift 
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of the GDGT-0/crenarchaeol ratio from 1 to 2, ultimately rising to 13 in the uppermost bed, 

and (3) the absence of DAGEs. The 13C values of the thaumarchaeal biphytanes (bp-2 and 

bp-3) and archaeol are by 3‰ heavier than in pre-MSC times. In contrast, GDGT-0 is 

enriched in 12C by 5 to 10‰. As envisaged for the lowermost pre-MSC bed, sedimentary 

archaea (possibly methanogens) may have contributed to this isotope pattern. The pre-MSC 

signature of marine planktic thaumarchaea admixed with sedimentary archaea has 

consequently changed after the MSC onset to a signature typified by halophilic archaea 

(archaeol) with contributions from sedimentary archaea (GDGT-0). Our results are in 

accordance with the palaeosalinity index (ACE) of Turich and Freeman (2011), which was 

applied for the studied beds. The values found for the pre-MSC beds were around 20 

(indicating normal marine values), but increased dramatically after the onset of the MSC to a 

maximum value of 68 in the uppermost bed, clearly indicating strong evaporation. The 

Messinian carbonate beds revealed to be good archives to study environmental change in a 

profile reflecting a transition from normal marine to extreme, hypersaline conditions. 
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Organic rich Upper Cretaceous chalks, marls, and shales in the eastern Mediterranean 

region are attributed to a high flux of nutrients emplaced by an extensive coastal upwelling 

that operated during the Late Cretaceous along the SE Tethys margin. In this study, 209 core 

samples from the Turonian – Upper Campanian rock succession in north Lebanon were 

collected and analyzed for their organic matter (OM) content, quality, thermal maturity, and 

depositional environment. This work provides a contribution to the relatively scarce 

geochemical information available for the eastern Mediterranean and discusses its implication 

on paleogeographic reconstruction and future petroleum exploration.  

Total organic carbon (Corg), total inorganic carbon (Cinorg), and total sulfur (TS) were 

measured on all samples. Rock-Eval pyrolysis, vitrinite reflectance, macerals analyses, 

organic geochemical analyses by means of gas chromatography – flame ionization detection 

(GC-FID) and gas chromatography – mass spectrometry (GC-MS) on aliphatic hydrocarbons, 

total iron (Fe) measurement, and organic carbon isotopes (δ13Corg) measurement were 

performed on a selection of representative samples. 

The Corg measurements revealed an organic rich interval of ca. 150 m confined to the 

upper Santonian – mid upper Campanian with an average of 1.9 % Corg. The TS and Corg 

values show a positive correlation implying a deposition under reducing conditions. A 

negative correlation between Corg and TS/Corg is explained by the low Fe values, implying that 

at low Corg content H2S was locked in pyrite and resulted in a very variable and high TS/Corg 

ratio, and at high Corg content the iron was limiting the pyrite formation and hence the H2S 

was incorporated within the organic matter, which due to the limited ability of sulfur intake 

into the organic compounds, leads to a relatively stable and lower TS/Corg ratio. The n-alkanes 

distribution pattern in all analyzed samples shows a dominance of short chained (<C20) n-

alkanes, typical for algae/phytoplankton derived organic matter. The C27 − C29 regular 

steranes distribution, the high regular steranes/17α-hopanes ratio (>1), and the high C31 22R 
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homohopane/C30 hopane ratio (>0.25) confirm a marine algal source of organic matter. The 

δ13Corg record (-29.37 to -27.11‰) matches quite well the expected values for Cretaceous 

marine organic matter. This could imply that no considerable diagenetic alteration has 

affected the primary isotopic signature. High HI values ranging from 400 to 900 mg/g reflect 

the very good preservation of the organic matter and the excellent source rock potential. 

Maturity parameters including vitrinite reflectance, Rock-Eval Tmax, C29 sterane and 

C31 homohopane isomerization ratios, and carbon preference index all point towards the 

thermal immaturity of the studied succession, which did not reach the oil generation window. 

 

 

 

Figure 1.  TS and Corg values of the Turonian, upper Santonian, and Campanian in north 
Lebanon. 
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The Early Cretaceous Yixian Formation, marked by yielding fossils of the Jehol Biota, 

has been developed during intensified volcanic activity. Here, we studied the abundance and 

composition of total organic carbon, aliphatic hydrocarbons including biomarkers, andδ13C 

composition of individual compounds in outcrop samples of the Yixian lacustrine Formation 

(K1y
3) in the excavated Sihetun Fossil Museum section in western Liaoning, China. 

According to evidence of biostratigraphy and radiometric ages, the Yixian Formation is 

mainly Barremian-Early Aptian in age. The low pristine/phytane ratio (Pr/Ph﹤0.8) and 

maturity parameters suggest the organic matter preserved well and unaffected by diagenetic 

alteration, so the composition of aliphatic hydrocarbons including biomarkers, andδ13C 

composition of individual compounds can best reflect paleoclimate. The distribution of 

n-alkanes in the lowest and upper most section of K1y
3 indicate that the organic matter largely 

originated from land plants, bacteria and algal organisms second. However, the distribution of 

n-alkanes in the middle section of K1y
3 show that the organic matter mainly derived from 

algal organisms. Theδ13C composition of n-alkanes show a ~5‰ negative excursion in the 

lowest section of K1y
3, revealing a strong 13C depletion of the Early Cretaceous atmosphere. 

The magnitude of this carbon disruption can be explained by the abnormal injection of 

isotopically light carbon into the atmosphere, magmatically derived CO2 and methane gas 

hydrate are the most tenable sources. The concurrent changes of source inputs and the δ13C 

composition of n-alkanes reflect varied climate during the Early Cretaceous. In addition, a 

large number of researches all have shown a striking negative excursion of theδ13C 

composition during the Early Aptian both in marine and terrestrial, which coincident with the 

negative excursion of K1y
3. The coupling may help correlate the Yixian Formation with 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 271 -



International stratigraphic accurately.  
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Ocean currents transport heat and moisture around the globe and are therefore a 

critical factor in the Earth’s climate. Salinity, along with temperature, determines the density 

of seawater and thereby the sinking of water masses, affecting the overturning circulation. 

Being able to reconstruct paleo-salinity could, therefore, yield important information about 

past ocean circulation and the global water cycle. However, at this moment paleo-salinity 

cannot be determined with enough accuracy to give reliable salinity estimates (Rohling, 2007). 

Since the hydrogen isotopic composition (δD) of marine haptophyte derived alkenones is 

determined by the δD of the growth water, salinity and to some extent growth rate (Schouten 

et al., 2006), the δD of alkenones is a new powerful tool for reconstructing past variations in 

salinity in natural environments (van der Meer et al., 2007).  

The aim of this work is to understand the importance of salinity and freshwater 

discharge on the δDalkenones in the natural environment by comparing δD of alkenones from 

two West-African sediment cores (GeoB1023-5 and GeoB4905-4) spanning the last 21 kyr. 

GeoB1023-5 is located off Namibia in the eastern Angola Basin and influenced by SE trade 

winds that induce coastal upwelling. GeoB4905-4 is located off Cameroon in the Gulf of 

Guinea and is affected by freshwater discharge of the Sanaga and Niger Rivers. 

Our initial results show a large variability of the two δD records. To assess the 

potential effects of growth variability we studied the carbon isotopic composition (δ13C) of 

the alkenones since this is determined mainly by the growth rate of the organism. The 

δ13Calkenone records for both cores show no significant shifts over the entire record, suggesting 

that growth rate has not changed significantly. Thus, the main driver of the δD records in both 

cores was presumably salinity. 

The δDalkenone values for the core from the upwelling region ( GeoB1023-5) show a 

decrease, suggesting lower salinity, from 15 – 12.5 kyr BP, very similar to the foraminifera 

derived δ18Oseawater values (Fig. 1). The timing of this shift in salinity fits with the Antartic 
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Cold Reversal (ACR) and meltwater pulse 1A at about 14.7 kyr BP. Alternatively, the salinity 

shift could be a local effect due to higher precipitation and runoff by the Cunene River during 

the summer as a result of a more southerly position of the ITCZ during austral summer. The 

river influenced core, GeoB4905-4, shows a higher variability in the δDalkenone compared to 

the one from the upwelling site,  potentially due to variability in freshwater runoff.  

We are currently increasing the sample resolution for both settings in order to further 

constrain the effects of salinity and freshwater discharge on the eastern tropical Atlantic 

Ocean. 
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Figure 1. δD of C37 alkenones (ice volume corrected) (A), fractionation factor α between 
alkenones and water δD (B), δ18Oseawater (PANGAEA database (Mulitza et al., 1999)) (ice 
volume corrected and based on G.bulloides) (C) and UK’

37 SST (Kim et al., 2002) (D) of 
GeoB1023-5 versus calibrated age. 
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The deep-water part of the Arctic Ocean is the final basin of sedimentation and its 

sedimentary structure represents the stratified sequence of various flows particularly 

controlled by the Late-Cenozoic climate changes. Study of the dispersed organic matter 

(DOM) and its components in the bulk bottom sediments is essential for the sequence 

determination of the bioproductivity controlled marine and terrigenous sedimentary flows.  

Sediment cores (up to 10 m length) were collected during the cruise of the icebreaker 

“Rossiya”, using hydrostatic gravity cores along the meridional profile of the Lomonosov 

Ridge axial part. Samples for the cameral research were stored in the sterile boxes at ~18°C 

below zero. The standard analytical procedure included determination of elemental 

composition of sediments (Corg, Norg, Ccarb), group and molecular structure of the DOM 

soluble part (n-alkanes, cyclanes, polyaromatic hydrocarbons - PAHs) using methods of 

preparative liquid chromatography and GC-MS with an Agilent Technologies GC System 

6850/5973. 

The studied sediments section can be divided into two parts: the upper one consists of 

brown and olive-colored “oxygenated” alternate layers, the lower - of gray aleuropelites. The 

oxygenated sediments are > 8m thickness in the south-part of the profile and ~3.5 in the 

north-part. Low content of DOM (TOC<0.2%), bitumoids and the absence of humic acids 

(HAs) are characteristic. The sharp (more than 2 times) increase of the total DOM content 

(TOC>0.5%) and its soluble components was observed in the lower gray-colored part of the 

section. Herewith, kerogen content declines (residual OM˂80%) and identification of HAs in 

the composition of DOM testifies to the significant decrease of its transformation level.  

Molecular markers distribution correlates with the basic geochemical parameters, 

indicating also the abrupt changes in sedimentation conditions. Bimodal character of the n-

alkanes distribution testifies to the mixed genesis of DOM and its postdiagenetic stage of 

transformation in the upper part of the section (С17-19/С27-31= 0.3; ОЕР17-19 ~1;ОЕР27-31 ~3). 

The main source of the sedimentary material considered to be terrigenous. Cyclic 

hydrocarbons predominantly contain altered structures (hopanes C30 βα/(αβ+βα)=0.1 and 
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steranes C29 20S/(20S+20R) =0.46) of the mixed origin (St27/St29=1.07; St28/St29=0.70). 

Phenanthrene and its alkylated homologues dominate in the PAHs composition. 

The strong predominance of slightly transformed humic constituents of n-alkanes is 

characteristic for the gray-colored sediments from the lower part of the section (С17-19 /С27-31= 

0.10, ОЕР27-31 up to 7). High values of ββ-hopanes and hopenes (C30/(+)=0.94; 

C31/(+)= 1.09; Te/(Ts+Tm)= 0.56) were found in the cyclanes composition, content 

of geosteranes was the minor. Oleanene structures (Olean-12-ene and D-friedoolean-14-ene) - 

intermediates of the β-amyrins and taraxoles transformation process, which are specific to the 

land angiosperms (Nguyen et al., 2003), were identified on the mass-fragmentogram (m/z 

218). Terrigenous molecular markers (cadalene, retene, tetrahydrochrysene and perylene) also 

dominate in the PAHs composition, furthermore the perylene availability testifies to the 

reductive conditions during early stage of diagenesis. 

The complex of lithological and organic-geochemical data allows us to conclude the 

high-speed accumulation of the gray-colored aleuropelites, rich in DOM. Correlation of the 

studied sediment sections with the published data (Yamamoto et al., 2008) suggests this 

incident at the junction of 6 and 7 marine isotope stage (МIS) in the end of the warmest 

period. The possible supply could proceed from rivers, coming closer to the shelf margin 

during the progress of the sea regression and discharging the bulk of material on the southern 

ending of the Lomonosov ridge. This hypothesis is consistent with the presence of river 

paleovalleys on the Laptev Sea shelf. The subsequent change of the lithological and 

geochemical composition of sediments and their “oxigenated” view evidences the significant 

deceleration of the sedimentation rates. In this case, the main sedimentary material supply is 

determined by the seasonal pack ice, coming to the central part of the Arctic Ocean with the 

Transatlantic Drift. 
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The Roñanzas bog N Spain (UTM 30 T 365083 4803428; height 256 m.a.s.l.) covers a 

surface of 20 ha in an Atlantic climate region with humid temperate winters and occasional 

droughts in the summer. The profile has 254 cm depth and the ombrothrophic regime (with 

ash below 3%) started at 5500 cal. yr BP (224 cm depth). The present day vegetation is 

dominated by Sphagnum with herbaceous plants and heather being subordinate. In this study 

the distribution of some biomarkers with potential as palaeoenvironmental proxies quantified 

by gas chromatography/mass spectrometry on the dichloromethane/MeOH extracts of the 

samples, together with bulk 13C isotopic data are discussed.  

The chromatographic profiles of total extracts are dominated by n-alkanes (C23-C33) 

and n-alkane-2-ones (K19-K33) with strong odd predominance for both series of homologues, 

and functionalized triterpenoids. The Paq ratio (∑[C23,C25]/∑[C23,C25,C29,C31]) defined to 

distinguish input from aquatic/floating plants vs. emerged vascular plants (Ficken et al., 2000)  

can be used in strictly terrestrial settings to distinguish Sphagnum vs. herbaceous/woody 

plants based on the concentrations of individual n-alkanes in the different plants (Nichols et 

al., 2006). High values of Paq in Fig. 1 mark humid periods, most of which have been also 

identified in an independent study at this site (Ortiz et al., 2010). A peculiarity of N Spain 

bogs is the abundance of n-alkane-2-ones (Ks) for which a microbial origin has been proposed 

based on the higher 13C values of Ks compared with n-alkanes (López-Dias et al., 2013). The 

intervals with high Ks concentration do not correspond to either humid or dry periods but are 

roughly coincident with high concentration of the regular hopane C31 (Fig. 1).  This 

compound is the major one of the regular hopanes and although present throughout the total 

section it is preferentially concentrated in the upper part of the profile. Unsaturated hopanoids 

with an oxygenated function at C-3 (hop-17(21)-en-3-one and hop-22(29)-en-3-one) have also 

been found in the upper half of the profile. The Roñanzas profile contains acetates, alcohols 

and ketones of triterpenoids with oleanane, ursane, friedelane and lupane skeletons. The 
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concentrations of the ketones are shown in Fig. 1 as an example of their distribution. The -

amyrenone, -amyrenone, lupan-3-one concentrations peak at the same intervals mainly 

restricted to the lower half of the profile, with the lupanone predominating over the others, 

whereas friedelin has a wider distribution indicating a different source for both compounds 

groups.   

         The13C 

values show a small 

range of variation 

between   -27.4 and 

-28.4 ‰ for the 

major part of the 

profile with a 

slightly increasing 

tendency towards 

the top. A marked 

shift to lower 

values occurs in the interval 160-190 cm, coinciding with a relatively dry period and high 

lupanone concentrations. The distribution of triterpenoid concentrations in Roñanzas bog 

indicates a significant change in the vegetation at around 3400-4100 cal. yr BP coinciding 

with a sharp decrease in the peat growing rate. This change is accompanied by the 

establishment of more humid and cooler conditions in the late Holocene.  
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Figure 1. Variation of different parameters with depth in Roñanzas
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We present hydrogen (δD) and carbon (δ13C) isotopes of terrestrial plant waxes 

obtained from deep-sea sediments offshore Mauritania. Paleoenvironmental conditions before 

(5-4.6 Ma) and during (3.6-3.0 Ma) the closure of the Central American Seaway (CAS) are 

compared to investigate the impact of enhanced Atlantic meridional overturning circulation 

(AMOC) on NW African vegetation and climate. The Pliocene isotopic records show a 

reduced variability compared to the last glacial cycle (Kuechler et al., submitted), pointing to 

more stable conditions. Generally higher contributions of C3 plants (lower δ13C) under overall 

wetter conditions (lower δD) are in accordance with previous pollen studies (Leroy & 

Dupont, 1994). Nevertheless, there are almost no changes within the Pliocene, i.e., before and 

during the final CAS closure, whereas the time interval (3.6-3.3 Ma) preceding the mid-

Piacenzian warm period (3.3-3.0 Ma) appears even more stable indicated by consistently low 

δD values and elevated n-alkane concentrations. Additionally, the typical glacial pattern of 

anti-correlating plant-wax δD and δ13C values is not observed in the Pliocene data. This can 

be explained by the lack of glacial/interglacial modulations and generally weak North-East 

Trade Winds (NETW) in the absence of large Northern Hemisphere ice sheets during the 

Pliocene (Leroy & Dupont, 1994). Thus, relatively higher contributions of C3 plants have 

been derived from the Sahel, in contrast to the last 130 ka, when intensified NETW during dry 

glacial periods carried more C3 plant waxes from biomes north of the Sahara. So far, the 

Pliocene results do neither support a link to AMOC variations, nor to SST changes and, in 

agreement with previous studies (deMenocal, 2004; Trauth et al., 2009), show a principal 

coupling of paleohydrologic conditions in NW Africa to low-latitude insolation intensity. 
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Understanding the controls that determine the spatial distribution and internal 

heterogeneities of black shales in the Mesozoic ocean has been a focal point of research over 

many decades. The consensus is that atmosphere-land-ocean interactions influenced variations in 

marine biogeochemistry and sediment supply, exerting fundamental controls on the richness and 

quality of sedimentary organic matter (OM) and ultimately on petroleum source rock distribution 

and its generation potential. Internal, small-scale heterogeneities in black shales that have been 

reported from all ocean settings were linked to orbitally-driven fluctuations in continental runoff 

and marine upwelling. The two processes are generically related under the ascending (tropical) 

and descending (subtropical) limbs of the palaeo-Hadley Cells, with fluctuations at variable time 

(seasonal, orbital, geological) and spatial (shelf, margin, deep basin) scales. The expression of 

these orbital-scale interactions are not well constrained at the basin scale, however, and they may 

hold a key to better understand the distribution of heterogeneities in black shales. 

This study presents a conceptual framework that links OM quality and quantity in 

Cretaceous Atlantic sediments with the dominant processes that operated under the Hadley Cells 

(Hofmann & Wagner, 2011, Wagner et al., in review). Using a comprehensive compilation of 

bulk organic geochemical data - total organic carbon concentration (TOC), hydrogen index (HI), 

oxygen index (OI), and kerogen type - we explore how basic geochemical patterns can be used to 

identify the underlying generic processes. We utilise published and new data from deep ocean 

sites of the DSDP/ODP program, as well as one palaeo-shelf setting (Tarfaya), spanning a 

latitudinal transect from the outer subtropics to the palaeo-equator during the Albian, the 

Cenomanian-Turonian, and the Coniacian-Santonian. 

The data presented support the underlying concept that sub-meter-scale heterogeneities in 

black shale sections on both sides of the low latitude Cretaceous Atlantic were closely linked to 
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processes that were primarily driven by orbital fluctuations in atmospheric circulation. We 

observe the strongest environmental contrasts on the inner (tropical, e.g. Site 959) and outer (sub-

tropical, e.g. Sites 530, 603, Tarfaya) limbs of the Hadley Cells and more continuous burial of 

high OM quality within the transition zone (e.g. Demerara Rise, Site 367), where influences from 

both regions overlap, supporting the hypothesis to be tested. 

The current evidence suggests that optimal conditions for black shale deposition are likely 

to occur where productivity, preservation and dilution were in a distinct balance. Such conditions 

may be expected within the outer tropical transition zones and along the upper and middle 

continental margin in areas of strong forcing (both wind and runoff), e.g. at Demerara Rise or off 

Senegal-Guinea. Additional high resolution records from a wide range of marine settings, in 

particular the shelf and large parts of the S-Atlantic, are needed to further refine the mapping of 

zones and processes under the Cretaceous Hadley Cells. 

This study emphasises the potential of integrating orbital scale datasets and wide spatial 

coverage as a predictive tool for black shale formation across ocean basins. 
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Ocean surface circulation through the Mozambique Channel forms the upstream 

counterpart of the Agulhas Current, which is the main mechanism for transporting warm and 

salt waters from the Indian Ocean to the Atlantic via “Agulhas Ring” shedding and is known 

as Agulhas Leakage. However, Agulhas Leakage was significantly reduced during glacial 

times due to the northward migration of the subtropical fronts and shifts in the wind fields, 

resulting in the accumulation of warm and saline waters in the South Indian Ocean [1]. 

Therefore, glacial-interglacial variations of sea surface temperature (SST) and sea surface 

salinity (SSS) in the Agulhas Current and the upstream Mozambique Channel can provide 

crucial information on changes of the global ocean circulation. Additionally, better 

understanding of the interactions between SST, SSS and precipitation is fundamental for the 

reconstruction of past climate changes and ocean-continent linkage. Here we present SSS and 

SST reconstructions of the Mozambique Channel (sediment core 64PE304-80, off the 

Zambezi River mouth) using UK’
37 SST and the stable hydrogen isotope composition of the 

combined di- and tri- unsaturated alkenones (Dalkenone) [2] (Figure 1). During the Last Glacial 

Maximum (LGM) and the onset of Heinrich Stadial 1 (HS1) Dalkenone and UK’
37 suggest a 

positive correlation between SSS and SST. Preliminary Dalkenone results indicate enriched 

values during HS1, suggesting more saline conditions. Both Dalkenone and UK’
37 SST increase 

until ~16 ka BP, after which the Dalkenone decreases again toward more depleted values 

throughout the early Holocene, indicating fresher conditions. However, SSTs remains 

constant between 16 and 15.5 ka BP, before continuing to increase until stable high Holocene 

values are established around 14.5 ka BP whereby UK’
37 values reach saturation values. These 

trends suggest an increase of the continental precipitation and run off during the Holocene, 

which matches the earlier findings based on the hydrogen isotopic composition of higher plant 

derived n-C31 alkanes for this region [3]. The Dalkenone record shows relatively stable late 

Holocene conditions that are interrupted by a short-term excursion to more positive values 
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from approximately 5000 to 1600 years BP potentially as the result of short-term variations in 

freshwater input related to the Zambezi run off. We are currently increasing the resolution of 

our record and this will probably improve our understanding of upstream Agulhas variability 

and the possible effects of freshwater input. 

 

Figure 1: Five point moving average (solid line) for UK’
37 SST (grey dots) and 

preliminary Dalkenone  (dashed line) for core 64PE304-80. 
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In order to complement information provided by ice cores from central Greenland, a 

key challenge lies in the reconstruction of coastal temperatures. In these areas, lake sediments 

offer the potential for high resolution paleoenvironmental and paleoclimatic records (e.g. 

D’Andrea et al., 2011; Massa et al., 2012). In suitable lakes, the water 18O is controlled by 

the 18O of precipitation, which at high latitudes is itself strongly controlled by fluctuations in 

the mean annual temperature (MAT). At mid-latitudes, methods have been developed to 

reconstruct past lake water 18O using ostracod calcite 18O (e.g. von Grafenstein, 2002). 

However, in most Arctic lakes, waters are too acidic for calcite preservation. Chironomid (i.e. 

non-biting midges) larvae have a worldwide distribution and their subfossil remains 

(chitineous head capsules) are well preserved in lake sediments over long time scales. While 

recent studies have revealed the potential of stable isotopes (D and 18O) from chironomid 

chitin to reconstruct past lake water 18O (e.g. Wang et al., 2008, 2009; Verbruggen, 2010), 

the signal calibration remains to be established (Heiri et al., 2012). 

In this context, as a part of a larger project focusing on coastal Greenland 

palaeoclimate, this study aims at assessing the relevance of 18O from chironomid chitin as a 

proxy for lake water 18O. This first calibration step was realized on the well-studied Lake 

Annecy (French Alps), where former studies have already elucidated (1) the chironomid 

distribution in its surface sediments (Frossard et al., 2011), and (2) past variations of the 18O 

of lake water, reconstructed from the 18O of ostracod calcite themselves related to MAT 

(Danis et al., 2003). 18O of chironomid chitin samples from Late Glacial and Early Holocene 

sediments from Lake Annecy were analyzed and compared to ostracod calcite 18O. This 

presentation will show the first results and discuss their implications for the applicability of 

this method to evaluate past lake water temperatures, and the associated constraints for coastal 

subarctic contexts. 
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The onset of Eocene was marked by a major climatic event, recognized globally by 

prominent shifts in oxygen and carbon isotopic compositions of foraminiferal carbonates and 

in organic matter from both marine and terrestrial sediments.  It is believed to have lasted for 

<20 ka when the global temperature rise of 5 - 8oC was accompanied by release of thousands 

of petagrams of carbon into the ocean-atmosphere system (McInerney and Wing, 2011). The 

event, known as Palaeocene Eocene Thermal Maximum (PETM), was followed by other 

thermal events of lesser magnitudes. While there are numerous records of the early Eocene 

thermal events from the mid and high latitudes, few are documented from equatorial regions.  

With these observations in mind, the present study was conducted on a stratigraphic section 

in Kutch (23°31'00"’N: 68°36'26"E) in western India that lay near the equator in Early 

Eocene. Our aims were to biostratigraphically constrain the carbon isotope excursions, 

investigate the biomarkers and examine the foraminifera of the thermally perturbed 

environment. The section comprises 145m of shale and carbonates overlying the Deccan 

basalt. Nearly 50m of the bottom sediments are of Early Eocene age and belong to the Naredi 

Formation.  The integration of foraminiferal biostratigraphy and organic carbon isotope 

stratigraphy of the section shows four pronounced negative shifts in δ13C corresponding to 

the Shallow Benthic Zones SBZ 5/6, SBZ 8, SBZ 9 and SBZ 11 respectively (Fig. 1). The 

four negative excursions temporally coincide with the four known hyper-thermal events of 

the Early Eocene as recognized globally by their corresponding negative shifts in organic 

carbon δ13C (Whidden and Jones, 2012). The maximum carbon isotope excursion (CIE) of 

2.1‰ is recorded in SBZ 5/6 and it corresponds to Palaeocene-Eocene thermal maximum 

(PETM). A somewhat similar excursion recorded in SBZ 11 is correlated with the Early 

Eocene climatic optimum (EECO). The magnitudes of the remaining two excursions are of 

1‰ and less and they are referred to ETM2 (in SBZ 8) and ETM3 (in SBZ 9). The measured 

CIE at PETM in Kutch is low in comparison to the median value of 3.5‰ obtained from 

several parts of the world. 
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The TOC content of the studied borehole varies from 0.11 to 37.41%. The n-alkane 

distribution of the samples shows a bimodal distribution. The n-C16 is the most abundant n-

alkane in the first envelope and the second envelope ranges from n-C23 to n-C35, shows strong 

OEP with Cmax at either n-C29 or n-C31, representing higher plant input. The CPI index varies 

from 0.56 to 4.03 across the borehole section. Several mono and di-unsaturated oleanoid 

compounds are also found to occur across the section, indicating variable inputs from 

angiosperms. The distribution of C27, C28 and C29 regular steranes across the borehole section 

reveals that the sediment was deposited in restricted marginal marine environment.  

The foraminiferal assemblages indicate a restricted marine to shallow marine 

environment. The high abundance of rectilinear benthic foraminifera (comprising Bolivina, 

Bulimina and Buliminella) suggests low oxygen environment. The associated planktic 

foraminifer Jenkinsina is known to occur in unstable environments of marginal seas and 

embayments having high runoff and upwelling conditions. The foraminiferal assemblages in 

the PETM interval are dwarf and of low diversity. The size and diversity somewhat increase 

in ETM2 and ETM3 but a marked increase in both size and diversity are noticed in EECO.  

 

Figure 1. Early Eocene hyperthermal events in light of biostratigraphic zonation and δ13Corg 
data from Kutch Basin, western India. 
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The Asian monsoon is a key driver in the impact of climatic effects on human society 

and their environment, affecting nearly half the world’s population.  Understanding its past 

impact on environments and vegetation regimes is therefore of key importance.  Here we 

present a 14 ka long record of environmental change, dating from 25 – 11 ka and so spanning 

the transition from the last glacial maximum to the start of the Holocene.  The record was 

recovered from an archeological cave site, Hang Trong in Vietnam, which is situated (Lat. 

20° 15’ 32” N; Long. 105° 53’ 17” E) ~ 40 km from the coast at 140 m above sea level. The 

climate in the area is has been driven by the South East Asian monsoon for several million 

years (Armstrong and Allen, 2011). However, during the LGM when the sea level across 

south east Asia was much lower, the coast line would have been ~120 km from the site (Yao 

et al., 2009).  We may therefore expect to see both climatic and vegetational changes within 

our record. Caves form excellent preservational environments for chemical records of 

environmental change. Clastic cave sediments are accumulated by aeolian or fluvial 

deposition, with relatively little further digenesis or post-depositional alteration. Biomarkers 

from local flora will therefore be transported into caves and preserved. This study uses a 

multi-proxy approach, combining lipid biomarker analysis with compound specific and bulk 

organic matter isotopic analysis of the sediment.  

 

The Hang Trong sediments are made of aeolian clays and sands, dominated by 

terrestrial snail shell middens accumulated by human activity. Sediment samples were 

collected at 10 cm intervals down an excavated face. A wide range of solvent extractable 

lipids were present including: alkanes, alcohols, fatty acids, sterols, and triterpenoids. The 

total extractable organic matter of the sample ranges from 0.5 – 1.0 µg/g of dry sediment. 

Abundances and distributions of lipids change through the time-series. In the n-alkanes (C20-

C34) the C31 homologue is dominant throughout the sequence. However, the average chain 

length ratio (ACL) along with the carbon preference index (CPI) shows variation through the 
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time-series record. In particular, prior to around 19.5 ka, the signal is fairly level and flat, 

showing very little variation, whilst after this point, there are many larger short-term 

fluctuations, creating a noisier signal. A marked change in ACL (from 30.5 – 29.5) occurs at 

approximately 15 ka, coinciding with a global cooling event recorded in regional climatic 

records. Compound-specific isotope data of long chain n-alkanes and fatty acids (-29.4 to -

31.9‰) indicate the dominance of C3 vegetation, with little change through the time series.  

  

Our interpretation must therefore take account of two contrasting records – the first a 

persistent dominance of the C31 n-alkane, and stable vegetation derived compound specific 

carbon isotope records, with little change through time, and the second ACL and CPI records 

showing distinct changes, especially at the transition from the LGM into the Holocene, which 

coincide with changes in regional climate records derived from oxygen isotopes (Wang et al., 

2001) Vegetation reconstructions from mainland South East Asia are limited and current 

theories with respect to environmental change are contradictory.  One potential explanation is 

that this site was surrounded by relatively stable semi-tropical rain forest taxa during the last 

glacial, and not subject to the same vegetation changes seen on the exposed continental shelf 

(Sun et al., 2003).  This would provide an explanation for the leaf wax biomarker (n-alkane 

C31) and compound specific record, while the other records (ACL, CPI) could reflect 

variations in the amount and freshness of the organic matter input, driven by changes in wind, 

and plant growth, and related to the regional climate by changes in precipitation.  This record 

provides a unique insight into a mainland South East Asian area greatly affected by monsoon 

strength and changes in temperature.  
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The Iberian Pyrite Belt represents one of the largest crustal sulphur anomalies, in the 

form of one of largest concentrations of volcano-sedimentary massive sulphide deposits on 

Earth. The massive sulfide deposits occur in both the northern and southern part of the Belt 

with different features. Those located in the northern IPB are invariably hosted by the apical 

part of felsic domes, in relationship with pumice- and glass-rich dacite to rhyolite of 

Tournaisian-Visean age. Major examples include Aguas Teñidas, La Zarza or Aljustrel. The 

deposits in the southern IPB, that comprises the giant depostist of Neves Corvo, Tharsis, 

Aznalcóllar-Los Frailes, Las Cruces, Lousal, Valverde and Sotiel-Migollas, are hosted by 

shale, exhalative and formed in anoxic third order basins (Tornos et al., 2008).The formation 

of shale hosted massive sulfide deposits (363-359 Ma) was just before or coincident with the 

Devonian-Carboniferous boundary. The inorganic geochemical data of the ore bearing 

interval are consistent with ore formation during a highly anoxic event that was coeval with 

the onset of submarine volcanism and major biological sulfate reducing activity, which 

explain the decrease in 34S found in the ore bearing shale along D-C boundary. In a previous 

work, we suggested that the source of electron donor that could explain the formation of 

massive sulfide should be the enrichment of the basin in land organic matter (Menor-Salvan et 

al., 2010). To elaborate this model, we measured the vertical distribution of aromatic 

biomarkers and proxies for terrigenous/marine origin of organic matter along a continuous 

sequence of shale. The sequence belongs to the lowermost Volcano Sedimentary Complex, 

equivalent to the Tharsis orebody. The results showed a strong increase in cadalene/1,3,6,7-

tetramethylnaphthalene ratio and 2-methylretene/9-methylphenanthrene ratio (Fig.1) 

coincident with the higher anoxicity (measured as V/Cr ratio) and lower 34S values on the 

shale sequence, that corresponds with the D-C boundary. The values of HPI (higher plant 

index, Van Aarsen et al., 2000), retene/9-methylphenanthrene and 1-methylphenanthrene/9-

methylphenanthrene showed similar feature. The increase in pristane/phytane ratio also 

suggests an increase in terrestrial material to the basin, confirmed by a marked increase on 
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hopane/sterane ratio (measured as C30 αβ-hopane/C29 sterane), that suggests terrestrial input 

or bacterial rich facies (Peters and Moldowan, 1993).     

 

 

 

 

 

 

 

 

 
 
 

Figure 1.  Higher plant biomarkers variation with depth of the shale sequence. The bar 
indicates the approximate position of massive pyrite horizon. Cad/TMN: cadalene/1,3,6,7-

tetramethylnaphthalene ratio; 2-MR/9-MP: 2-methylretene/9-methylphenanthrene ratio. 
 

The study of retene/cadalene distribution suggests a strong terrestrial ecosystem 

change coincident with the massive pyrite horizon, characterized by a gymnosperm crisis. The 

hydrothermal activity consequence of geotectonic changes in the Iberian Pyrite belt zone 

together with the vascular plant declining at the D-C boundary could explain de metal supply 

and reduced carbon availability for biological sulphate reduction and subsequent formation of 

massive sulphide deposit. Although a coincidental occurrence does not imply causation, the 

land plant biomarkers distribution constitutes a falsation criterion for our model. In 

conclusion, molecular markers suggest a relationship between orebody genesis and the 

biological crisis during DC boundary. 

 

REFERENCES: 
 
Menor-Salvan, C., Tornos, F., Fernandez-Remolar, D., Amils R., 2010. Association between 

catastrophic paleovegetation changes during Devonian-Carboniferous boundary and the 
formation of giant massive sulphide deposits. Earth and Planetary Science Letters 299, 
398-408. 

Peters, KE, Walters, CC, Moldowan, JM (2005) The Biomarker Guide, Vol II. Second 
Edition. Cambridge University Press, Cambridge, UK. 

Tornos F, Conde, C. and Spiro, B. (2008) Formation of the Tharsis Massive sulphide Deposit, 
Iberian Pyrite Belt: Geological, Lithogeochemical, and Stable Isotope Evidence for 
Deposition in a Brine Pool Economic Geology 103:185-214. 

.  
 

Depth (meters)

C
ad

/T
M

N

0 30 60 90 120 150 180

0

0.1

0.2

0.3

0.4

0.5

Depth (meters)

0 30 60 90 120 150 180

0

1

2

3

4

2-
M

R
/9

-M
P

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 292 -



PALEOENVIRONMENTAL RECONSTRUCTIONS IN SOUTHERN PATAGONIA 
BASED ON BRANCHED GDGTS AND LIPID D/H COMPOSITIONS 

 
Katja HOCKUN1*, Gesine MOLLENHAUER 1,2, Enno SCHEFUß1 and the PASADO 

Science Team 
 

1. MARUM – Center for Marine Environmental Sciences, University of Bremen, Leobener 
Straße, 28359 Bremen, Germany 

2. Alfred Wegener Institute Helmholtz Center for Polar and Marine Research, Am 
Handelshafen 12, 27570 Bremerhaven, Germany 

*) Corresponding author: khockun@marum.de 
 

Organic geochemical proxies such as those based on branched GDGTs from soil 

microorganisms and stable hydrogen isotopes from plant wax lipids have been proven to be 

useful tools in lake sediments to reconstruct past terrestrial environments (e.g. Tierney et al. 

2010, Muegler et al, 2008). Southern Patagonia plays an important role for understanding the 

southern hemispheric westerly wind system but yet remains relatively under-studied 

compared to other areas. Within the framework of an ICDP campaign a high resolution 

sedimentary drill-core was retrieved from Laguna Potrok Aike (51°58´S, 70°23´W) a volcanic 

maar lake in southern Patagonia. However, previous studies on sediments from this lake to 

infer paleo-hydrological changes and associated lake-level variations (e.g., Haberzettl et al., 

2008), yielded rather inconclusive results compared to records derived from the Andean realm 

(Kilian and Lamy, 2012). Therefore, we apply organic geochemical proxies for paleoclimate 

reconstructions in Southern Patagonia, including results from top soil samples, lake surface 

samples and first down core sediment samples from the PASADO core covering the last 

20.000 years. With our approaches we are able to obtain new insight into the climatic history 

of southern Patagonia. 

The MBT/CBT proxies based on temperature- and pH-sensitive branched GDGT-

components were introduced as tools to reconstruct soil temperature and pH changes (Weijers 

et al., 2007). In order to test their validity in the study region, 60 top soil samples from an E-

W and a N-S transect covering strong thermal and hydrological gradients have been analysed. 

It appears that another new regional calibration was necessary to avoid highly underestimated 

temperature reconstructions. This new calibration was further tested on 20 lake surface 

samples from different latitudes and elevations yielding more reliable temperature and pH 

estimates. 
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Furthermore, compound-specific δD values of biomarkers from aquatic and terrestrial 

sources have been measured to understand the local hydrology and changes in the lake water 

balance. The downcore data show high variability in the abundance of the n-alkyl lipids. δD 

values of the n-C29 alkane, derived from higher plant leaf waxes, range from -227 to -213 ‰ 

V-SMOW in Laguna Potrok Aike sediments. Changes in δD composition of the n-C23 alkane 

mirror those of the n-C29 alkane. Since n-C23 is tentatively identified as being derived from 

aquatic macrophytes (Ficken et al., 2000), its δD values indicate isotopic changes of the lake 

surface water with the latter driven by isotopic changes of precipitation (and runoff) and 

evaporation. The difference in isotope values between these two compounds most likely 

reflects the hydrologic balance of the lake. 
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Ocean Anoxic Events (OAEs) were episodes of widespread oceanographic change and 

associated vast organic matter sequestration. Previous work has identified discrete intervals of 

time (typically less than one million years) when widespread organic-rich sediments were 

deposited and preserved under oxygen-deficient conditions (Jenkyns, 2010). OAEs, and 

especially those of the mid-Cretaceous, were first described nearly 40 years ago and are 

characterized by significant changes in the ocean-climate system, including pCO2, during 

apparent greenhouse intervals. Two OAEs are generally considered to be truly global scale 

and the earliest of these, designated OAE1a, occurs during the early Aptian. A pervasive 

feature of OAE1a stratigraphic successions is the series of pronounced isotopic excursions, 

first negative and then positive, that occur in both δ13Ccarb and δ13Corg (Menegatti et al., 

1998).  Key questions of OAEs include the relative timing of changes in sources of the 

organic matter (OM) and redox conditions. We have investigated the Carbonero Formation, 

located in the south of the Jaén province, Spain. The δ13Ccarb and δ13Corg profiles are 

complete and largely parallel each other. Although, here we focus on the  δ13Corg, which 

shows a higher continuity due to the lack of carbonate in parts of the section. 

The Carbonero section is characterised by abundant n-alkanes, hopanes and steranes, 

with the hopane epimer ratios 22S/(22S+22S) revealing that the section is thermally mature.  

Steranes and also abundant diasteranes occur as a range of C27, C28 and C29 isomers. The C29 

component is the dominant sterane, representing more than 60% of the total steranes (similar 

distributions are recorded by the diasteranes), suggesting a contribution from higher plants. 

Further evidence that organic matter is significantly derived from terrestrial sources comes 

from the n-alkane distributions. Significant changes in nitrogen fixation by cyanobacteria are 

suggested by the high abundances of 2-methylhopanoids (van Bruegel et al., 2007), and in 

particular their secular variations.  Peaks in C3 (negative CIE) but also C5 (first plateau in the 
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positive CIE) indicate that the microbial response to changing environmental conditions was 

complex and governed by diverse forcing mechanisms. 

                            
Figure 1. Vertical profiles of methylhopane/ C30 hopane ratios, TOC contents and TOC/N ratios

associated with the 13C profile of the Carbonero Formation. 
 
 

Changes in productivity and ecology could be a result of the relationship between sea-

level changes and nutrients input typical for OAEs.  OAEs are associated with the loss of N 

by denitrification and anaerobic ammonium oxidation, both of which could have benefited 

cyanobacteria capable of N2 fixation.  
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The Early to Middle Eocene (~56-45 Ma) is a period of significant interest for the 

Arctic regions. During that time, the global climate was amidst a “greenhouse” interval that 

enabled flora and fauna from temperate regions to utilize and migrate through the Arctic 

Circle. To better understand how the environment was changing throughout this time, this 

study utilized a biomarker approach to investigate plant leaf waxes and bacterial membrane 

lipids present within paleosols and fossil forests of the Canadian Arctic.  

A previous work briefly investigated these samples for the presence and distributions 

of bacterial tetraether lipids (bacterial GDGTs) that can be utilized as various 

paleoenvironmental proxies (Mehay et al. 2010). Specifically, the mean annual air 

temperature (MAT) can be estimated using empirical relationships based on the degrees of 

cyclization of branched tetraethers (CBT) and methylation of branched tetraethers (MBT) 

indices (Weijers et al. 2007). When the MAT was determined throughout the Arctic paleosols 

in question, a larger than expected range of values with an apparent trend towards warming 

with decreasing depth was observed (Figure 1).  

To better understand the biological and environmental factors contributing to these 

paleosol records, this study also included an additional isotopic investigation. Compound-

specific isotopic values for carbon and hydrogen were obtained for plant leaf wax 

hydrocarbons using gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-

IRMS) and GC-pyrolysis-IRMS. Our initial aim was to compare these isotopic data with 

those obtained for the hydrocarbon cores of the bacterial GDGTs obtained via ether-cleavage. 

The resultant ether cleavage products, however, were far more complex than expected and 

contained a large amount of hydrocarbons that could not have been derived from the bacterial 

GDGTs. Confirmation that these hydrocarbons had sources distinct from the leaf waxes was 

demonstrated by a pronounced offset of the isotopic values and the identification of the 

precursor compounds is on-going.   
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Figure 1.  Bacterial GDGT derived temperature profiles of several Eocene Arctic paleosols. 
(Mehay et al. 2010) 
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 As a way of characterizing ancient marine microbial communities and their co-evolution 

with surface environmental conditions, much interest lies in obtaining robust lipid records for 

Palaeozoic rocks. Major environmental and climatic perturbations, such as cooling and 

ventilation during the Hirnantian glaciation in the Late Ordovician, have been shown to 

significantly influence marine microbial community structure in fundamental ways that are 

coherently recorded in ancient biomarker lipid patterns (Rohrssen et al., 2013).  

 We have compiled detailed lipid biomarker stratigraphic records of marine microbial 

community structure through greenhouse intervals of the Paleozoic Era from thermally well 

preserved rocks of Late Ordovician and Late Permian age. Ocean redox chemistry, sea surface 

temperature variations, and upwelling supply of nutrients/fixed nitrogen species all strongly 

control the balance of bacterial versus eukaryotic primary production, reflected in measured 

hopane/sterane ratios and other more detailed biomarker proxies. Our biomarker records suggest 

that these warm Palaeozoic intervals were associated not only with elevated atmospheric pCO2 

(~8-16x preindustrial atmospheric levels, PAL), but also with a higher average flux of methane 

emanating from marine sediments which was only partially oxidized in the water column. 

Because the loss rate of atmospheric methane scales inversely with atmospheric methane 

abundance (e.g., Schmidt & Shindell, 2003), increased fluxes to the atmosphere will often 

translate into higher steady-state atmospheric concentrations. We explore the possible effects of 

this for the Paleozoic with a series of simple mass balance calculations given a range of carbon 

flux and anaerobic remineralization scenarios. 

 Recent models suggest that "chemistry-climate feedbacks," particularly methane cycling, 

were more important in driving Mesozoic and younger greenhouse conditions than previously 

realized, such that a modest increase of 4-5x PAL of methane can provide 2-3oC of warming 

(Beerling et al., 2011). Methane cycling feedbacks on climate must have been of similar or 

greater importance in the Palaeozoic, with greenhouse conditions promoting greater fermentative 
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recycling of sedimentary organic matter and an enhanced methane cycle in the marine realm (Luo 

et al., 2010; Rohrssen et al., 2013). Reduced oxidant availability has two mutually reinforcing 

effects – first, a larger proportion of remineralized organic matter is passed through microbial 

methanogenesis; second, the efficacy of combined anaerobic methane oxidation processes as a 

throttle for methane fluxes to the atmosphere is attenuated.  

  3β-methylhopanoids (3-MeH) are lipid biomarkers known to be produced by Type I and 

Type X microaerophilic methanotrophic proteobacteria, as well as acetic acid bacteria which are 

not ecologically prominent in oceans. The Phanerozoic marine average of C31 3β-methylhopane 

relative to C30 αβ-desmethylhopane of 1 - 3% is substantially exceeded in Late Ordovician and 

Late Permian age rock extracts, often by an order of magnitude. Although other bacterial sources 

are possible for 3-methylhopanoids (Welander et al., 2012), we hypothesize that the high 3-MeH 

abundances observed in many Palaeozoic rocks and oils were largely derived from 

microaerophilic methanotrophic bacteria and were at times interrelated with greenhouse climates 

through positive feedbacks between marine temperature and enhanced slow diagenetic recycling 

of methane from sedimentary organic matter. Indeed, greenhouse intervals of the Palaeozoic were 

probably the golden age for microaerophilic methanotrophic bacteria in the marine realm, capable 

of synthesizing 3-methylhopanoids, thriving around the chemocline above suboxic deep waters.    
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The Paleocene-Eocene Thermal Maximum (PETM) was an abrupt and transient global 

warming that occurred 55.8 Ma ago and lasted for 170-220 ka (Röhl et al., 2007; Westerhold 

et al., 2008). This hyperthermal event is associated with a prominent negative Carbon Isotope 

Excursion (CIE), which is recorded in both marine and terrestrial organic carbon (Aubry et al., 

2007). Currently, the consequences of the PETM on terrestrial environments at regional scale 

are still not well documented. 

Previous studies on Organic Matter (OM) preserved in coastal sediments of the 

Paleocene-Eocene (P-E) of the Dieppe Hampshire Basin revealed that the P-E boundary was 

associated with strong paleoenvironmental and paleoclimatic changes (Storme et al., 2012; 

Garel et al., submitted). In order to decipher whether these changes are local or regional, two 

cores (BEAU 1 and PORQ 1) were drilled in the northern central part of Paris Basin that 

corresponds to more proximal environments than those of the Dieppe Hampshire Basin, 

showing sediments such as  lignite beds, fluvial sands and organic-rich floodplain deposits.  

δ13C analyzes on the Total Organic Carbon (TOC) reveal a 3 m-thick CIE with a 

magnitude of -4 ‰ in the BEAU 1 core, and a 12 m thick CIE with a magnitude of -3.5 ‰ in 

the PORQ 1 core. Rock-Eval analyses show a TOC ranging from 0.05 % for fluvial sands to 

54 % for lignites, the OM being immature and of terrestrial higher-plants origin. Palynofacies 

observations indicate several classes of particles such as lignocellulosic debris, gelified 

organic matter and Pediastrum algae, of which the proportions rapidly change at the P-E 

boundary 

Lipid biomarkers, quantified by GC-MS, show that the aliphatic hydrocarbon fractions 

are dominated by n-alkanes and hopanes. In addition, several angiosperm (e.g. lupene), 
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gymnosperm (e.g. pimarane) and fern (e.g. fernene) biomarkers, exhibit marked changes in 

concentration around the P-E boundary as well. Finally, the δD of n-alkanes determined by 

GC-irMS, show significant paleohydrological changes throughout both cores. 

The comparison of these results with published data of the Dieppe-Hampshire Basin 

(Storme et al., 2012; Garel et al., submitted) suggests that some of the paleoenvironmental 

and paleohydrological changes, revealed by these studies, are not only local, but regional, if 

not global. 
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The Arctic and Antarctic Ocean are very sensitive to global climate changes. Both 

polar oceans are thus suitable regions for the interpretation of paleoclimatic change preserved 

in the seafloor sediment.  

Recently, the glycerol diether glycerol tetraethers (GDGTs) derived from planktonic 

archaea have been found as a useful biomarkers reflecting seawater surface temperature (SST) 

which is represented in the TEX86 index (Schouten et al., 2002). Likewise, the BIT index 

calculated by branched GDGTs and isoprenoid GDGTs can provide information on the origin 

of the organic matter in the marine sediment (Hopmans et al., 2004).  

We collected multiple core sediments in the shelf region of the Chukchi Sea and south 

Scotia Sea. The paleo SST was estimated by the new reconstruction index TEXL
86 and the 

BIT index was estimated by isoprenoid and branched GDGT ratios. The BIT index showed 

that marine organic matter seems to be dominant in the south Scotia Sea. It is maybe due to 

the influence of the Circumpolar current and only little terrestrial sources in the surrounding 

Antarctic Peninsula. However, the BIT index was close to 1 in the sediment of Chukchi Sea 

indicating significant contribution of terrestrial organic matter from the surrounding 

continents. On the other hand, the SST estimated in the core top sediment of Scotia Sea using 

TEXL
86 was apparently higher than present sea surface temperature in the Scotia Sea. In 

addition, isoprenoid GDGTs contents in the core sediment of the Scotia Sea showed similar 

variation tendency with hydroxyl GDGTs. The Paleo-SST reconstruction based on GDGTs 

may be influenced by comparatively larger presence of hydroxy GDGTs in the cold 

environments such as Arctic and Antarctic Ocean because of degradation of hydroxyl group 

during ionization (Liu et al., 2012) as well as possible dehydration of hydroxyl GDGTs in 

sedimentary environments (Huguet et al., 2013).  
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The extreme climatic change of the Early Eocene affected the floral community across 

the globe. Although documented from many parts, little is known of the way the vegetation in 

the tropics responded to this change. The equatorial position of the Indian subcontinent in the 

Eocene and the extensive development of lignite during this time in western India have led this 

study to investigate the biomarkers and palynological remains to reconstruct the vegetational 

history. The lignite-bearing succession, overlying the Deccan basalt, constitutes Cambay Shale 

of the oil-producing Cambay Basin. The samples for the present study were collected from 

Surkha lignite mine (21°26'43" to 21°43'00" N and 72°07'30" to 72°16'30" E), Gujarat, western 

India. The rock–eval pyrolysis, biomarker and palynological study of the lignite and associated 

shale samples are carried out to reconstruct the depositional environment and palaeovegetation 

during Early Eocene. Rock-Eval data suggest that the samples are immature and the organic 

matter possesses the mixture of Type-II and Type-III kerogen. In the lower lignite horizon the 

abundance of higher molecular weight part, n-C25 to n-C31 and odd predominance in n-alkane 

series indicates contribution from higher plants. In contrast, the upper shale horizon shows the 

contribution of bacterial/algal biomass which is depicted by the abundance of lower molecular 

weight part in n-alkane series. Dinoflagellates are also recovered from the same horizon 

suggestive of marine influence. The pristane/ phytane ratio ranges from 0.6 to 1.8 indicative of 

suboxic depositional environment. Partial mass chromatogram m/z 191 (Fig. 1a) is characterized 

by sesquiterpenoids, de-A-lupane, C26 to C32 hopanoids and several angiosperm derived 

pentacyclic triterpenoids such as urs-12-ene, ursa-2,12-diene, olean-12-ene. De-A-lupane is 

considered to be originated from pteridophytes. Palynological data also support the biomarker 

evidences. The assemblage recovered shows a good frequency of fern spores, angiosperms and 

dinoflagellates. Pteridophytes represented by Todisporites, Dandatiospora, Cyathidites and 

Lygodiumsporites (Fig. 1b) are suggestive of warm humid tropical climatic conditions. The 

angiosperm assemblage is characteristically dominated by Nypa like pollen (Spinizonocolpites, 
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Proxapertites; Fig. 1c) referable to Arecaceae family. From palynoflora study it seems that the 

sediments were deposited in a marginal marine setting with extensive fringing swamps.  

 

Figure 1. (a) m/z 191 partial mass fragmentogram; (b) microphophotgraph of Lygodiumsporites 
sp.; (c) microphotograph of Spinizonocolpites sp. of Early Eocene lignite sample from Cambay 

Basin, western India. 
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The Eocene/Oligocene transition is one of the main climatic events to which more 

recent climate changes are often compared. Dated back to 34 Ma, it is remarkable because the 

Earth evolved from a greenhouse to icehouse state, permanent ice sheets appearing during the 

Late Eocene. In marine setting, it is marked by an increase in detrital input associated with an 

increase of primary productivity that resulted from well mixing of water masses (Peihzen et 

al., 2001). In terrestrial setting, this cooling led to major changes in animal and plant 

communities. For instance, palynology data show a vegetation shift from wet to dry taxa 

(Gregory and Chase, 1992) coincident with a large mammal turnover, the well-known 

“Grande coupure” (Stelhin, 1909). Although this transition is well documented in marine 

settings, the lack of data on lands - due to limited available outcrops - does not allow 

appreciating precisely its impacts on terrestrial ecosystems.  

Here, we have analysed the sediment infill of the Rennes Basin that consists of 300 m 

of organic-rich lacustrine deposits (laminated and massive) that encompass the Middle 

Eocene to Oligocene series, including the Eocene-Oligocene transition, the whole fully cored 

(CINERGY project, BRGM). About 100 samples were collected through the core enabling us 

to precisely decipher environmental changes that occurred during the studied interval and to 

focus on the Eocene/Oligocene transition. All samples were subjected to Rock-Eval and EA-

irMS to measure bulk δ13C. Four over the 100 samples were analysed for their molecular 

content so far. For a preliminary test, we have chosen representative facies (a laminated and a 

massive Upper Eocene sample and a laminated and a massive Lower Oligocene sample). 

Lipids were extracted with an Automated Solvant Extractor (ASE200®, Dionex) using 

DCM:MeOH (9:1). The total extract was later separated into neutrals, acidic and polar 

compounds. The neutral compounds were further separated into aliphatic, aromatic, ethers 

and esters, ketones and alcohols. After addition of 5α-cholestane, each fraction was then 

analysed by Gas Chromatography-Mass spectrometry on a Trace GC Ultra gas chromatograph 

coupled to a TSQ Quantum XLS mass spectrometer equipped with an AS 3000 autosampler.  
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The analysis of the different fractions of each sample revealed a high diversity of 

compounds that could partly be related to their source organisms or inform on the 

depositional environment. Hydrocarbon fraction is dominated by a series of n-alkanes that 

display a strong odd-over-even predominance, indicative of a good preservation. The 

dominance of long-chain homologues shows a strong higher plants contribution. This is 

confirmed by the presence of abundant and diversified higher plant pentacyclic triterpenes. 

These comprise angiosperms biomarkers such as oleanane, ursane and lupane, friedelin, 

onocerane I and diagenetic by-products (des-A-tritrepenes and aromatic derivatives). Fernene-

type compounds could reveal an input from pteridophyts whereas tricyclic diterpenes indicate 

the presence of conifers. An algal influence is evidenced, for example, by the presence of 4-

methylsteranes in the four samples. C27 to C32 hopanoids with α,β, β,β and β,α configurations 

show a substantial bacterial contribution. This is confirmed by high levels of hopane ketones 

in some beds. 

The comparison of angiosperm-derived biomarkers with gymnosperm-derived 

biomarkers indicates a stronger contribution of angiosperms in Upper Eocene samples than in 

Lower Oligocene samples (triterpenoids, aromatic, and rearranged-triterpenoids). This result 

is in agreement with palynological data (Bourdillon et al., 2012) and with the well-known 

cooling that is coeval with the Eocene/Oligocene transition. Reversely, the comparison 

between the two facies (massive and laminated) does not exhibit significant differences in the 

molecular assemblage.  

Based on this preliminary inventory of biomarkers and the richness in various 

biomarkers, we will proceed with the identification and quantitation on the remaining samples 

that cover the whole section. These preliminary results are also encouraging in the perspective 

of performing compound-specific isotopic analyses in order to depict, at high temporal 

resolution, the climatic evolution and the associated changes in plant communities during the 

Late Eocene and Early Oligocene and, more specifically, at the Eocene/Oligocene transition. 
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Seasonal reversals in the SW and NE Indian Ocean Monsoon strongly influenced 

weather and climatic conditions between 30°N and 30°S over Africa and Asia. Even small 

variability in rainfall across the Indian sub-continent has great impacts on the socio-economic 

conditions of the region. Paleoclimate reconstructions of the Indian sub-continent indicate that 

monsoon intensity has repeatedly varied over millennial, centennial, and decadal scales in 

response to various forcings (Staubwasser, 2006; Patnaik et al., 2011). IOM variability 

resulted in distinct environmental changes, which impacted the landscape, vegetation, and 

possibly early human settlements (the Indus Valley civilization 5500-3500 BP) in the region. 

Many of these studies focused on the rich sedimentary archives in NW India such as playas 

and aeolian sand dunes in the Great Thar Desert (Staubwasser, 2006; Prasad and Enzel, 2006). 

The Sambhar playa (26°52´-27°2´ N, 74°53´-75°13´ E) is a Na-Cl type alkaline (pH 9-

10) salt lake in western Rajasthan. During most parts of the year, the playa is perpetually dry 

and salt is extracted from it. A thin crust of evaporite is prevalent on the surface, but 

immediately below, organic-rich clays are present. The sediments have abundant gypsum, 

dolomite, and CaCO3 crystals. The lake has been investigated since the early 1900s to 

understand its pronounced hypersalinity, pollen, and mineralogical assemblages (Sinha et al., 

2006 and references therein). Detailed biomarker analyses in these sediments, which were 

conducted for the first time in a 8-m long core spanning over 32 ka, were correlated with 

earlier interpretations of regional paleoclimate changes (Roy et al., 2006; Sinha et al., 2006).  

The changes in δ13C(org), C/N, and biomarker (n-alkanes, n-alkanoic acids, and sterols) 

distribution in Sambhar is related to variable inputs of organic matter from algal and plant 

sources in response to changing lake levels during the wet and dry periods (Fig. 1). The cold 

and dry periods during the Last Glacial Maximum (23–19 ka), Younger Dryas (12.9-11.6 ka), 
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8.2 ka event, and the Little Ice Age (1.9-1.4 ka) are marked by enriched δ13C(org), C/N (>20) 

and lower biomarker concentrations. Subsequently, the Bølling-Allerøid (14.6-12.9 ka), early 

to mid-Holocene and late Holocene wet periods are accompanied by depleted δ13C(org),  

slightly low C/N ratio, 

and  higher biomarker 

concentrations. At 

greater depths (> 4 m), 

the functional 

biomarkers decrease 

rapidly indicating 

diagenetic alteration. 

Our high resolution 

multi-proxy data 

document dramatic 

paleoclimatic changes 

extending back to the Last 

Glacial Maximum, and 

support findings from 

previous studies on 

regional ISM fluctuation 

and its impacts on land. 
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Figure 1.  Lithology and variations of δ13C, loss-on-ignition 
(LOI), C/N, n-alkane, n-alkanoic acid, and campesterol 
recorded in a 8-m long 14C dated sediment core from the 

Sambhar playa. Important paleoclimate events such as the Last 
Glacial Maximum (LGM), Bølling-Allerøid, Younger Dryas, 
Holocene monsoon intensification, 8.2 ka event, and the Little 

Ice Age are evident. 
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The southwest monsoon in India accounts for >80% of precipitation, but it has 

repeatedly varied over time on millennial, centennial, and decadal scales as indicated in both 

marine and terrestrial records (Staubwasser, 2006; Patnaik et al., 2011). However, there are 

large uncertainties in correlating these paleoclimate records and the timing of these events. 

Marine records are affected by uncertainties in 14C age, bioturbation, the noisy character of 

different proxies (e.g. foraminifer abundance, δ18O), and the small amplitude of the expected 

signals. Likewise, terrestrial records (e.g. lake, peat) have low spatial and temporal resolution. 

The northern and central parts of the Great Thar Desert in NW India are poorly 

drained and rainwater accumulates in natural depressions (salt playas). These playas are 

excellent archives for tracing paleoclimate changes, but harsh weather conditions, poor 

accessibility, and drilling problems deter fieldwork. In 2008, we extracted an 8-m long core 

from the Didwana playa (27o 20’ N, 74o 35’ E), which remains mostly dry throughout the 

year. The playa receives sediments from weathering of Proterozoic rocks of the Delhi Super 

Group. Various physical and geochemical proxies were analyzed in this core to reconstruct 

paleoclimate changes, particularly variations in monsoon intensity, which would have 

affected catchment vegetation and erosion. Detailed paleomagnetic and biomarker analyses in 

these lacustrine sediments, which were conducted for the first time, were correlated with 

earlier interpretations of paleoclimate changes based on lithology, pollen, mineralogy and 

stable isotope records from Didwana and other sedimentary archives in NW India (e.g. Singh 

et al., 1990; Roy et al., 2006; Prasad and Enzel, 2006).  Variations in grain size, anhysteretic 

remanence magnetization (ARM), loss-on-ignition (LOI), and specific biomarkers (n-alkanes, 

n-alkanoic acids, sterols) indicate change in monsoon intensity (wet/dry phases) and 

paleovegetation signatures (Fig. 1). The biomarker 
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trends indicate changes on similar lines as the physical parameters, and the core is broadly 

divided into three wet zones interspersed with dry events where these changes are abrupt.  

The wet zones are characterized by increased productivity, which is reflected by higher values 

of LOI, CPI (>2) and n-alkanes, and corresponding lower ARM and sand fraction. Relatively 

lower n-alkane concentrations, decreasing CPI, and higher carbonate content represent the dry 

periods.  Our multi-proxy record from Didwana suggests increase in monsoon activity during 

the early to mid-Holocene period (9.7-5.7 ka) with two abrupt dry events around  8.2 ka and 

7.6-6.8 ka followed by a general decline in monsoon intensity during the late Holocene (4.5 

ka).   
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Fig. 1 Variations in sand, anhysteretic remanence magnetization (ARM), loss-on-ignition 
(LOI), carbonate (%), total n-alkanes (ng/mg TOC) and Carbon Preference Index (CPI) 

along a 14C dated 8-m long core from Didwana playa. Grey bands indicate dry periods. The 
blue wet zones marked as I, II and III represent more fluctuating, intense and stable, and 

general weakening of monsoon activity during the Holocene, respectively. 
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There are limited evidences of historical and instrumental records of the Indian 

Summer Monsoon (ISM) variability. Previous efforts to extend this over centennial-millennial 

timescale largely focused on marine records that reflect the extent of upwelling and wind 

intensity in the Arabian Sea (Anderson et al., 2002). However, marine records do not sample 

hydrologic conditions within the core monsoon zone, and they are affected by uncertainties in 
14C dates, bioturbation, and the noisy character of proxies. Likewise, most terrestrial records 

are fraught with low temporal resolution and uncertainties in ages. Stalagmites are a general 

exception; they are undisturbed by human activities and record climate-dependent variations 

on decadal-centennial-millennial scales. A few high-resolution δ18O stalagmite records exist 

from the Indian sub-continent indicating the variability in ISM (Sinha et al., 2011 and 

references therein). Lipid biomarkers have also been studied in few stalagmites and related to 

source(s), climate change, and depositional conditions (Xie et al., 2005; Blyth et al., 2011). 
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Variations of δ18O (‰), total n-fatty acids (ng/gm), C18:1/C18:0 and branched C15/C14 in 
Krem Mawmluh stalagmite. Shaded zone represents the wet Holocene period with depleted δ18O 

and elevated FAs. 
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Krem Mawmluh (KM; 25o 07″; 25o 41″ N and 91o 21″; 92o 09″ E) is located in the 

limestone dominated Khasi Hills of Meghalaya. This region is characterized by heavy (> 

12,000 mm) rainfall. A 92-cm long stalagmite from the cave was dated using U-Th method. 

Lipids were extracted from samples drilled from 13 dated sub-sections to correlate with 

paleoclimate changes inferred from oxygen isotopes. The biomarker trends in the stalagmite 

were related for the first time to varying ISM activity, and its impact on the surroundings (e.g. 

vegetation, microbial activity) – factors which cannot be assessed based on inorganic proxies. 

The δ18O record from KM indicates abrupt shift in ISM activity with values from -1.64 to -

9.74‰ and spans from the Last Glacial Maximum (LGM) to mid-Holocene (Fig. 1). Lipids 

preserved in the stalagmite indicate positive correlation with growth rate and inferred 

monsoon intensity. Lipids are characterized by n-fatty acids (FAs) as the dominant compound 

class with traces of n-alkanes and alcohols. We report high concentrations of short-chain FAs 

from C8 to C19 including monounsaturated (C14-C18) and branched (iso- and anteiso-C15 and 

C17) FAs, and n-alkanedioic acids (C4-C20). Long-chain FAs from C20-C30 are low in 

abundance. The abundance of short-chain FAs maximizing at C16 indicates a strong microbial 

input from the overlying soils and microorganisms. This is consistent with the fact that 

several microbial strains have been isolated from stalagmite and moonmilk deposits in KM 

(Baskar et al., 2011). Xie et al. (2005) suggested diminished degradation of mono-unsaturated 

FAs during cold periods in a 10-20 ka stalagmite coinciding with elevated monounsaturated 

to saturated C18:1/C18:0 ratio and low microbial activity. Although C18:1/C18:0 and branched C15 

(iso and anteiso C15) to saturated C14 FA ratios are high in KM during the LGM, they are even 

higher during the mid-Holocene, where the most depleted δ18O (-9.74‰) is recorded. The 

data suggests evidence of increased microbial activity in overlying soils at times of warmer 

and wetter climate during the Holocene Hypsithermal (9-6 ka), but not captured in the older 

Chinese stalagmite. This trend for FA ratios is similar to those in lacustrine sediments 

(Meyers and Ishiwatari, 1993).  
Acknowledgement: The study was funded by a grant provided by SIDA to JR 
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Paleoclimate reconstructions of Holocene climate change on the Indian sub-continent 

have used O and C isotope signals in stalagmites to show variability of the Indian summer 

monsoon (Yadava and Ramesh, 2005; Sinha et al., 2011). A few recent studies also report of 

applying lipid biomarkers preserved in stalagmites to reconstruct paleovegetation and 

paleoclimate changes (Blyth et al., 2011; Xie et al., 2003, 2005). The advantage of using lipid 

biomarkers is that they are related to specific biogenic sources, which can be for instance 

related to wet/dry or warm/cold phases. In this study, for the first time, we analyzed lipid 

biomarkers in some stalagmites from caves in northeast India to study the paleomonsoon 

variability. Krem Syndai (KS) and Krem Rupasor (KR) are located in the western part of Jaintia Hills 

(25o 09″; 25o 15″ N and 92o 00″; 92o 15″ E) in Meghalaya. The Jaintia Hills consist of Eocene 

Lakadong sandstone and limestone, and Upper Cretaceous sandstone and shale. We collected 

two stalagmites from KS (86 cm) and KR (17 cm) caves, respectively. These stalagmites were 

dated using U-Th method. Samples for lipid extractions were obtained from 13 and 6 dated 

sub-sections in KS (4.88 ka-1.76 ka) and KR (2.53 ka-0.29 ka) stalagmites, respectively. The 

δ18O profiles in KS and KR show distinct changes in response to monsoon variability during 

the late Holocene (Fig. 1), and our lipid profiles were compared to these inferred changes. 

The lipid extracts from both stalagmites have abundant n-fatty acids (FA) with traces 

of n-alkanes and n-alcohols. FAs range from C10-C30 including (iso and anteiso C15 and C17) 

and the monounsaturated (C14:1-C18:1) series. n-C16 and n-C24 are the dominant short and long-

chain FAs, respectively. The presence of high concentrations of short-chain FAs (< n-C20) in 

these stalagmites indicate soil and cave microorganisms as the major source of these lipids. 

Low concentrations of FAs and low C18:1/C18:0 ratios correspond with generally enriched and 

fluctuating δ18O (-4.56‰ to -2.60‰) values recorded from 4.5 ka to 2.2 ka – an interval of 

declining and less intense monsoon activity. There is also a sharp decline in total FAs around  
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4.2 ka in KS. Elevated 

levels of total FAs occur 

post 2.2 ka. A general 

decline followed by an 

increase in total FA 

concentrations coincides 

with the δ18O trend in 

KR ranging from 1.8 to 

1.0 ka signifying a cold 

phase (Little Ice Age). 

However, a higher 

sampling resolution is 

needed at this interval 

for precise correlation (Fig. 1b). Notably, FA input coincides with growth rate in both 

stalagmites and implies a connection between isotopic signature (warm/cold phases), growth 

rate, and microbial activity in the cave.  

The present study correlates with the biomarker record from Krem Mawmluh where 

elevated concentrations of FAs is related to wetter and warmer periods during the early to 

mid-Holocene Hypsithermal (9-6 ka; this volume) interval. FA distribution in stalagmites 

however does not necessarily track the variability in precipitation precisely (Xie et al., 2005; 

current study). Hence, FAs should be cautiously applied for paleoclimate reconstructions. 

Acknowledgement: The study was funded by a grant from SIDA to JR 
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Figure 1. (a) Profile of δ18O, total n-fatty acid (ng/g) and C18:1/C18:0  
in a stalagmite from Krem Syndai. (b) Profile of δ18O and total n-

fatty acid (ng/g) in a stalagmite from Krem Rupasor. 
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 To date, few paleoclimate and sea surface temperature (SST) records exist for the 

region of the western Indian Ocean yet climate models highlight its important role in 

influencing global climate as well as East African rainfall amounts [1]. As part of a large 

warm pool, Indian Ocean SSTs modulate atmospheric convection and circulation thereby 

exerting an influence on the Indian and Asian monsoons, the major equatorial convection 

center of Earth’s atmosphere. While previous studies of East African continental paleoclimate 

reveal abrupt changes in temperature and hydrology [2-4], few continuous continental climate 

records exist that span beyond the Last Glacial Maximum. Knowledge of how SST variability 

influences the climate and rainfall patterns of East Africa is critical to a region that is 

frequently characterized by episodes of droughts. However, SST reconstructions depend on 

proxies that are often controlled to biological, environmental and physical influences as well. 

In this study, we examine piston core 64PE304-26 recovered off the SE coast of Tanzania 

(09.76958oS; 39.91055oE), which contains a sedimentary archive spanning the past 400 Kyr 

(MIS 1-11). The relatively close location of this site to the Tanzanian coast (~12 km) allows 

for continental paleoclimate and Indian Ocean SST to be examined simultaneously.   

Here, SST will be constrained using three organic geochemical techniques: the TEX86 

paleothermometer [5], the UK’
37 Index [6], and the long-chain diol index (LDI) [7]. Variability 

in marine primary productivity, driven by changes in upwelling associated with the Indian and 

African monsoons, will be investigated through examining concentrations of algal biomarkers 

including alkenones (haptophyte algae), dinosterol (dinoflagellates), brassicasterol (diatoms) 

and long-chain 1, 15 n-alkyl diols (eustigmatophyte algae). Variability in vegetation (C3 vs. 

C4 plants) and hydrology, respectively, will be examined from n-alkane 13C and D [8].  

Preliminary results reveal significant shifts in glacial-interglacial SST of up to 6ºC 

based on Uk’
37, and an overall temperature shift of nearly 12ºC, although we note that the full 

range of variability may not be captured by the current low-resolution sampling. The last 
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interglacial, MIS 5, appears to have been around 1ºC warmer than the Holocene. Ongoing 

work will increase the resolution of this record substantially allowing for sub-millennial scale 

climate events to be resolved. Overall, core 64PE403-26 provides new records spanning 

several glacial-interglacial cycles from a region of the tropics where paleoclimate 

reconstructions are presently lacking. 

 

Figure 1.  Preliminary Uk’37 SST reconstruction from core 64PE304-26. Note that the age 
model, based on benthic 18O, is also preliminary. 
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Peatlands are important archives for the reconstruction of past environmental changes 

because of their high rates of peat accumulation due to the low rate of plant litter 

decomposition. Nevertheless, tracking past environmental changes (e.g. during the Holocene) 

in peat archives can be complex due to the superimposition of human influences and climatic 

variations and requires the combination of several proxies. The aim of this study was to 

reconstruct past environmental changes via the high-resolution analysis of organic matter 

(OM) composition in a 4 m peat core collected in a temperate peatland (Frasne mire, French 

Jura Mountains) and covering the last 8,000 cal. BP. In addition to the determination of OM 

properties (C and N, proportions of microscopic organic remains, sugar contents, lignin-

derived phenolic monomers), several environmental proxies have been used: testate amoebae, 

branched GDGTs and pollen analysis. To the best of our knowledge, this is the first time that 

all these proxies are combined for climate reconstruction in peat bogs. 

All the data showed a change in OM botanical sources at 2.5 m depth (ca. 6,000 cal. 

BP) likely related to the change in the trophic status of the peatland. Indeed, comparing with 

the 0.7 – 2.5 m section, the abundance of lignin-derived phenolic monomers was much higher 

in the lowest part of the core, suggesting a predominance of vascular plants, e.g. sedges. The 

change in peat composition is also supported by (i) a strong increase in amorphous OM 

relative content and (ii) a significant decrease in mucilage and fungal hyphae relative contents, 

cellulosic sugar abundance and C/N ratio below this depth. In addition, at ca. 6,000 cal. BP, 

pollen analysis revealed a change in vegetation, with the appearance of Abies and Fagus and 

the disappearance of Pinus. Last, drier conditions were indicated by testate amoebae at the 

bottom of the peat core, whereas wetter conditions occurred at the top. Taken together, these 

results indicate that an ecosystem shift occurred ca. 6,000 cal. BP from a fen to a Sphagnum-

dominated bog. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 319 -



0

1000

2000

3000

4000

5000

6000

7000

8000

9000

2 4 6 8 10 12 14 16
MBT/CBT-derived temperature (°C)

A
g

e 
(y

ea
rs

)

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

3 4 5 6 7 8 9

CBT-derived pH
Measured pH

pH

A
g

e 
(y

ea
rs

)

Mean annual air temperature (MAAT) and pH were reconstructed using the MBT and 

CBT proxies based on branched GDGTs. Even though the CBT overestimated pH, it is 

noteworthy that CBT-derived and measured pH records showed similar variations (Fig. 1). 

The gradual decrease in pH with decreasing depth is consistent with the transition from a fen 

with intermediate pH to a bog with acidic conditions. The MBT/CBT proxies were shown to 

overestimate temperature (Fig. 1). Thus, in the surface peat, MBT/CBT-derived temperature 

(ca. 10 °C) was higher than measured MAAT (6.8°C) and was more consistent with spring 

and summer temperature (ca. 11 °C), suggesting that branched GDGT-producing bacteria 

might be more active during the warmest months of the year. Reconstructed MAAT showed a 

strong peak at 6,000 cal. BP in agreement with the development of cooler and wetter 

conditions in the Jura Mountains after 6,200 cal. BP (Magny et al., 2012). The temperature 

shift at ca. 6,000 cal. BP very likely reflects both a change in the composition of the peat and 

in climatic conditions, as suggested by the aforementioned geochemical and palynological 

indicators. Similarly, a 14 °C increase in MBT/CBT-derived temperature occurred between ca. 

8.5 and 3 ka BP in a peat core extracted from the same region (Weijers et al., 2011). We show 

that the distribution of branched GDGTs very likely not only depends on MAAT and pH, but 

also on peat vegetation and/or other environmental parameters such as soil moisture. This is 

notably supported by the fact that temperature variations inferred from MBT/CBT proxies 

were weakly linked with moisture variations inferred from testate amoebae until 1.5 m depth 

in the Frasne mire. In conclusion, this study emphasizes the importance of combining several 

proxies to obtain reliable paleoenvironmental data in peatlands.  
 

 

 

 

 

 

 
Figura 1. Estimated MAAT (left) and pH (right) reconstructed using the MBT/CBT proxies 

(Frasne peatland). Measured pH is also presented for comparison. 
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The largest recorded carbon isotopic excursion in Earth history is observed globally in 

carbonate rocks of middle Ediacaran age (ca. 580 Ma). Named for its initial discovery in the 

Shuram Formation of Oman, the ‘Shuram Excursion’ (SE) records a dramatic, systematic 

shift in δ13Ccarbonate values to as low as ca. -12‰ (Fike et al., 2006). The extremely negative 

carbon isotope values in carbonate challenges our assumed understanding of the ancient 

carbon cycle and is difficult to rationalise via traditional steady state carbon cycle isotope 

mass balances (Rothman et al., 2003).  

We report paired organic and inorganic carbon isotope ratios in addition to a detailed 

lipid biomarker stratigraphic record from a subsurface well drilled on the eastern flank of the 

South Oman Salt Basin, Sultanate of Oman. This well captures thermally immature and 

organic-rich Nafun Group strata deposited on an outer continental shelf setting commencing 

immediately above the Marinoan cap carbonate (635 Ma) and extending up through to the 

Ediacaran-Cambrian boundary within the Ara Group (542 Ma).  

Despite the high organic matter contents, the large negative 13Ccarb isotope excursion 

characteristic of the Shuram event is still observed; as is decoupling of organic and inorganic 

carbon isotope ratios through the Shuram Formation. Paired inorganic and organic δ13C data 

only display conventional coupling during the latter part of the excursion’s recovery. Lipid 

biomarker data confirm that sedimentary organic matter composition is consistent with this 

being primary Ediacaran marine organic matter deposited during this interval, since it exhibits 

typical Nafun Group biomarker characteristics (Grosjean et al., 2009; Love et al., 2009); but 

with some recognisable variations observed with stratigraphic depth reflecting minor shifts in 

source organism input and depositional environmental changes. Additionally, a lack of 

obvious covariation between carbon and oxygen isotopes of marine carbonates through the SE 
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is incompatible with previous hypotheses invoking secondary diagenetic alteration of 

carbonates to explain the isotopic patterns (Knauth & Kennedy, 2009; Derry, 2010) in South 

Oman.  

Together these observations imply that carbonate-organic isotopic decoupling during 

the SE is not a result of secondary artefacts such as inputs of weathered detrital ancient 

organic matter transported into the basin or influences from other exogenous carbon sources 

(either contaminants or migrated organic fluids) as has been hypothesised for some low TOC 

Ediacaran sections (Johnston et al., 2012), Ultimately, our results suggest that decoupling of 

bulk sedimentary organic and inorganic carbon isotopic signatures observed globally at this 

time in the mid-Ediacaran is likely a primary phenomenon reflecting unusual carbon cycling 

dynamics (Rothman et al., 2003), although the precise causal mechanisms giving rise to the 

SE currently remain elusive and hotly debated. 
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n-Alkanes present in epicuticular leaf waxes serve as excellent biomarkers because they are 

water insoluble, have negligible volatility, are chemically inert and are also resistant to 

biodegradation, making them valuable proxies for palaeovegetational reconstruction based on marine, 

sedimentary records (Eglinton and Eglinton, 2008). This poster presents extended leaf wax data and 

improved binary modelling for the assessment of C3 vs C4 palaeovegetational reconstruction on a 

continental scale. We use, as proving ground, published data from a N-S transect of 13 sediment sites 

in the south-east Atlantic off the west coast of Southern Africa (Vogts, 2011 ; Vogts et al., 2012).     

C3 plants typically have shorter chain n-alkanes in their leaf waxes than C4 plants.  For 

example, Vogts et al. (2009) presented n-alkane data for C3 plants where the most abundant 

homologues were C29 and C31, with 13C values in the -30 ‰ region, whilst Rommerskirchen et al. 

(2006) reported data for numerous C4 grasses, where the most abundant homologues were C31 and 

C33, with 13C values in the -20 ‰ region. We have extended these plant surveys to include more 

species, especially those abundant in the major Southern African biomes and used the expanded data 

set to derive two new C3 and C4 end-members. 

The new C3 end-member has been generated from two sub-sets: species abundant in the 

savannah (herbs, bushes and trees; ~ 80 species) and species prominent in rain forest vegetation 

(trees, lianas, and shrubs; ~30 spp.).  

The C4 end-member is drawn mainly from species dominating savannah and desert 

vegetation (C4 grasses and some sedges; ~40 species). For the C4 grasses, there are marked 

differences in distribution between leaves and the corresponding flowers and seeds, so we have 

utilized their combined input, resulting in a more even distribution of C27-C35 odd carbon-number 

homologues carrying the C4 stable isotopic signal, as compared with their leaf waxes alone. 

A new modelling method (based on a binary mixing model) was developed to deconvolute 

both the distributions and the compound specific 13C values of sedimentary n-alkane signals in 

terms of relative contributions from two defined end members. This method was applied, using the 

newly modified C3 and C4 end-members, to the n-alkane distributions and 13C values observed at 

the thirteen sediment sites of the N-S Atlantic transect off southern Africa (Vogts,2011 ;Vogts et 
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al.,2012). Proceeding from north to south, the results obtained from the sediment transect show: (i) 

an increase in the average chain length of n-alkanes from 30.1 to 30.8, (ii) n-alkane 13C values 

becoming progressively less depleted (13Cwma(29-33) values -33 to -26 ‰) and (iii) a consistently 

heavy C27 n-alkane signal, particularly compared with the C29 signal, which is likely to be due to  n-

alkanes contributed  by the abundant flowers and seeds of C4 grasses.  

 In Figure l we illustrate, for two sites, a comparison of the actual sediment data with the 

results of end member mixing modelling of n-alkane distributions and 13C values:  Site 3 off  the 

Congo rain forest region and Site 13 in the far south, off the deserts, scrub and grasslands of Namibia.  

These results are fairly typical for the eight C3-dominated northern sites and the five C4-dominated 

southern sites, respectively. Agreement of sediment and modelling data for both homologue 

distributions and their isotopic values seems reasonable, though still capable of improvement.  

 We conclude that the end-member approach to C3/C4 continental scale environmental 

assessment merits further study. 

 

 

 

 

 

Figure 1. Histograms for comparison of odd C-no n-alkane signals (homologue  relative abundances  
and individual 13C values) detected at Atlantic N-S transect Sites 3 and 13  (Vogts et al.,2012) and  

of binary mixes calculated using the new C3 and C4 end-members. 
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Southeast Asia is characterized by a monsoonal climate, with distinct wet and dry 

seasons, which has a great impact on the society, agriculture and infrastructure. Several 

existing paleoclimate records from Asia suggest that dramatic shifts in the structure of the 

Monsoon system have occurred over the Holocene. However, a detailed and spatially 

comprehensive understanding of the dynamics of Southeast Asian hydro-climate - and 

thereby predicting potential changes - is hampered by scarcity of both historical and 

paleoclimate proxy data - both through time and space. We present the first organic 

geochemical results of sediment cores from several lakes in Thailand (Lake Kumpawapi, 

Lake Pakho, Nong (Lake) Thale Pron). More importantly, we also compare compound-

specific deuterium/hydrogen (D/H) ratios of one or more sediment records with that of plants, 

algae and present-day lake water samples, with the ultimate goal to infer past changes in the 

hydrological cycle of South-East Asia. This approach is based on the premise that the 

hydrogen isotopic composition of lipid biomarkers from plants, algae and microorganisms 

deposited in sediments reflects that of their source water, which in its turn is influenced by 

local hydrology (Sachse et al, 2012).  
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The Eastern Mediterranean is recognized as an important zone for recording climate 

variability due to the combination of both tropical and mid-latitude climate forcing and 

teleconnections with major climatic patterns. Here we report the first high resolution record of 

climate variability and ecosystem response in this sensitive area during the last two millennia 

using organic geochemical and micropaleontological proxy indices. We target specific time 

intervals such as the Dark Ages (DA; 500-900 AD), Medieval Climate Anomaly (MCA; 900-

1250 AD), Little Ice Age (LIA; 1250-1850 AD) and Instrumental Period (IP; 1850-2010 AD). 

A multicore retrieved from the North Aegean Sea (M2: 40o05N, 24o32E, 1018m water 

column depth) was sectioned at 0.5cm intervals and dated by 210Pb and radiocarbon. Samples 

were analyzed for lipid biomarkers and calcareous nannofossils (Fig. 1). Past SSTs were 

reconstructed using the alkenone unsaturation index (Uk'
37), while water column stratification 

and net primary production were evaluated from calcareous nannofossil indices (S and NPP 

indices). Phytosterols and plant wax n-alkanes and n-alkanols were used as proxies to track 

marine and terrestrial ecosystem responses to climatic variability and land-ocean interactions.  

The SST-record reveals significant variability with marked cool/warm intervals. 

Increasing SSTs from ~650 to 1400 AD (14.9oC to 18oC) followed by a significant cooling till 

the early 1600’s (average 16.4oC) mark the onset of a warm period with SST values similar to 

present day. After a sharp decrease ending at ~1700 AD, the last three centuries exhibit rise in 

SSTs of ~1oC/100 yrs. To our knowledge the latter feature has been undocumented in North 

Atlantic cores but often observed in paleoclimate reconstructions of the European climate. 

This finding may reflect feedbacks from surrounding land-masses contributing to 

“continentalize” the Mediterranean climate.  
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 During the DA, SST averages 15.8oC while the significant decrement trend observed 

for terrestrial inputs is indicative of the establishment of arid continental conditions. The onset 

of MCA is characterized by a marked increase (1.1oC) in SST that averages 16.3 oC during 

this period. Elevated terrestrial inputs between ~1000-1200 AD are characteristic of humid 

climate conditions that positively impact the photic zone productivity. The ~1200 AD peak in 

terrestrial inputs coincides with a major period of flooding events in the Eastern 

Mediterranean (Luterbacher et al., 2012). Interestingly, the onset of the LIA (~1250 AD) is 

marked by an increment trend in SST; after a significant cooling around 1600 AD (16.2oC), 

SSTs reach values as high as 19.5oC at ~ mid-1600’s. High SSTs observed during the 17th 

century are weakly expressed in the Northern Hemisphere reconstructions (Mann et al., 2009), 

but have been observed in European continental temperature records (Luterbacher et al., 

2012). In agreement with SST trends, S index increment between ~1350-1650 AD points to 

an increase in the water column stratification that likely promotes in-situ preservation of 

exported organic matter, as it is evidenced by the HPA index values. Land plant inputs reveal 

a transition from arid conditions between ~1250-1400 AD to humid conditions after ~1400 

AD. In the colder phase of LIA (~1700 AD, Maunder solar minimum), stratification decreases 

and productivity increases due probably to enhanced winter mixing conditions, following SST 

minima. Finally, SST and terrestrial inputs rise significantly after ~1860 AD, impacting 

drastically on the algal productivity of the euphotic zone. 

 

Figure 1. Organic geochemical and micropaleontological proxy indices reported in this study  
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27 surface sediment samples were retrieved during cruise M76-2 (May, 2008) in 

central Benguela Upwelling System (BUS), 17°S - 23°S, 11°E – 14°E. Chlorophyll pigments 

were extracted with pheophytin-a as the major component, and further purified by two-step 

purification process in Shimadzu HPLC equipped with semi-preparative and 3 analytical 

reversed-phase columns (modified from Sachs 1997, Higgins et al., 2009). Baseline resolution 

separation was achieved. Recrystallized POR (K2S2O8 in aqueous NaOH of semi-conductive 

quality) is used as oxidizer to transfer the nitrogen of pheophytin-a to nitrate. Then, δ-
15Npheophytin-a was determined using the “denitrifier method” (Sigman et al., 2001b). The δ-15N 

background of POR is determined along each oxidization treatment by a spiked method with 

IAEA-N3, USGS standards, and a self-prepared KNO3 standard with determined δ-15N value.  

During a 3-month consecutive determination, the isotopic background (δ15N) of 

purified POR is on an average of -15‰, which means 1 ml POR solution may results in a 

negative deviation of 1-2‰ on the δ-15N value of samples treated with POR (based on the N 

content of the sample and Isotopic Mass Balance calculation. Generally, 20 nmol N is 

considered for each run of denitrifier method, thus, the POR will cause -1‰ deviation). This 

result may call necessary attention to the δ15N analysis of reductive nitrogen when using a 

combined procedure of POR oxidization and denitrifier method.  

Preliminary analysis of the δ-15Npheophytin-a of 27 surface sediment stations suggest the 

possibility of using δ-15Npheophytin-a as an indicator for δ-15N spatial distribution of sourced 

NO3
- in water column of BUS.  

 

 

 

 

 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 328 -



REFERENCES: 
 
Julian P. Sachs, (1997), PhD thesis, Nitrogen Isotopes in Chlorophyll and the Origin of 

Eastern Mediterranean Sapropels, Published on line, by Joint Program in 
Oceanography/Applied Ocean Science and Engineering  by Woods Hole Oceanographic 
Institution & Massachusetts Institute of Technology. 

Higgins, M. B., Robinson, R. S., Casciotti, K. L., McIlvin, M. R.,  Pearson A., 2009. A 
Method for Determining the Nitrogen Isotopic Composition of Porphyrins, Analytical 
Chemistry. 81(1), 184–192. 

Sigman, D. M., Casciotti, K. L., Andreani, M., Barford, C., Galanter, M., Böhlke, J. K., 2001b. 
A Bacterial Method for the Nitrogen Isotopic Analysis of Nitrate in Seawater and 
Freshwater. Analytical Chemistry 73(17), 4145-4153. 

 
 
 
 
 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 329 -



PALEOPRODUCTIVITY OF DINOFLAGELLATE AND CYANOBACTERIA 
DURING THE MID-CRETACEOUS OCEANIC ANOXIC EVENTS IN THE 

VOCONTIAN BASIN, SE FRANCE. 
 

Takuto ANDO1*, Ken SAWADA1, Reishi TAKASHIMA2 and Hiroshi NISHI2 
 

1. Faculty of Science, Hokkaido University, Japan 
2. Tohoku University Museum, Tohoku University, Japan 

*) Corresponding author: tact@mail.sci.hokudai.ac.jp 
 
The mid-Cretaceous is well known to be extremely high temperature and pCO2 

triggered by enhanced volcanic activity in large igneous provinces (LIPs). Laminated black 

shales were found for several formations deposited during this period, which suggests that the 

oceanic anoxic events (OAEs) were repeatedly occurred. Previous geological and 

geochemical results inferred that the OAEs were caused by ocean water stratification and/or 

high productivity in sea surface waters. It was reported that cyanobacteria was expanded as 

main primary producer during the OAE1a and OAE2, called ‘Cyanobacterial Ocean’. 

Nevertheless, in the levels of the OAE2, cyanobacterial biomarker, 2-methyl hopanoid was 

detected from only pelagic sections of the proto-Atlantic [1]. In this study, we focus on 

variation in paleoproductivity during the major OAEs (OAE1a, 1b, 1c, 1d, and 2) in the mid-

Cretaceous by their biomarker analyses.  

Black shales and adjacent sedimentary rocks were collected from the outcrops and 

sediment cores of the Goguel (OAE1a), Jacob, Kilian, Paquier, Leenhardt (OAE1b), unnamed 

(OAE1c), Breistroffer (OAE1d) and Thomel (OAE2) levels in SE France. The sediment 

samples were crushed to fine powder. Lipids were ultrasonically extracted from the powder 

samples as reported previously [2]. These fractions were analysed by GC/MS. 

Triaromatic steranes and aliphatic hopanes were detected from aromatic and aliphatic 

hydrocarbon fractions of all samples, respectively. For evaluating productivity of 

dinoflagellate, the triaromatic dinosterane index (TDSI) as reported by Wang et al. [3] is 

refined to the TDSI’, which is calculated by the equation as caption of Fig.1. The 2-methyl 

hopane index (2-MHI) is also used for evaluating cyanobacterial productivity. The 

relationship between the TDSI’ and 2-MHI is shown in Fig.1. The TDSI’ values from the 

Goguel to Kilian levels are lower and increased from the Paquier level. Subsequently, the 

TDSI’ values during the OAE 1c and 1d deceased, and those increased during the OAE2. 

Therefore, dinoflagellate productivity was possibly enhanced within the OAE1b (the Aptian-

Albian boundary). Furthermore, the TDSI’ values are higher at the onset of individual OAE 

levels and decreased at cooling event (the Plenus cooling event) in the OAE2. These results 
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suggest that dinoflagellate was most dominant producer in eukaryotic algae under higher 

temperature condition in well-stratified sea surface environments, especially since the OAE1b 

(Paquier). On the other hand, cyanobacteria production might be higher during the OAE1a 

(the Goguel level; 2-MHI = 5-25%), but its algae produced as minor component after the 

OAE1a (2-MHI < 5%). The 2-methyl bacteriohopanepolyol (BHP)-producing marine 

cyanobacteria (e.g., Synechococcus [4]) is known to inhabit stratified and oligotrophic water 

at the present, so that the higher 2-MHI value suggests cyanobacreria-dominant production 

under oligotrophic sea water. Thus, it is likely that main producer was converted from 

cyanobacteria to dinoflagellate during the OAE1b (the Aptian-Albian boundary), as a result of 

change from oligotrophic to eutrophic surface water conditions in the western Tethys. 

 

Figure 1. The relationship between the TDSI’ and 2-MHI values in the sediments deposited 
during the OAE 1a, 1b, 1c, 1d and 2 at the Vocontian Basin.  TDSI’ = triaromatic 

dinosteranes / (C26 and C27  triaromatic steranes + A-ring methyltriaromatic steranes), 2-MHI 
= 2-methyl C31 hopane / (2-methyl C31 hopane + C30 hopane). 
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The alkenone unsaturation index UK’
37 is widely used for reconstructing sea-surface 

temperatures (SSTs). However, a careful evaluation of the most likely ancient alkenone 

producers is essential to ensure the reliability of the UK’
37 in sediments predating the first 

occurrence of modern alkenone producers (i.e. Emiliania huxleyi and Gephyrocapsa 

oceanica). This study investigates ancient alkenone producers among the late Pliocene 

(Piacenzian) coccolithophores at Punta Grande/Punta Piccola composite section (southwest 

Sicily, western Mediterranean). The comparison between coccolith species-specific fluxes and 

alkenone contents shows that Reticulofenestra minutula was a major alkenone producer, 

although the contribution to alkenone production of other Noelaerhabdaceae species (such as 

Pseudoemiliania lacunosa) is likely. Since R. minutula is phyletically close to modern 

alkenone producers, the UK’
37 index could be used to reconstruct SSTs from these late 

Pliocene sediments.  

Variations in alkenone-based SSTs, coupled with variations in total organic carbon 

(TOC), in lipid biomarkers and in nannofossil fluxes, were used to characterize the 

environmental conditions prevailing during the late Pliocene of the studied section. Three 

intervals of varying sea-surface trophic conditions were distinguished: meso-oligotrophic 

conditions between 3.6 and 3.1 Ma, more oligotrophic conditions between 3.1 and 2.8 Ma, 

and meso-eutrophic conditions between 2.8 and 2.6 Ma. The Punta Grande/Punta Piccola 

composite section exhibits two series of organic-rich sedimentary layers (so-called sapropels) 

which, based on the aforementioned observations, can be explained by distinct mechanisms of 

formation. A first series of sapropels is likely due to a better preservation of organic matter, 

due to the development of a thermohaline stratification of the water column and to oxygen 

depleted bottom waters. A change in alkenone profile (i.e., higher proportions of EtC38:2 and 

EtC39:2 alkenones) in some of this sapropel layers suggests stressing conditions for 

phytoplankton growth, such as nutrient depletion (Prahl et al., 2003). The second series of 
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sapropels is more likely due to enhanced primary productivity in a non-stratified water 

column. 
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The Eocene-Oligocene boundary (EOB; ~ 34 Ma) marks the change from a 

“greenhouse" climate to an “icehouse” climate with a dramatic cooling event, leading to the 

formation of a large and permanent ice-sheet on East Antarctica. However, only a few 

paleoenvironmental studies have investigated low latitude-sites (e.g., Nilsen et al., 2003; Liu 

et al., 2009). This study aims at characterizing paleoenvironmental changes at Deep Sea 

Drilling Project Site 511 (South Atlantic) during the late Eocene−early Oligocene, using 

variations in sea-surface temperatures (SSTs) reconstructed from the alkenone unsaturation 

index UK’
37, in lipid-biomarker concentrations (long-chain diols, alkenones) and in sediment 

composition (TOC, calcium carbonate, silica). Reconstructed SSTs indicate a progressive 

cooling (~8°C) from 34.4 Ma to 33.5 Ma (Figure 1). This cooling is associated with an 

increase in primary productivity (probably induced by upwelling conditions) as attested by 

fluxes of TOC, of phytoplanktonic biomarkers (long-chain diols) and of carbonate/silica 

fluxes. These environmental changes induced a significant shift in nannofossil assemblages. 

It is commonly assumed that the most probable Cenozoic alkenone producers are to be 

found within the family Noelaerhabdacaea, notably the genera Reticulofenestra, although 

other genus have probably been overlooked (Plancq et al., 2012). In the present case, the 

comparison between Noelaerhabdaceae species-specific absolute abundances and alkenone 

concentrations in the same sedimentary samples did not allow an unequivocal identification of 

alkenone producers at Site 511 during the late Eocene-early Oligocene, but alkenone 

production by R. dictyoda, R. minuta and R. clatrata seems likely. Interestingly, SSTs derived 

from the alkenone unsaturation index, which is calibrated on modern alkenone producers, are 

consistent with those derived from other temperature proxies (TEX86; δ
18O) at the same site 

and for the same time interval (Muza et al., 1983; Liu et al., 2009; Figure 1). This suggests 

that the UK’
37 index is less species-dependent than previously suggested and/or that the 

ancient alkenone producers at Site 511 were phyletically closely related to modern producers.  
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Figure 1. Paleo-sea surface temperatures (SSTs) derived from various temperature proxies at 
DSDP Site 511 during the late Eocene-early Oligocene. SSTs obtained in the present study 
(black line) are compared with those obtained by Liu et al. (2009) using UK’

37 (filled circles) 
and the tetraether index TEX86 (empty circles), and with those of Muza et al. (1983) who used 

the stable oxygen isotope composition of planktonic foraminifera (δ18O; blue stars). 
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The uppermost Famennian Hangenberg event, although not considered as one of the 

‘Big Five’ mass extinction events, represents a very important period of Phanerozoic biotic 

crisis. Here we presenting a multi-proxy study conducted on the Hangenberg Black Shale 

(HBS) from the Polish (Kowala quarry) and German (Drewer quarry) part of the Laurussian 

Shelf. Pyrite framboids are common in all the HBS samples from both locations, where the 

predominant populations have mean diameters around 3-4µm. In samples from the bottom 

part of HBS 80% to 90% of the framboids characterized by diameter below 5µm with absence 

of larger > 10 µm ones, while in middle and upper part of the shale individual larger pyrites 

are occasionally present. Inorganic and organic redox proxies indicate that bottom water 

redox conditions changed periodically from being mainly anoxic / euxinic to being partially 

depleted in oxygen with some oxic periods. U/Th values above 1.25, Ni/Co values above 7 

and V/(V+Ni) values above 0.8 recorded from the lower part of the HBS from Kowala all 

point to anoxic / euxinic conditions being present. These samples characterized also by high 

total organic carbon contents (above 9%) and degree of pyritisation (DOP) values around 

0.75%. However, the occurrence of benthic fauna over the lower part of the HBS suggests 

brief opportunistic colonisation of the seafloor during short-term oxic episodes. Similar 

episodes were more frequent over the middle part of the HBS, what is indicated by U/Th 

values below 1.25, Ni/Co values below 4, V/(V+Ni) values below 0.8, TOC values of 3% to 

5.5% and DOP values of 0.4% to 0.75%, plus the common occurrence of benthic fauna. 

According to data from Kowala HBS, common anoxic / euxinic conditions returned during 

the deposition of the upper part of the HBS, though they were not as well developed as when 

the lower part of the shale was laid down.  

Of interest is the presence of isorenieratane and its derivatives in all the analysed 

samples, which - together with predominance of tiny framboids - suggest that euxinic 

conditions persisted in the photic zone of the water column (Marynowski et al., 2012). 

 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 336 -



 

Figure 1.  The general scenario of evolving depositional environments and main events during 
the HBS Event in the S part of Laurussian shelf. 

 

Although anoxic / euxinic conditions predominated during deposition of the HBS, 

benthic fauna have been recorded from the samples. Their presence pointing to episodic short-

term oxygenation of the bottom waters, which promoted the rapid, but transient, colonisation 

of the seafloor by opportunistic species.  
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Late Devonian sedimentary successions are ubiquitously characterized by global black 

shale deposits that are associated with biotic events of varying magnitude, including the 

Lower and Upper Kellwasser events at the Frasnian-Famennian boundary (House, 2002). 

Marine anoxia or euxinia is widely thought to be an important contributing factor to these 

biotic crises, though the duration and global extent of marine anoxia/euxinia during each 

depositional event are not always well constrained within a robust stratigraphic framework. 

Using a multi-proxy approach, this study tests the efficacy of three distinct oceanographic 

models for ocean redox chemistry during times of Mid-Late Devonian black shale deposition 

in two foreland basins: 1) an oxic setting with sub-oxic bottom waters but with sulfide 

production confined to sedimentary porewaters; 2) an expanded oxygen minimum zone within 

a highly stratified marine redox column with only intermittent photic zone (shallow water) 

euxinia (after Murphy, et al., 2000 and Marynowski, et al., 2011); and 3) a persistently 

euxinic water column, below oxic surface waters, extending up into the photic zone (after 

Brown & Kenig, 2004 and Melendez, et al., 2012).  

Using a combination of inorganic and organic geochemical proxies and trace fossils to 

constrain relative oxygen levels and identify signals of anoxia and euxinia, bottom water 

oxygen conditions are characterized at a high resolution for mudstones of the Pipe Creek and 

Hanover Shale Members of the Java Formation in the low paleolatitude Appalachian Basin 

(New York State, USA) and the prodeltaic shales of the Tomachi Formation in the high 

paleolatitude Madre de Dios Basin (Bolivia). The Hanover Member and Tomachi Formation 

are correlative and cover the Frasnian-Fammenian extinction interval and Upper Kellwasser 

black shale horizon; the Pipe Creek Member is correlative to the Lower Kellwasser black 

shale horizon. The Appalachian Basin localities are well-exposed outcrop sections, 

biostratigraphically well-constrained and paleontologically well-characterized; the Tomachi 

Formation material is from the Pando X-1 core, in which the Frasnian-Famennian boundary 

interval has been constrained via conodonts to a 10 m interval. The shales of the Appalachian 

Basin yield high levels of rock bitumen 1, and independent maturity assessments by Rock-
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Eval pyrolysis (Tmax of 440-444oC) suggest they fall within the mid-oil window. The Tomachi 

Formation is also characterized by organic rich (up to 21 wt% TOC) and thermally immature 

(HI>400 mg hydrocarbon/g TOC; Peters, et al., 1997) sedimentary rocks with abundant 

extractable organic material. Sterane carbon number patterns are typical for Paleozoic marine 

rocks (e.g. a low C28/29 sterane ratio of <0.3), indicating that the biomarker molecules in the 

extracted bitumens are syndepositional and not significantly affected by contamination 

effects.  

While consistently high degree of pyritization (DOP) values through the Pando X-1 

core suggest euxinic conditions prevailed during the deposition of the Tomachi Formation in 

the Madre de Dios basin, no appreciable amount of aromatic carotenoid biomarkers diagnostic 

for green sulfur bacteria (isorenieratane and aryl isoprenoids) has been detected as yet at any 

of the Appalachian localities; the evidence favors a local paleoredox model without a 

persistently shallow sulfidic zone. Thus, photic zone euxinia is not always associated with 

extinction horizons in the Late Devonian, though it is possible that a complex redox stratified 

water column with an oscillating chemocline existing for extended periods below photic zone 

water depths (>100 m depth) was the depositional setting in the marine realm around ocean 

margins. The presence of horizons with abundant faunal bioturbation between well-laminated 

intervals in Appalachian strata provides robust paleontological support for ventilation 

episodes and implies intermittently oxygenated bottom waters. 
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Japan Sea is regarded as a semi-isolated sea surrounded by four shallow straits. 

Therefore, it is supposed that the environment of Japan Sea has significantly altered in 

accordance with the change in temperature and sea level during glacial-interglacial period[1]. 

In particular, it has been suspected that organic compounds contained in the sediment closely 

reflect such environmental changes in the area [1].  In this study, we have analysed the 

biomarkers of terrestrial and marine organisms contained in the sediment of Japan Sea, which 

conserve the history of past 80,000 years. The samples were obtained from KH79-3, C-3 core 

(9.13m, 37˚03.5’N, 134˚42.6’E) and L-3 core (2.35 m, 37˚04.3’N, 134˚42.2’E).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Depth profiles for (a) Middle chain fatty acids, (B) Phytol, (C) TOC and 
(D) �13C values forKH79-3, C-3 core. and OIS is referred to Oba and Akasaka 

(1990). 
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The variations of middle chain fatty acids (n-C14-C18FA) and phytol seemed 

approximately to correspond with TOC (Total organic carbon). However, the concentration of 

middle chain fatty acids was higher while that of phytol was lower at stage 1. These results 

suggest the effects of the following two factors; (1) Japan Sea became reductive environment 

because the area was more isolated due to the lowered sea level during stage 2, and (2) 

although biological production relatively increased during stage 1 that was warmer than stage 

2, phytol was likely decomposed in the oxidative environment at the seabed of Japan Sea[1].  
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Stable isotopic compositions of leaf wax n-alkyl lipids (e.g., alkanes, alkanols and 

alkanoic acids) are routinely employed in plant ecophysiological, biogeochemical and 

paleoenvironmental/paleoclimate studies. These parameters are typically described in terms of 

the -values of specific homologues or their concentration-weighted means (e.g., Ponton et al., 

2012). Data derived from sediment analyses are used to infer contributing plant type, and 

hence, (paleo)environmental conditions (e.g., relative humidity) experienced by local or 

regional vegetation supplying the waxes.  Measurements of 13C values of long-chain n-alkyl 

lipids in plant species utilizing different metabolisms for carbon fixation (C3, C4 and CAM) 

indicate that there is considerable spread in -values within each of these categories, 

particularly the C3 plants (e.g., Freeman & Colarusso, 2001).  Also, isotope signatures 

retrieved from environmental matrices often exhibit substantial variation among individual 

homologues; this variability must reflect properties of the ecosystem from which the signals 

derive, or potentially other factors such as non-higher plant leaf sources or selective 

preservational or degradation processes (Agrawal et al., subm.). Hence, environmental 

information is embedded not only in the isotopic values of individual homologues, but also in 

their isotopic spread. We propose a new parameter - the Leaf Epicuticular Wax Isotopic 

Spread (“LEWIS”),which simply describes the range between maximum and minimum -

values among the individual n-alkyl lipid homologues under investigation. 

As an example of the application of the LEWIS parameter to paleoenvironmental 

studies, Figure 1 shows stable carbon isotopic data for long-chain (C26 - C32) n-alkanoic acids 

from a sediment core collected in the Bay of Bengal proximal to the mouth of the Godavari 

river system (Ponton et al., 2012). The 13C records show a distinct isotopic shift towards 

higher 13C values from the early to the late Holocene, expressed by -values of both the 

individual homologues (Fig 1a) and the mean weighted average (Fig 1b).  This trend was 

interpreted by Ponton et al. (2012) as reflecting increasing proportions of C4 vegetation, 

presumably driven by aridification in the Godavari river drainage basin and, more broadly, in 

the Indian subcontinent.  Indeed, the -values for the late Holocene approximate to those for 
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the last Glacial (Fig. 1 a,b).  In addition to this overall 13C-enrichment from early to late 

Holocene, there is also a clear shift in the spread of -values among the individual 

homologues, most notably between the C26 and C32 acids (Fig. 1a). LEWIS values (Fig 1b) 

maximize (ca. 6 ‰) in mid-Holocene and are at a minimum (ca. 2 ‰) in the late Holocene. 

Given that the sediment core was collected from a high burial rate location proximal to a 

major river system (Godavari), non-higher plant sources and post-depositional processes are 

unlikely to have significantly influenced long-chain fatty acid isotopic signatures of the 

vascular plant inputs.  Instead, we infer that during the early and mid Holocene, a varied 

range of predominantly C3 biomes occupied the subcontinent, and these were replaced by less 

diverse, mainly C4 savanna-type, grassy biomes in the more arid late Holocene.  

We conclude that the LEWIS parameter could be a useful additional descriptor in 

plant wax isotope studies, for example in assessing the vegetation of contributing biomes. 

 

  
Figure 1. (a) Variation with age (Ka) of deposition in 13C values (‰) of individual long-

chain n-alkanoic acid homologues (yellow, n-C32; green, n-C30; red, n-C28; blue, n-C26); (b) 
Variation with age (Ka) in the corresponding weighted average of individual n-alkanoic acid 
13C values (red line), and in LEWIS (‰) expressed as a 3-point moving average for the 
range in maximum and minimum 13C values among individual homologues (blue line). 
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In order to distinguish human and climatic impacts on ecosystem changes during the 

Holocene, a growing interest is given to organic geochemical studies of lacustrine 

sedimentary archives. In particular, analyses of molecular content in sediments can provide 

information about past evolutions in biological communities in the water column and history 

of vegetation changes in the catchment both under natural or anthropic activities. 

Lake Montcineyre (1,182 m a.s.l. – 40 ha) is a small lacustrine system formed by a 

recent volcanic dam in the French Massif Central and its catchment (200 ha) essentially 

consists of recent coniferous forest and grassland. Historical data provide a detailed frame for 

past anthropic activities during medieval times, especially pastoralism.  

A multi-parameter analysis has been led on a short-core covering the last 700 years. 

First results indicated a dark-brownish sediment rich in organic material with important 

variations in sedimentation rates (Chapron et al., 2012). With the aim to get additional 

information on past land use in Montcineyre catchment, molecular analysis were carried out. 

Sedimentary material was sampled at a pluri-annual to pluri-decennial resolution. Lipids were 

extracted and separated into different fractions by using solvents of increasing polarity. After 

addition of 5α-cholestane as internal standard, each fraction was analyzed by Gas 

Chromatography coupled to Mass Spectrometry (GC-MS).  

Analyses revealed a high diversity of compounds. Among them, methoxyserratenes 

derivatives (3,21-dimethoxyserrat-14-ene, 21α-and 21β-methoxyserrat-14-en-3-one) specific 

of Pinaceae (Le Milbeau et al., 2013), have been identified in the top of the archive. This 

constitutes the first report of these molecules in lacustrine sediments and is consistent with the 

development of recent coniferous forests in the catchment. Triterpenyl acetates (taraxeryl 

acetate, isobauerenyl acetate and friedelanyl acetate) have also been detected in the core, with 

higher values at the top. These molecules are mainly synthesized by Asteraceae and are 

indicative of open to semi-open environments (Lavrieux et al., 2011). In addition, some 

pentacyclic triterpene methyl ethers are present, mainly in the upper part of the sediment and 

suggest the presence of Poaceae in the catchment (Jacob et al., 2005). Fluctuations in 4-

methylstanol and 4-methylstanone concentrations along the core, attest of variations in 
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microalgae contribution. Furthermore, the concentration of botryococcenes, which are tracers 

of Botryococcus sp. microalgae (Metzger et al., 1991), increases with depth until a maximum 

of 10 µg/g at the bottom-core that could be linked to a Botryococcus sp. bloom. 

The evolution of biomarkers distribution with depth reveals the respective 

contributions of autochthonous (water column) and allochthonous (surrounding vegetation 

and soil erosion in the watershed) inputs for the last 700 years. These preliminary biomarker 

results on the Montcineyre sediment archive must be compared to other records recently 

acquired in the region (lakes Pavin and Aydat) in order to understand both climatic and 

anthropic triggers at local and regional scales on ecosystems evolution during the Holocene in 

the French Massif Central. 
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The Paleocene – Eocene Thermal Maximum (PETM), a hyperthermal event that 

occurred ca. 56 Ma, has been attributed to the release of substantial amounts of isotopically 

light carbon. This release had a major impact on the atmosphere, biosphere, and hydrosphere. 

The amount, duration and mechanism(s) of carbon release are a subject of considerable debate, 

since the magnitude and profile of the Carbon Isotope Excursion (CIE), associated with this 

event, differ between locations on a global scale. High resolution organic carbon isotope 

profiles (13CTOC) of six PETM sections in northern Spain are presented, spanning a 450 km 

transect from continental (Claret, Tendrui, and Esplugafreda sections) to marine (Campo, 

Zumaia, and Ermua sections) environments. These data represent the highest resolution 

13CTOC records for these sections, and allow for comparison of the magnitude, profile shape, 

and relative timing of the onset of the CIE across a linked sediment routing system. Results 

indicate that no systematic variation in the magnitude of the CIE is recorded between the 

continental and marine realms, and profile shape varies between the sections. This contributes 

additional understanding regarding the rate and timing of the PETM carbon release, and the 

mode and rapidity of carbon drawdown during the recovery phase.  

The continental section of Claret and the marine section of Zumaia have been 

analysed further using 13C values of higher plant-derived n-alkanes to resolve the magnitude, 

profile shape, and onset of the CIE in a localised system. The magnitude of the δ13Cn-alkane CIE 

is an agreement with the δ13CTOC records at both sections, and is similar between sections 
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(Claret ~4‰, Zumaia ~5‰). This contradicts global records that suggest a difference in CIE 

magnitude between the continental organic carbon and marine carbonate carbon records (δ13C 

marine 2.5 - 4‰, δ13C terrestrial 6 - 8‰; Bains et al. 1999; Bowen et al. 2001; Schmitz and 

Pujalte 2003). This is particularly significant when considering that the global discrepancy 

between records is from sites as disparate as the Arctic (Schouten et al. 2007) and the South 

Atlantic ocean (Zachos et al. 2005) with potentially very different influences, whereas the 

data presented here is from within a linked sediment routing system. This data may therefore 

help to calibrate any perceived differences at other sections of the CIE associated with the 

PETM, which in turn would allow for more accurate models of future climate projections.   

Profile shape is important as different profile shapes have been observed globally and 

are intriguing as they may suggest different carbon drawdown methods being observed.  At 

Claret, both δ13CTOC and δ13Cn-alkane records suggest a box-shaped profile, however at Zumaia 

δ13CTOC data suggest a triangular shaped profile, whilst δ13Cn-alkane data records a box-shaped 

profile similar to that at Claret. In this localised setting, this cannot be explained by different 

carbon sequestration methods, so instead this is interpreted as sediment re-working and 

alternating continental and marine carbon sources, which may be biasing the marine record.  

Palynological analyses is being conducted at Claret and Zumaia, and used to test this 

reworking hypothesis at Zumaia, both in terms of pollen assemblages throughout the sections, 

and reworking of older more thermally mature sediment being washed in, which may also 

have an effect on profile shape. 

Higher plant-derived biomarker analysis will serve to further test these results, which 

will provide the first data of this type in northern Spain, and could have implications for our 

understanding of the PETM. 
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The Kuroshio Current (KC) is the western boundary current of the subtropical North 

Pacific Ocean and a key component for the meridional transport of heat from the Western 

Pacific Warm Pool (WPWP) to the northern mid-latitudes. Off the coast of Japan (presently at 

36°N), the KC is diverted eastwards to form the Kuroshio extension as it encounters the 

subarctic Oyashio Current (OC), which is part of the western subarctic gyre and transports 

cold waters from the North Pacific Ocean to the south. Variation in the strength and migration 

pattern of both ocean currents is considered to control much of the climate of the NW Pacific 

Ocean with particular impact on Japan and the East Asian continent. 

 In this study, we reconstructed sea surface temperature changes of the Kuroshio 

Current over the last 8.1 Ma by studying the lipid inventory of deep-sea sediments recovered 

from the Nankai Trough area (SE Japan) during IODP Expedition 333. Results of this 

investigation showed that TEX86-derived sea surface temperatures (SSTs) ranged from 17.3-

30.1 °C and were warmest during the late Miocene with subsequent cooling over the length of 

the record (Fig. 1). SST declined by ca. 5 °C between 7.4 and 5.5 Ma ago, and cooled an 

additional 8 °C from the early Pliocene warm period, about 3.7 Ma ago, into the recent 

Pleistocene ice ages. Similar trends in SST, although somewhat different in magnitude, were 

obtained from the distributions of C37 di- and triunsaturated alkenones (UK’
37) and long chain 

diols (LDI) retained in the Nankai Trough deep-sea sediments. Our record is thus consistent 

with other sea surface temperature data reported from the central NW Pacific (LaRiviere et al. 

2012) and when viewed in concert with previous SST estimates from the Western Pacific 

Warm Pool (Nathan and Leckie 2009) reveals that late Miocene meridional SST gradients 

were reduced relative to those of the Pliocene. It also shows that the cooling trend in SST 

starting in the late Pliocene may be related to the closing of the Indonesian Seaway, which 

resulted in the reorganization of ocean current circulations in the NW Pacific with severe 

impacts on the climate of the NW Pacific. 

 Despite the overall similarity in the long-term cooling trend for the NW Pacific, our 

record differs significantly from other palaeotemperature records in that it repeatedly shows 
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periods characterized by short-lived and severe drops in sea surface temperature by 5-7 °C 

(Fig.1). We interpret these periods as the results of the southward migration of the Kuroshio-

Oyashio mixing front, leading to a stronger influence of subarctic waters and a subsequent 

drop in sea surface temperatures at our study site. This agrees with a concomitant increase in 

the concentration of nonacosan-10-ol, a specific biological marker for members of the Picea 

(Jetter et al. 2006), which have been reported to expand on the northern Japanese Islands 

during glacial periods (Inagaki et al. 2009). 

 Our SST record of the Nankai Trough thus provides first evidence that late Miocene 

SSTs off Japan were significantly warmer than present (by 5–6 °C), and that there was nearly 

unidirectional cooling over the past 8 Ma. Our results also show that variations in the strength 

and flow pattern of the Kuroshio and Oyashio Currents were tightly coupled to the climate 

evolution of Japan and possibly also the East Asian continent. 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Calculated sea surface temperatures (SSTs) of the Nankai Trough area based on the TEX86, 
UK’

37 and LDI palaeotemperature indices. Intervals characterized by a significant decline in SST are 
shaded in grey. 
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The Palaeocene-Eocene Thermal Maximum (PETM; ~56 Ma) was a global event 

associated with severe climatic and environmental change and a massive injection of 13C-

depleted carbon. A number of biomarker studies of globally distributed sections have revealed 

important information on environmental changes during the PETM, but none have yet 

examined the North Sea basin. In this study we characterized the biomarker lipid composition 

in outcrops from Denmark which contain sediments from the northeastern North Sea basin 

deposited during the PETM.  

Lithological and palynological data suggests an abrupt lithological transition at the 

onset of the PETM, from a well-oxygenated environment to a highly productive depositional 

setting with anoxic and sulfidic bottom water conditions. These conditions are suitable for the 

formation of organic sulfur compounds (OSCs; Sinninghe Damsté et al., 1988). Therefore, 

polar fractions of extracts of the PETM sediments, potentially containing high-molecular-

weight OSCs, were treated by selective chemical degradation using Raney Nickel. This lead 

to the release of a large number of sulfur-bound biomarkers (Fig.1).  

Comparison of the free and S-bound fractions (Fig. 1) shows large differences, clearly 

confirming the importance of studying high-molecular-weight OSCs (Kohnen et al., 1992). 

Main differences are the higher abundances of phytane, C27-C29 steranes, and hopanoids, such 

as the C31 and C35 ßß hopanes in the desulphurized polar fraction compared to the free 

hydrocarbon fraction. Importantly, the S-bound fraction contains relatively high abundances 

of the highly specific C25 highly branched isoprenoid (derived from certain diatom genera) 

and the (partially) hydrogenated derivative of isorenieratane (derived from green sulfur 

bacteria and indicative of photic zone euxinia), both absent from the free hydrocarbon 

fraction. It is striking that the same S-bound biomarkers, i.e. C25 HBI and isorenieratane, were 

also detected in the sediments of Eocene Thermal Maximum 2 (ETM2; ~54 Ma) from the 
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Arctic Ocean (Schoon et al., 2011), 

suggesting similar restricted 

palaeoenvironmental conditions during 

these two events.  

Stable carbon isotope analysis was 

attempted on three selected S-bound 

biomarkers (i.e. phytane, C35 hopane and 

the C25 HBI), in order to reconstruct the 

atmospheric CO2 concentrations for 

intervals before, during and after ETM2 

(c.f. Schoon et al., 2011 for ETM2). 

Unfortunately, because the S-bound 

biomarkers are only present directly after 

the onset of the PETM, we were not able 

to record the full magnitude of the CIE and can therefore only reconstruct pCO2 levels for the 

CIE interval itself. Our first rough estimations points to pCO2 levels of approximately 2-3 

times pre-industrial levels, and thus lower than during the ETM2 event. This is consistent 

with the fact that ETM2 occurs close to the Early Eocene Climatic Optimum and the higher 

sea surface temperatures, inferred from TEX86, that are recorded for ETM2 compared to those 

for the PETM in the Arctic Ocean sediments (Sluijs et al., 2009). 
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Figure 1. Gas chromatograms of the "free" (upper 
panel) and S-bound (lower panel) fractions of one 

of the sediment samples deposited during the 
PETM in the northeastern North Sea basin. 
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The early Eocene (55.8-48.6Ma) is characterised by extreme warmth and an 

invigorated hydrological cycle. However, the response of the terrestrial environment remains 

poorly understood and few reliable records exist1. A series of 10 coal seams, of relatively low 

thermal maturity and ranging in age from the latest Palaeocene to the middle Eocene, are 

exposed in Schoëningen, northern Germany2 and can provide valuable insights into the 

terrestrial greenhouse environment. To achieve this goal, we have examined an early Eocene 

(c. 55Ma) lignite/marine deposit using lipid biomarkers and palynology. One of the 

remarkable characteristics of Schoëningen seam 1 is that it apparently represents the 

deposition of a typical ombrotrophic bog. High C23/C29 n-alkane ratios, low ββ/(αβ+ββ) 

homohopane ratios, 13C-enriched (-24 to -31‰) hopanoids and abundant Sphagnum spores 

(20-42%) all indicate ombrotrophic conditions. As a result, we can use Schoëningen seam 1 to 

compare the response of ombrotrophic bogs within different climatic contexts and in response 

to different environmental perturbations such as sea level rise and flooding. 

The MBT-CBT palaeothermometer (Fig. 1.a) suggests that stable and warm mean 

annual air temperatures (MAAT) prevailed during wetland deposition (22-24°C). Although 

the MBT-CBT palaeothermometer is rarely exploited in lignites, our values are in good 

agreement with other proximal MAAT estimates1. MBT-CBT estimates also agree well with 

modelled MAAT estimates1 (c. 26°C) and provide further evidence for a warm, early Eocene 

terrestrial environment. A range of floral biomarkers and terrestrial palynomorphs provide 

evidence for a dynamic floral community at Schoëningen. For example, a significant decrease 

in the relative abundance of gymnosperm biomarkers and fern spores between 15 and 25cm 

occurs simultaneously with an increase in the relative abundance of Sphagnum, angiosperm 

and submerged and/or floating macrophyte biomarkers. This shift, in the absence of a 

documented temperature change, suggests that precipitation rather than temperature 
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controlled the structure of the floral community during wetland development and is analogous 

to what has been observed for the Holocene.  

 The termination of wetland development, by the deposition of marine silts following a 

marine transgression, allows a critical evaluation into how flooding impacts microbial 

metabolism in such settings. At this time, it appears that diffusion of seawater sulphate into 

the underlying peat deposit stimulated anaerobic oxidation of methane (AOM). Evidence for 

this includes the presence of biomarkers regularly associated with AOM at cold seeps, 

including bacterial dialkyl glycerol diethers (DGDs), archaeol (Fig. 1.b), isoprenoidal GDGTs 

bearing 1 to 3 cyclopentane moieties and 13C-depleted (-44‰) 2,6,10,15,19-

pentamethylicosane (PMI) (Fig. 1.c).  However, variations in hopane 13C values could also 

be associated with dynamic methane cycling in the peat prior to flooding (Fig. 1.c). The 

expansion of wetland environments in coastal settings has been reported for other sites during 

the early Eocene and it is plausible that they were also periodically flooded. Thus, further 

work aims to explore the dynamic interplay of methane cycling in such Eocene wetlands and 

the climatic significance of wetland expansion and flooding with regards to the global carbon 

cycle. 

REFERENCES: 
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Figure 1. Depth profile through Schoëningen seam 1. a, MBT-CBT MAAT estimates. b, 
Abundance of C33 dialkyl glycerol diether (closed circles) and archaeol (open circles), c. δ13C 
of TOC (closed circles), PMI (closed diamonds) and C31 ββ hopane (open diamonds). 
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The Mfabeni peatland, adjacent to Lake St Lucia, South Africa, is the only known 

sub-tropical coastal fen that transcends the Last Glacial Maximum (LGM). This peat 

sequence (ca. 10 m in thickness) provides a continuous sediment record spanning from the 

late Pleistocene to present (basal age ~47 000 cal yr BP; Grundling, 2001). A limited number 

of climate records exist for Southern Africa and there is a requirement for high-resolution 

climate studies to improve our understanding of paleoenvironmental variations during the last 

glacial-interglacial period, both locally and globally.  Molecular distributions and carbon 

isotope ratios of bulk TOC and inaugural leaf wax n-alkanes in a peat sequence, have been 

investigated to explore the link between local vegetational changes and regional paleoclimatic 

variations since the late Pleistocene. 

The Mfabeni SL6 core (810 cm) exhibits a high degree of TOC preservation (average 

Carbon Preference Index (CPI) = 4.6) and elevated n-alkane concentrations (average 15.6 

ng/mg TOC), rendering the site an ideal candidate for proxy exploration of local primary 

production, depositional history and diagenetic alteration of sediment organic matter (OM).  

The TOC δ13C signature shows a strong correlation with plant wax C29 and C31 n-alkane δ13C 

trends, implying that the dominant source of OM in the Mfabeni peatland is higher terrestrial 

plants. This is supported by a core Average Chain Length (ACL) of 29.  Finch and Hill (2006) 

reconstructed the late Quaternary forest history (~44 000 cal yr BP to present) in the 

Maputaland area by documenting the pollen sequence in the Mfabeni peatland. The 

compound specific δ13C signature (Figure 1) correlates favourably with the observed changes 

in the C3/C4 plant type pollen sequence.  12C-enrichment of leaf wax biomarkers coincides 

with pollen intervals exhibiting abundant C3 type plant species (~38 000 and 36 000; 12 500 

and 6500; 2800 cal yr BP to present). Furthermore, 13C-enrichment corresponds to periods of 

increased C4 type plant abundance (~32 000 and 18 500; 5 200 and 2 500 cal yr BP). These 
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comparable fluctuations in the Mfabeni peat isotopic signature and pollen assemblage can be 

linked to documented regional climate oscillations (Holmgren et al., 2003; Scott et al., 2008) 

and reinforces the strong forcing mechanism regional climate had on plant species 

manifestation in and around the Mfabeni peatland during the last glacial-interglacial period.  

 

Figure 1. SL6 core profile of TOC %, n-alkane concentrations, bulk TOC δ13C and weighed 
mean leaf wax specific δ13C isotope data. H = Holocene, YD = Younger Dryas, LGM = Last 

Glacial Maximum. 
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At present, organic carbon isotope composition, especially on the molecular level, is 

often used in geochemical studies. OM maturation can affect 13C values of individual 

hydrocarbons due to different mechanisms, for example, the presence of isotopically different 

precursor structures which can transform from kerogen into bitumen at different maturation 

stages. We are reporting the results of carbon isotopic comparison of, firstly, immature 

sample secondly, naturally matured sample with identical OM, and, thirdly, the artificial 

maturation experiment results for above mentioned immature sample. 

The Upper Devonian Pechora basin deposits contain Middle Frasnian (Domanic) 

layers which are well-known as very organic carbon rich rocks with high oil prone. To study 

the isotopic composition, several samples from different places were selected. The immature 

sample was presented by the oil shale from the Chut river outcrop; the samples with a high 

OM maturity were taken from the Shar’u river outcrop. The artificial maturation experiments 

were carried out with a bitumen free Chut river sample using an autoclave with the volume 78 

ml (25 g of crushed by 20 mm chips rock, 20 ml of distilled water, 250, 275, 300 and 325 oC 

and 24 h). It was shown (Bushnev et al., 2012) that artificial maturation does not lead to 

significant changes in carbon isotope composition of the residual kerogen, but the changes of 

isotopic composition of the bitumen and its fractions are significant. 

Table 1. Bulk, Rock-Eval and isotopic characteristic of the samples under study 

 Chut river outcrop Shar’u river outcrop 
 Initial sample 300 oC autoclave Sh-38-39 Sh-40-41 
Corg, % 19.5 13.8 32.8 12.02 
Tmax, 

oC 413 421 420 429 
13Ckerogen, ‰ -28.5 -28.6 -28.0 -27.7 
13Cbitumen, ‰ -27.7 -28.6 -27.8 -28.2 

 

The Tmax (Rock-Eval) values of oil shales from Shar’u river are close to Tmax of the 

Chut river oil shale after aqueous pyrolysis in an autoclave at 300 and 325 oC. The samples 

from these two outcrops are identical by their stratigraphy (D3fr2) and they are also 

characterized by virtually identical biomarker distribution (excluding maturity dependent 

parameters). The above mentioned data allow us to compare the carbon isotopic composition 
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of naturally matured OM from the Shar’u outcrop with artificially matured OM of the Chut 

river outcrop oil shale. 

13C of Chut river oil shale kerogen is lower compared to kerogen of Shar’u river oil 

shale; 13C is about 0.5-0.8. Initial bitumen of Chut river oil shale contains more 13C isotope 

compared to related kerogen. After autoclave treatment of debituminized shale 13C values of 

kerogen and bitumen formed become equal. The Shar’u river sample Sh-38-39 with Tmax 

similar to Tmax of autoclave treated Chut river oil shale has similar 13C values for kerogen 

and bitumen. In Sh-40-41 sample with Tmax = 429 oC, bitumen has a lighter carbon compared 

to kerogen. So, the natural sample data are in compliance with our experimental data. 

The isotopic n-alkane profiles of initial and autoclave formed bitumens of Chut river 

oil shale are very similar (fig.). And both isotopic n-alkane profiles of Chut river are similar to 

Shar’u oil shale bitumen especially in C20+ area, the carbon isotopic composition of lower 

molecular weight can be affected by evaporation or another physical factors. It can be 

supposed (i) that the isotopic composition of n-alkyl structures of Domanic kerogen from the 

wide area of sedimentation showed similar palaeoecological conditions and (ii) the autoclave 

maturation experiments in the presence of water correctly imitate maturation of n-alkane 

precursors in case of Domanic kerogen. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The studied samples isotopic n-alkanes profiles. 
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For many years, many researches focused on the hydrocarbon generating and 

accumulating, however, fewer researches were contributed to the characteristics of bio-

organisms and its evolution process into sedimentary organic matter, and the forming 

mechanism of regenerative hydrocarbon sources with the evolution process, state and space of 

organic matter in geological history. In recent years, by means of ultramicroscopic, simulation 

and geochemical means, the processes of source formation, hydrocarbon generation and 

reservoir formation were systematically studied and some new progresses are acquired. 

Using micro-submicroscopic technique on hydrocarbon-forming biology and micro-zone 

techniques to research organic petrology of marine argillaceous rocks, it indicates that the 

main hydrocarbon-generating organisms are plankton, benthos, fungus and bacteria, and 

abundant nano-organic particles. Various hydrocarbon-generating organisms appear in the 

source rocks of different ages and sedimentary environment and have different hydrocarbon-

generating productivity. In the summit of generating hydrocarbon, the hydrocarbon 

productivity of plankton is more two twice than that of benthos. The experiments of microbe 

decomposing on blue-green algae were carried out, including hydrolysis, aerobic and 

anaerobic process, and low maturity organic matter was obtained in the simulated geologic 

condition, and the full thermal simulation sequences of hydrocarbon generation were 

improved. Simulation experiments demonstrate the algae polymerization process from bio-

organism to sedimentary organic matter with microbial action and their geochemistry 

evolution and the algae residuals after microbial degradation enrich the light carbon isotope, 

have high the H/C ratios and increasing the content of soluble organic matter. At the same 

time, desulfuration and denitrification processes were happened in the microbial degradation. 

The microbial residues are also involved in the formation of kerogen and jointly form the 

good hydrocarbon sources with sedimentary organic matter. Besides kerogen is the traditional 

hydrocarbon source, soluble organic matter retention in source rock, reservoir rock and 

migration pathway, such as the crude oil, solid bitumen, can extend the gas-generation 

process to a higher thermal stage as well as reformed bitumen, these organic matter is 

significant regenerative hydrocarbon sources in high-over maturity stages. During the 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 358 -



diagenesis, organic acid salt forming with the organic-inorganic interaction is probably an 

important chemical hydrocarbon source. So we put forward dynamic transformation 

mechanism of generating hydrocarbon of various hydrocarbon sources in marine strata. 

The carbon isotope composition of hydrocarbon gas is mainly controlled by the isotopic 

characteristics of source and isotopic fractionation caused by bioorganic, chemical and 

physical action. The δ13C1 values of pyrolysates from hydrocarbon sources are always lower 

than those of their precursors and the δ13C values of ethane and propane in the pyrolysates 

eventually approach that of their sources at the hydrocarbon generation peak. At high-over 

maturity, the δ13C values of ethane and propane are often greater than those of their sources 

but close to those of coal gases, and thus become ineffective as gas genetic indicators. 

LnC2/C3 can clearly distinguish kerogen degradation gas from oil cracking gas and the rule 

between LnC1/C2 and δ
13C1 － δ13C2 can be an effective indicator for distinguishing oil 

cracking gas from dispersed soluble organic matter cracking gas.  

Petroleum generation, migration, filling and preservation are characterized using the 

geochemical variations of biomarker, lighter hydrocarbon, fluid inclusion composition, 

isotope and composition of noble gases. By means of the single and colonial fluid inclusion 

and stable isotope and noble gas analyzing technique, oil charging time and history and 

reservoir formation process were reconstructed.  

On the basis of radioactive isotopic age accumulation effect and inheritance effect of 

noble gas from deep mantle, the characteristics of helium and argon isotope can trace the 

interchange degree and process between crust and mantle material in natural gas. According 

to stable isotope fractionation effect, accumulation effect of radioactive isotope and heritage 

effect of chemical composition and bio-structure of organic matter, the geological evolution 

and the geochemistry variation can be traced for the process from primary bio-organism into 

source formation, hydrocarbon formation and reservoir formation. Based on stable isotope 

composition, and competent, biomarker, light hydrocarbon, non-hydrocarbon gas, noble gas, 

and trace elements being important means, comprehensive geochemical tracing systems for 

restoring the hydrocarbon source developing, hydrocarbon generating, and reservoir forming 

processes for different type sources were established. 
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It is widely accepted that lacustrine hydrocarbon source rocks commonly developed 

during flooding period. However, the hydrocarbon generation potential of Triassic mudstones 

of the Junggar Basin, northwest China remain enigmatic, which has been suggested to be 

formed under a lacustrine flooding episode. 

Here, based on a case study in the central basin that was a key target of the Triassic 

exploration in the Junggar Basin, we comprehensively analyzed the organic geochemistry of 

the Triassic dark mudstones. According to the analytical results, the abundance, types and 

maturity of organic matter were indicated, which, along with geological background, enabled 

us to evaluate hydrocarbon generation potential.  

The Triassic mudstones in the study area have a relatively high abundance of organic 

matter with total organic carbon content of approximately 1.0%. The organic matter type is 

mostly kerogen type III, with the bio-precursors mainly originating from terrestrial higher 

plants. The organic matter entered the maturation stage in the uplift areas, and reached the 

high to over maturation in the depression areas. These source rock characteristics showed few 

differences between different members. Given the wide distribution of the mudstone, it may 

have good hydrocarbon (gas in particular) generation potential and, thus, they deserve a 

detailed and sophisticated assessment for the future exploration and research. During the 

source rock formation, plenty of terrestrial higher plants entered into the basin, augmenting 

the high abundance of organic matter with type III kerogen in dominance. 

For further addressing the oil generation potential of the rocks, we collected oil-prone 

hydrocarbon source rocks, systematically investigated their biomarker compositions and 

conducted oil-source correlations. The results revealed that the Triassic oil-prone hydrocarbon 

source rocks had an average main β-carotene/n-alkane peak ratio of 0.31, a Pr/Ph ratio of 

approximately 1.5, an average C24 tetracyclic terpane/C26 tricyclic terpane ratio of 0.68 and an 

average gammacerane/C30 hopane ratio of 0.12. In addition, among the C27, C28 and C29 

regular steranes, the rocks were composed dominantly of the C29 (40–50%) and consisted of 

more C27 than C28 components. Overall, these features distinguish the rocks from the 
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generally accepted Permian and Jurassic oil-source beds in the study area. Based on the 

geochemical biomarker compositions, the Triassic-reservoired crude oils and bitumen extracts 

can be divided into two types. The first type had β-carotene/n-alkane main peak ratios of less 

than 0.2, a distribution of C20<C21>C23 tricyclic terpanes, a C24 tetracyclic terpane/C26 

tricyclic terpane ratio greater than 0.3, and a gammacerane/C30 hopane ratio of less than 0.15. 

The second type displayed the opposite features: the ratios of β-carotene/n-alkane main peak 

were greater than 0.4; a pattern of the C20<C21<C23 tricyclic terpanes was observed; the ratio 

of C24 tetracyclic terpane/C26 tricyclic terpane was always less than 0.2; and the average ratio 

of gammacerane/C30 hopane reached 0.28. Nevertheless, the crude oils of both types were 

composed dominantly of C29 regular steranes, in the range of 40–60%. In addition, the C27 

and C28 regular steranes exhibited no apparent changes in abundance, as their relative contents 

both generally remained within the range of 15–30%. Oil-source correlation revealed that 

both types of oils/extracts originate mainly from Permian hydrocarbon source rocks, while the 

first type of oil may be infiltrated by Triassic-sourced oils to certain degrees. Hence, the 

Triassic hydrocarbon source rocks may have some oil-generating potential and contributions 

and, thus, they deserve a more detailed examination in subsequent explorations 

and investigations.  
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Although the isomeric distributions of various alkylnaphthalenes were widely used as 

an indicator of the thermal maturity of sedimentary organic matter in last three decades 

because the -substituted isomers of alkylnaphthalenes are more sterically hindered and less 

thermodynamically stable than the -substituted isomers, the origins of these structurally 

simple alkylnaphthalenes in sediments are still poorly understood to date, limiting its better 

applications into the field of petroleum geochemistry. Compound-specific isotope analysis 

(CSIA) developed in 1990s has been a powerful tool to probe the origins and pathways for the 

formation of biomarkers in sediments, suggesting that a greater understanding of the source of 

alkylnaphthalenes may be accessible using CSIA. In this study, a simple method called 

“two-step column chromatography” (Jiang et al., 2013) was used to separate the 

alkylnaphthalenes from aromatic fractions, allowing the accurate determinations of their 13C 

values. Four Tertiary lacustrine source rocks with vitrinite reflectance of 0.8%Ro from the 

Bohai Bay basin and one immature lacustrine source rock (0.35%Ro) from the Songliao basin 

were selected to test whether the influence of source organic matter and maturity on the stable 

carbon isotopic distributions of alkylnaphthalenes can be explored. 

Due to the marginal to moderate maturity of source rocks from the Bohai Bay basin, 

maturation should not be a main factor here affecting the isotopic differences among 

alkylnaphthalenes. As showed in Fig.1a, most of alkylnaphthalenes have similar 13C values 

same as that of total organic matter and significant discrepancies from that of n-alkanes, 

isoprenoids, and terpenoids, possibly an indicative of geosynthetic process for those 

compounds as the 13C values of alkylnaphthalenes can be homogenized during bio-chemical 

and early diagenetic stage. Interestingly, carbon isotopic compositions of ethylnaphthalene, 

1,2-dimethylnaphthalene, and 1,2,5-trimethylnaphthalene show large 13C or 12C enrichments 
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compared to other homologues, suggesting that there are distinct source pools rather than 

geosynthetic process. The results suggest that the occurrence of alkylnaphthalenes in 

sedimentary organic matter may be mainly controlled by the geosynthetic process at the 

bio-chemical and early diagenetic stage, in some cases, with contributions from the diagenetic 

aromatization of natural product precursors for some specific alkylnaphthalenes. 

 
Figure 1. The 13C values of alkylnaphthalenes in source rocks from the Bohai Bay basin (a) 

and expelled oils from the semi-closed pyrolysis simulated system (b). 

On the other hand, methyl carbon transformation theoretically doesn’t make a 

significance influence on the 13C value of alkynaphthalene in terms of 10 ring carbon on 

naphthalene structure because the carbon isotopic measurement is an average value for all 

carbon in one compound. Therefore, 13C values of alkylnaphthalenes could be potential 

applications into oil/oil, oil/source correlations as that of n-alkanes. Using one semi-closed 

pyrolysis system under five temperature points (350C, 400C, 450C, 500C, 550C) and 

one constant pressure (80MPa), the immature source rock from the Songliao basin was 

thermally simulated to investigate the dynamics of 13C values of alkylnaphthalenes during 

thermal maturation by comparing the expelled oil from different temperature points. As 

showed in Fig.1b, within the analytical error, there is no significant change on the 13C values 

of alkylnaphthalene accompanying temperature program, suggesting that the alkylnaphthalene 

isotopic curves might be an effective tool for oil/oil and oil/source correlations neglecting the 

secondary alterations during and after petroleum accumulation. 

REFERENCE: 
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Сarbonate deposits enriched in organic matter (OM) accumulated in the Lower 

Cambrian in the southeast of the Siberian platform (e.g., Kontorovich, 1976; Zelenov, 1957). 

The OM from the Sinskaya (Sinyaya) Formation has been recently studied by gas 

chromatography - mass spectrometry (Parfenova et al., 2010; Parfenova, 2011). The goal of 

this investigation is to assess hydrocarbon (HC) generative potential, thermal maturation, OM 

composition, as well as conditions of their formation in carbonates along the slope of the 

Aldan anteclise, southeast of the Siberian Platform.  

The organic carbon content varies considerably (TOC = 0.1 to 7.0 %) in carbonate 

rocks of the Sinskaya Formation. Rock-Eval pyrolysis parameters also vary dramatically: S1 = 

0.01 – 0.06, S2 = 0.03 – 4.28, and production index (PI) = 0.01 – 0.03. Hydrogen index (HI) 

also varies significantly from 202 to 704 mg HC/g TOC, although the Tmax values cluster 

tightly from 433 to 440°C. The isotopic composition of organic carbon (δ13C) of rocks varies 

from -29.3 to -36.4‰.  

Common molecular properties of OM from the Lower Cambrian rocks in the southeast 

of Siberian platform include: 1) maximum in n-alkane abundances in the range C16–C19; 2) 

ratios of pristine to phytane and even to odd n-alkanes are close to 1; 3) absence of 12- and 

13-monomethylalkanes; 4) presence of normal and iso-alkane, sterane and terpane HCs; 5) 

high ethylcholestane concentrations relative to other cholestanes; 6) steranes/terpanes ratio = 

0.1 – 0.2; 7) tricyclanes/hopanes ratio < 0.1; 8) lanostanes and 28,30-bisnorhopane are 

detected (see also Parfenova et al., 2010; Parfenova, 2011); 9) С29/С30 hopane ratio < 1; 10) 

abundant tricyclic terpanes maximizing at C21; 11) gammacerane contents averaging around 

1% of total terpanes in the m/z 191 trace; 12) С35/С34 homohopane ratio > 1; 13) 

20S/(20S+20R) averages 0.5; 14) Ts/Tm = 0.1 – 0.4, rarely increasing to 0.5 – 0.6; and 15) 

homohopanes were found to be present in all samples analysed.  

These molecular signatures indicate that the organic matter in the examined lithologies 

were mainly algal and bacterial in origin, deposited in marine environment of normal salinity. 

High С35/С34 homohopane ratios, however, suggest that the redox conditions remained 

constant throughout the deposition of black shales in the marine basin of the Lower 
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Cambrian. The level of OM thermal maturation is within the initial stage of the oil generation 

window. Oil-generating potential of these rocks is high and appear to be considerably 

different from the Cambrian Kuonamka complex and Riphean, Vendian, and Paleozoic source 

rocks and oils of the sedimentary basins in the North-Asian craton (e.g., Kontorovich et al., 

2005).  

 
This study was supported by the Leading Scientific Schools Grant of the President of 

the Russian Federation (grant no. NSh-4498.2012.5), as well as by the Multidisciplinary 
Integrative Project no. 78 of the Siberian Branch of the Russian Academy of Sciences. 
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The Paleozoic petroleum system in the State of Kuwait belongs to the greater 

Paleozoic system of the Arabian-Iranian Basin, which is one of the most prolific petroleum-

producing systems in the world. The current knowledge of the Paleozoic Petroleum Geology 

in Kuwait is still inadequate despite the many studies that have been undertaken throughout 

the region over many years. Recent studies on the gas from Early Mesozoic reservoir indicate 

that it is thermogeneic gas, which might be produced from deeper Paleozoic formations. 

This is a preliminary evaluation study on Paleozoic source rocks in Kuwait. Core rock 

samples were collected from four wells located in the south and north of Kuwait (Burgan 

Field and Northwest Raudhatain Field). Wire logs were provided for these wells as well as 

five other wells distributed around Kuwaiti oil field. The deepest penetrated wells have 

reached the Permian Khuff and Carboniferous Unayzah Formations. Thus the core and logs 

will provide the results on these two formations. 

Log and core studies show that the Khuff Formation is dominated by dolostone rocks. 

However, its lower most part is dominated by shale. The lower Unayzah Formation is mostly 

clastic rocks with many dark bituminous shale intervals. These shales are laminated 

stromatolitic (Fig. 1) with many pyrite grains. There are many diagenetic processes such as 

dolomitization and fracturing. The bitumen is filling many of these fractures as well as the 

laminations structures which indicate possible vertical and/or horizontal migration. 

Pyrolysis results on the core sample show rich TOC intervals. The Khuff Formation 

has TOC ranges between 0.5-5.5% wt. It is higher in the northern field than the southern field. 

The Unayzah Formation as well has higher TOC values in the north (0.3-8.0% wt.) than in the 

southern field (0.1-5.12 %wt). The HI, OI is very low in both formations and in all the 

samples. This might be related to the high Tmax values. Tmax in all the studied samples show 

two values, 300oC and 580 oC. Extracted rocks show average Tmax values around 600oC. 

Thus, the low Tmax value is related to the effect of bitumen accumulation in these samples. 
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The high Tmax value might be related to a high thermal fault system, which has been shown 

in some samples by striation on a fault plane.  

Preliminary investigation on the kerogen petrographically shows that the Khuff 

Formation has amorphous marine degraded organic matter, while that in Unayzah has 

relatively rich mixed marine and terrestrial organic matter. 

Thus, preliminary results on the rock investigation and bitumen accumulation indicate 

possible source rock. TOC richness and maturity level show potential source rocks. Further 

studies will be carried on evaluation of possible source rocks. 

 

 
 

Figure 1. Laminated stromatolite shale from Unayzah formation- Burgan Field 
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The largest oil shale deposit in Serbia is “Aleksinac” - Lower Miocene lamosite in late 

diagenetic stage (0.41 %Rr), with estimated resources of 2 billion tons, average kerogen 

content of approximately 20% and oil yield of 10-12 % (Ercegovac, 1990). Last examinations 

of the oil shale were performed during the 1980s, but the molecular composition of the 

organic matter (OM) has not been investigated so far. Therefore, in this study, surface 

samples of oil shale and bituminous marlstones from the “Dubrava” field of the “Aleksinac” 

deposit were collected and investigated using conventional pyrolysis and detailed biomarker 

analysis. The objective of the study was to estimate the type and generative potential of the 

OM and to reconstruct the palaeoenvironmental conditions during the formation of the 

“Aleksinac” oil shale. ICP-MS analysis of 56 trace elements was also performed in order to 

estimate the environmental impact of possible future exploitation.  

The total organic carbon (TOC) content attains 5 % in bituminous marlstones, and 

reaches more than 10 % in oil shale. The routine Rock-Eval data (S1, S2, Hydrogen Index, 

Production Index, Maximal Temperature) and bitumen and hydrocarbons content show oil-

prone kerogen type I/II and II at low maturity level. The generative potential of the OM 

matter of a few oil shale samples was additionally checked by the pyrolysis of a bitumen-free 

sample in an autoclave under nitrogen for 4 hours at 400 ºC. The yield of bitumen (~ 40000 

ppm) and liquid hydrocarbons (> 2000 ppm) confirmed a very good generative potential.  

The main constituents of sediment extracts are regular C27-C29 (R) steranes, n-

alkanes, phytane, C30 hopanes and β-carotane. In all samples, β-carotane is present in a 

relatively high amount, and in some, it is the most abundant compound in the total 

distribution of hydrocarbons. This result, followed by pristane to phytane ratio in range 0.14 

to 0.45 indicates deposition of OM in anoxic lacustrine, or highly restricted marine 

environments. Absence of C30 4-desmethylsteranes, very low sulphur content < 0,20 % (with 
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the exception of one sample) and C26 to C25 tricyclic terpane ratio > 1 imply that investigated 

sediments were deposited in anoxic lacustrine environment.  

The n-alkane distributions in the majority of the samples are unimodal with a 

maximum ranging from C21 to C23 consistent with kerogen type. Distribution of regular C27-

C29 (R) steranes in the majority of the samples is characterized by predominance of C29 

homologues (40-45 %), indicating contribution of brown and green non-marine algae, while 

C28 steranes account for 30-35 %, in concordance with lacustrine OM. Typical feature of 

investigated samples is presence of C21 to C26 steranes with linear, 20-n-alkyl, side-chain. 

These compounds originate from gorgonians and sponges, or could be formed by microbial 

mediated degradation of higher homologues. Hopane distribution consists of β, β and ββ- 

hopanes in range C27, C29-C32 and characterized by sharp domination of C30 β and C30 β 

homologues. Tricyclic terpanes (C20-C26) and tetracyclic terpanes (C24-C26) were identified, 

but in notably lower concentrations than pentacyclic hopanes. Relatively high gammacerane 

index, 10xG/(G+C30hopane) ranging from 0.65 to 2.35 is consistent with deposition of OM 

under a stratified anoxic water column. Sterane to hopane ratio is higher than 1 in the majority 

of the samples indicating greater contribution of eukaryotic organisms (mostly algae) than 

prokaryotes to the sedimentary OM. Variations in content of β-carotane, sterane to hopane 

ratio, tricyclic and tetracyclic terpanes to hopanes ratios as well as gammacerane index, 

suggest certain differences in contribution of precursor organisms, which are probably caused 

by the slight change of conditions in the sedimentary palaeoenvironment (Eh, pH and 

salinity).  

Among the numerous diagenetic aromatic products of β-carotene only β-isorenieratane 

(this compound could originate from green sulphur bacteria Chlorobiaceae as well) and C40 

monoaromatic carotenoid with aromatic ring in the isoprenoid chain (structure VII, 

Koopmans et al., 1997) were identified, confirming that the reduction of the double bonds of 

β -carotene is the most important diagenetic process, particularly in such anoxic environment.  

The above ICP-MS analysis of the “Aleksinac” oil shale, which included all 

potentially hazardous trace elements, shows below-average content compared to worldwide 

known oil shale.  
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The distribution and compositions of stable carbon isotopic of aromatic compounds in 

sediments of Upper Cretaceous hydrocarbon source rocks from the Songliao basin, China 

have been investigated. This paper reports δ13C values of individual aromatic hydrocarbon, 

like alkylnaphalene, alkylphenanthrenes, retene, perylene, pyrene and chrysene. The main 

aims are to confirm the origin of these aromatic compounds based on compound specific 

isotope analysis (CSIA) of individual PAHs and to reestablish the regional climatic conditions 

during its sedimentary period. 

The relative abundance of retene and 1,2,5-TMN and theirδ13C composition display 

the same trend with ranging from -28.6‰ to -24.64‰ except one sample, which suggest these 

two compounds having a similar plant source than cadalene which is less negative inδ13C 

during this interval. The carbon isotope composition of Perylene is most depleted in 13C than 

higher-plant derived PAHs, ranging from -30.13‰ to -28.66‰, which are interpreted to have 

a different OM input like algae origin or microbes. In addition, the absence of perylene and 

the lack of detectable algal fossils in the K2n
2 interval may be supportive of an algal origin for 

perylene. Furthermore, the high abundances of aromatic plant markers (cadalene, retene and 

simonellite etc.) and low amounts of combustion markers（fluoranthene, Pyrene, 

bezofluranthenes and benzopyrene）reflect a humid climate during Upper cretaceous period 

from Kq2+3 to K2n
2 Formation but having an extreme climate with high and irregular rainfall 

in K2n
2 Formation. 
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Palaeozoic basin of the Moesian Platform is situated along the lower Danube River 

bordered by the East Carpathians to the North, the Balkan Mountains to the South, the North-

Dobrogean Orogenic belt to the North East, and the Black Sea to the East. The oil and gas 

bearing formations occur in Palaeozoic, Triassic, Jurassic, Cretaceous, Sarmatian, Meotian, 

Pontian and Dacian. In this study, the depositional environment and biological source of 

organic matter is characterized by the analysis of the potential source rocks, from the 

following formations: Tandarei black shale (Silurian/Lower Devonian), Calarasi bituminous 

limestone (Middle Devonian/Lower Carboniferous) and Vlasin shale (Upper Carboniferous). 

Core samples are collected from 16 exploration boreholes. Total Organic Carbon (TOC), 

Rock-Eval pyrolysis, microscopy in reflected and fluorescent light, biomarkers and isotopic 

analysis of saturated and aromatic fractions were performed. 

Silurian rocks do not contain vitrinite, only a “vitrinite-like” maceral was occasionally 

observed. Spicules, sponge needles (Spondiga), chitinozoans and fragments of graptolites 

were observed. Comparing the thermal maturity of Silurian with other rocks, the reflectance 

of homogenous macerals is either too high (spicules and inertinite) or suppressed due to 

impregnation of the organic matter by bitumen from dolomitic shale (Silurian-Devonian). 

Weak matrix fluorescence and almost absence of fluorescent macerals, suggest maturity 

equivalent to late oil window or condensate window as defined e.g. by Hunt (1996).  

Devonian shales contain vitrinite-like macerals, comparable with the Carboniferous. 

Frequent vitrinite with suppressed reflectance described elsewhere by Carr (2000) is observed 

and distinguished from the “true” vitrinite. Due to presence of liptinite next to vitrinite, and 

due to rather aquatic than terrestrial nature of plants, the reflectance values are lower than 

typical Carboniferous vitrinite values. Thermal maturity of the Devonian is estimated both 

from the reflectance (Ro) and fluorescence colour which suggest the late oil and gas-

condensate windows of hydrocarbon generation. 
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Carboniferous shale and limestone with coal contain: 1) vitrinite with visible plant 

tissue textures (textinite), homogenous vitrinite (collinite), 2) inertinite – fusinite with well-

defined cells of supporting plant tissues (char coal from fires), massive macrinite, semifusinite 

of lower and intermediate reflectance, and liptinite – residual dark grey bitumen visible in 

reflected light, often with brownish halo, sporinite (dark bodies in reflected light and bright 

yellow in fluorescence light), alginite (thin wall planktonic algae visible in fluorescent light). 

The maturity is equivalent to early-peak oil window. 

 

 

Figure 1. Vitrinite and “vitrinite-like” macerals reflectance in the Silurian through 
Upper Carboniferous rocks suggests general maturation trend with depth for the Moesian 

Platform (dashed line), suppressed reflectance due to presence of bitumen and more uplifted 
sections. 
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Lower Jurassic (Toarcian) Posidonia Shale is an important petroleum source rock in 

Western Europe and has been intensely studied in the past decades(e.g. Littke et al., 1991, Röhl 

and Schmid-Röhl, 2005). Recently, the gas in place of the Posidonia Shale in Germany was 

estimated to amount to 3.8·1012 m³ (BGR, 2012). Depositional environment, organic matter 

content and thermal maturity are important criteria for shale gas assessment and recent activities 

focus on the evaluation of these general source rock properties, using modern analytical methods.  

Posidonia Shale samples from the eastern part of the Paris Basin in Luxembourg (81 

samples) and the Swabian Alb in southern Germany (183 samples from 7 boreholes) were 

characterized using organic geochemical methods, bulk-pyrolysis (Rock-Eval) and organic 

petrology to evaluate thermal maturity and variability of organo-facies.  

The shales from Luxembourg are rich in total organic carbon (average of 7%) but exhibit 

low thermal maturity. Vitrinite reflectance indicates an early stage of oil generation, which is 

supported by biomarker-based maturity parameters and Rock-Eval Tmax. Rock-Eval data and 

optical microscopy observations reveal hydrogen-rich type I to II kerogen derived from abundant 

alginite. Small algal bodies derived from nanoplankton predominate, but large telalginite 

(Tasmanales) also occurs. Fish bones and pyrite are also abundant, characterizing a marine 

depositional environment where strong sulphate reduction occurred. Short-chain n-alkanes 

predominate over long-chain n-alkanes, supporting a low input of terrigenous organic matter. 

Steranes are more abundant than hopanes and their distribution indicates an origin from a marine 

depositional environment which corresponds to the general marlstone lithology. Additionally, 

C30-24-propyl-14 α (H), 17 α (H)-cholestane (20R) was detected, supporting the marine origin. 

Examples of typical ion chromatograms are shown in Figure. 1. 
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Figure 1. Sterane (top) and hopane (bottom) distribution for the Posidonia Shale from 
Luxembourg. 

Irrespective of commonalities among the shales such as high amounts of organic matter 

and predominance of alginite, diversities in elemental and mineral composition and paleo-

environmental conditions (e.g. salinity) are key factors for evaluating differences in source rock 

properties. 
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For the first time a series of 25-norhopanes (also called 10-desmethylhopanes) was 

identified in the organic matter of Jurassic-Lower Cretaceous mudstones of the Yenisei-

Khatanga trough, located in the northeast of the West Siberian basin. Eighty-eight core 

samples from wells Nanadyanskaya-310, Payutskaya-1, Pelyatkinskaya-15, Turkovskaya-2 

and Ushakovskaya-1 were studied. Analysis of the saturated fraction of chloroform extracts 

was performed by gas chromatography-mass spectrometry. In addition, vitrinite reflectance 

R0
vt has been measured in the fifty-six rock samples by the coal-petrographic method. 

25-Norhopanes usually occur in oils and their presence is related to a biodegradation 

(Peters et al., 2005). Origin of these biomarkers is still controversial (Blanc and Connan, 1992; 

Bennett et al., 2007). Several articles report the 25-norhopanes in some extracts of source 

rock with different depositional environments of these rocks (Blanc and Connan, 1992; Bao, 

1997; Cao et al., 2008). 

The 25-norhopane series, including C27-C30 compounds, is clearly seen in m/z 177 

chromatograms (Fig. 1). The mass spectrums of these hydrocarbons are identical to the 

published mass spectrums of the corresponding 25-norhopanes. The distributions 25-

norhopanes in the studied mudstones are characterized by a predominance of the C29 25-

norhopane with a low content of other members of the series. The value of 25,30-norhopane 

С29/ С30 hopane ratio reaches 0.44. 

Available data suggest that the studied extracts from mudstones are indigenous. It was 

found abundance of the normal alkanes. In our cases, 25-norhopanes are associated with 

organic matter of terrigenous type (input of lipids of higher land plants), formed under the 

suboxidative conditions in diagenesis. The measured R0
vt values vary from 0.6 % to 1.4 %. 

The co-existence of the 28,30-bisnorhopane С28 (BNH) and the 25-norhopane series С30 was 

found. The exceptions are the samples from Lower Cretaceous deposits in well 

Nanadyanskaya-310 at the depths of above 2608 m. In this samples 28,30-bisnorhopanes С28 

are at high concentrations (BNH/С30=0.20-0.47) and the 25-norhopane C29 is found in trace 

amounts. It is noted that an increase in 25-norhopane was observed with increasing thermal 

maturity. 
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Figure 1. Mass chromatograms at m/z 191, 177 indicate that 25-norhopanes occur in the 

source rocks 
 

Thus, one more fact of the occurrence 25-norhopanes in source rock has been recorded. 

In the future, an attempt will be made to identify a 25-norhopanes in non-biodegraded oils of 

the studied region for the purpose of oil-source rock correlations. 

This study was supported by grant of the President of Russian Foundation for the 

young scientists (MK-4893.2012.5) and for Leading Scientific Schools (NSh-4498.2012.5). 
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The northern part of the West Siberian sedimentary basin is the largest region in the 

world's gas production. Numerous oil fields are also discovered there, including major oil 

accumulations found in the Vankorskoye, Russkoye, Novoportovskoye and other fields, as 

well as oil rims of condensate pools and, less commonly, dry gas pools. Most of these 

hydrocarbon fluids are thought to be generated mainly by aquatic, plankton-derived, and 

bacterial organic matter of the Bazhenov Formation and its analogues (Yanovstan, Golchikha 

Formations). However, in a number of the fields in the north of Western Siberia, oil shows 

have already been identified and oil-gas-condensate and gas-condensate pools have been 

found in Lower-Middle Jurassic deposits. The Lower-Middle Jurassic deposits of the northern 

regions of the West Siberian basin are still poorly explored because of the structurally 

complex geology, heterogeneous facies composition of sediments, and great depths of their 

occurrence. The oil-generating potential of sedimentary sequences could be evaluated by the 

methods of organic geochemistry, which provide information on the conditions of 

sedimentation, the origin of the organic matter of sediments, and the level of its maturity. In 

this paper we carried out a comprehensive geochemical study of representative core collection 

from wells in northern West Siberia: the organic carbon content in the rocks, vitrinite 

reflectance, "Rock-Eval" pyrolysis, gas-liquid chromatography and gas chromatography-mass 

spectrometry of the saturated fraction from rocks extracts have been determined. 

It has been shown that the studied Lower-Middle Jurassic mudstones contain high 

concentrations of organic carbon, with the mean values for stratigraphic horizons being 1.4-

3.4 wt. % (Fig. 1). The mudstones of the Tyumen Formation (J2) and its stratigraphic 

equivalents (Vymskoye, Leont’evskiy, Malyshevka Formations) are ultimately enriched in 

organic carbon (up to 2.5-3.4 wt. %). 

Pyrolysis data, carbon isotope compositions of kerogens, the composition and 

distribution of biomarkers (normal alkanes, steranes, terpanes) have showed that most of the 

samples are of terrigenous nature of organic matter associated with the lipids of higher land 

plants. Among the samples from the Kiterbyut (J1), Vymskoe, Leont’evskiy and Malyshevka 

(J2) horizons, extracts with predominantly aquatic type of organic matter are present.  
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Figure 1. Histogram showing the TOC values in the mudstones of Lower-Middle Jurassic 
deposits (the number of samples is indicated in brackets) 

 
Vitrinite reflectance studies allowed us to construct the working maps of organic 

matter catagenesis for the top of Middle Jurassic deposits and the Lower-Middle Jurassic 

basal horizons. In the north of the West Siberian basin, in its most submerged part (below 4 

km), Jurassic sediments have already passed out of the oil window and are in the zone of deep 

gas formation (R0
vt = 1.55-2.50 %), and in the lower part of the section completely exhausted 

their generative potential (R0
vt > 2.50 %). The high degree of maturity of the Lower Jurassic 

and lower Middle Jurassic deposits was confirmed by pyrolysis data and biomarker 

parameters. 

 Thus, in the north of Western Siberia, based on geochemical data set, it has been 

established that Lower-Middle Jurassic deposits contain organic matter of mainly lacustrine-

alluvial origin and could produce non-marine oil and gas. Lower Jurassic sediments of the 

Kiterbyut horizon and Middle Jurassic deposits of the Tyumen formation and its stratigraphic 

equivalents contain sequences with predominantly aquatic organic matter, which in most of 

the study area occur in the oil window. 

This study was supported by grant of the President of Russian Foundation for the 

young scientists (MK-4893.2012.5) and for Leading Scientific Schools (NSh-4498.2012.5). 
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The change of composition of organic matter in the section on the example of the 

Jurassic sediments from southeastern West Siberia was studied. In this paper we studied the 

molecular composition of organic components from 14 samples of sandstone, siltstone, 

mudstone and carbonaceous mudstone of upper, middle and lower Jurassic of two wells 

(Semirechnaya-1, Kolpashevsky-1-10) in Tomsk region. 

GC-MS method was used to study molecular composition of normal and isoprenoid 

alkanes, phenanthrenes, steranes, hopanes, alicyclic and aromatic compounds. For assessing 

the degree of thermal transformation of dispersed organic matter in the rocks, the distribution 

and composition of phenanthrene (P) and methylphenanthrenes (MP) with different positions 

of the methyl substituents were investigated, methylphenanthrene index by formula MPI = 

1,5*(2MP+3MP) / (P+1MP+9MP) and vitrinite reflectance by formula Rc = 0,6*MPI+0,4 [1] 

were calculated. These results characterize the organic matter of Semirechnoy area as enough 

(or slightly) thermally mature (Rc=0.49-0.55), and the one of Kolpashevsky as more 

thermally transformed (Rc=0.53-0.65). 

In the composition of hydrocarbons (HC) of most rocks saturated structure 

predominated, among which structural groups of alkanes, alkylcyclohexanes, steranes, 

hopanes, bicyclic sesqueterpanes (drimanes and kadinanes) were identified. Total content 

aromatic hydrocarbons represented mono-, bi-, tri-, tetra- and pentacyclic structures, in a 

mixture of identified hydrocarbons rather considerably and in the rocks of the Upper Jurassic 

they dominated alkanes. Tricyclic terpanes were not detected in the upper and middle Jurassic 

sediments of Kolpashevsky area. In the other investigated samples, they presented 

predominantly C23 and C24 homologues with predominance of C23. Contents of tetracyclic 

terpanes (in most represented only homologue C24), and in the Middle Jurassic of 

Kolpashevsky area homologues C24 and C25 were lower than tricyclics.  

Presence of retenes and cadalenes indicates the contribution of organic matter of 

terrestrial plants to the formation. In the majority, hopanes are dominated by hopane C30. A 

close C30 and C29 content of hopanes with low predominance of last characterizes the deposit 

of Middle Jurassic of Kolpashevsky area. Distinctive feature of the composition hopanes in 

the organic matter of Semirechnoy area is the presence of C29 and C31 isomers of biological 
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-configuration, as well as a high concentration of 18isomer C27. The calculated vitrinite 

reflectance indicates a very low thermal transformation of organic matter of rocks of the 

upper and middle Jurassic of this area. The content of steranes in a mixture of hydrocarbons is 

less than 0.08%. The relative content of diasteranes, depending on the lithology of rocks and 

degree of thermal transformation of organic matter, is maximum in rocks of the Lower 

Jurassic of Kolpashevsky area. Diasteranes are absent in organic matter of the Upper Jurassic 

of Semirechnoy area. As in higher plants, where the sterane distribution is dominated by the 

C29 homologue, the content of steranes in the majority of studied rocks shows a predominant 

isomer C29 sterane. C29 increased concentration in a mixture of steranes indicates predominant 

contribution of terrestrial plant in the formation of organic matter source. Sesquiterpanes are 

the most representative class of terpanes in the investigated perspective and include isomers 

nordrimanes, drimanes and homodrimanes (see Fig. 1 A). Except for drimanes, in the content 

of sesquiterpanes observed bicyclic cadinanes, high content of unsaturated analogues that are 

fixed in peat and monocyclic aromatic hydrocarbon 1 - (1,5-dimethylhexyl)-4-methylbenzene 

(see Fig. 1 A).In the content of bicyclic sesquiterpanes in the sedimentary series is an increase 

in the relative content of drimanes and disappearance of cadinane structures down the section 

from the top-up to the Lower Jurassic deposits (see Figure 1 B). In this case, the entire section 

is dominated by C29 steranes. 

Composition of biomarkers and their changes in Jurassic sediments of southeastern 

West Siberia indicate the continental genesis of investigated sediments and instability of 

cadinane structures in the process their burial. 

 

А В 

 
 

 
 

Figure 1. A- Mass fragmentograms dispersed organic matter Kolpashevsky area m / z 123:1.2 
-nordrimanes(C14), 3-6 -drimane(C15) 7-10 -homodrimane(C16); m / z 165:11, 13, 14 –
cadinanes. B -Changes of the distribution of individual structures of drimanes and total 

content of nordimanes, drimanes and homodrimanes , (structures1-10). 
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The extraction of geochemical information from well log data has a long history. 

Perhaps the best known method is that of Passey et al. (1990) which uses the delta logR 

method to compute Total Organic Carbon (TOC) values based on the difference between the 

resistivity log and the sonic log. Since Passey et al. (1990), other authors have addressed the 

issue of the prediction of geochemistry-related parameters from well logs taking both 

physically motivated (Heidari et al., 2011) and data driven approaches (Khoshnoodkia, 2011). 

Well ‐A Well ‐B Well ‐C

Note: Same excursions 
but lower HI values due 

to higher maturity. 
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Figure 1. Example of TOC (left) and HI (centre, right) predictions from well log data for 3 of 
the wells in this study. Red = mean predictions, yellow = 25-75% confidence intervals, black 

crosses observations. Focus is on the Draupne Formation, and formation tops are shown. 
 

In this study we explore the prediction of geochemical quantities such as TOC and HI 

(Rock-Eval Hydrogen Index = S2/TOC) using well log information in the Tampen Spur area 

of the Norwegian North Sea.  Our particular focus is on the Upper Jurassic-basal Cretaceous 

Draupne Formation source rock interval. This research addresses the questions: 

1. Can we use multiple well logs (resistivity, gamma and sonic) to improve our 

ability to predict TOC and HI in all formations using a single model? 

2. Can we generalise such a model to work in a regional context? 

3. Can we employ modern Bayesian approaches to quantify our residual uncertainty? 
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We assess these questions using 5 wells in the Tampen Spur region, for which we 

have well log and measured geochemical data. We developed models per well, and for 

specific formations within each well (in particular the Draupne Formation) as well as a global 

model. We develop new statistical models based on Gaussian processes (Rasmussen and 

Williams, 2006) and compare these with the Passey method. A Gaussian process is a form of 

non-parametric regression model, which is both flexible and simple, and automatically 

provides uncertainty estimates on predictions. Exploratory analysis of the well logs revealed 

similarities between wells, particularly for the more densely sampled Draupne Formation.  

This is despite significant maturity differences between the wells, which are modelled in the 

HI prediction using smoothed vitrinite reflectance data as an additional ‘surrogate log’ input.  

The Passey method failed to predict TOC in the Draupne Formation, with correlations 

of less than 0.3. The Gaussian process models performed better (Figure 1). Prediction of two 

episodes of particularly high TOC and HI at the base of the Draupne is suggested, but the 

absence of measured data makes verification challenging – cores are available from this 

region in Well A, so these predictions could be checked. The apparent under-prediction of 

TOC in the uppermost Heather could be due to caving of cuttings from the Draupne 

contaminating the measured sample values. The HI prediction results are more reliable with a 

global correlation of 0.87 on an independent test set.  Although there is some noise in the 

Well-B Draupne  (Figure 1, centre panel) the observations are mostly within the confidence 

intervals which are notably wide for the poorly sampled intra Draupne Formation. HI 

predictions for Well-C (right panel) are in excellent agreement with observations, particularly 

in the Draupne Formation. We consider the results positive and propose further extensions to 

the method based on other factors that might influence TOC and well log relationships. 
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The Upper Jurassic strata are considered to be responsible for hydrocarbon generation 

of large petroleum accumulations in the Norwegian and North Seas (Espitalié et al., 1991). 

However, exploration of these strata in Poland evidences only oil and gas shows. Our present 

study deals with the possibility of petroleum generation from Kimmeridgian and Tithonian 

strata of the Polish Lowlands based on organic geochemical study and hydrocarbon 

generation modelling.  

A total of 384 core samples were analysed: 180 from the Marginal Synclinorium (72 

from Kimmeridgian and 108 from the Tithonian strata) from 18 wells and 204 from the 

Mogilno-Łódź Synclinorium (99 from Kimmeridgian and 105 from the Tithonian strata) from 

10 wells. The geochemical study was completed by Rock-Eval pyrolysis and kerogen 

elemental analysis. Modelling of hydrocarbon generation processes was conducted using 

BasinMod® 1-D software.  

The Kimmeridgian and Tithonian strata are largely diversified in their total organic 

carbon (TOC) and hydrocarbon content (Tab. 1). The Tithonian strata have better source rock 

potential than Kimmeridgian in both synclinoriums. Hydrocarbon potential of the 

Kimmeridgian strata is usually low indicating the presence of gas-prone kerogen, whereas for 

the Tithonian strata mixed gas- and oil-prone kerogens occur; high-reactive Type-IIS kerogen 

was locally detected in Marginal Synclinorium (Tab. 1). Organic matter is generally immature 

or at the initial phase of “oil window”.  

 

Table 1. Geochemical data of Kimmeridgian and Tithonian strata in analysed synclinoriums 
(In parentheses: average values of parameters and indices) 

Parameter/Stratigraphy 
              / Synclinorium 

Kimmeridgian Tithonian 
Marginal  Mogilno-Łódź  Marginal  Mogilno-Łódź  

TOC (wt. %) 0.22-6.6 (2.1) 0.13-4.7 (1.0) 0.13-12.6 (2.5) 0.09-10.2 (1.9) 
S1+S2 (mg HC/g rock) 0.26-26.6 (4.1) 0.12-19.8 (2.4) 0.15-82.3 (9.8) 0.15-70.4 (9.6) 
HI (mg HC/g TOC) 13-508 (145) 32-458 (160) 18-694 (264) 27-770 (310) 
Tmax (

oC) 412-436 (427) 411-439 (430) 403-439 (424) 409-446 (429) 
H/C atomic  0.88-1.13 (1.0) 0.78-1.06 (0.92) 0.99-1.32 (1.17) 1.19-1.31 (1.24) 
S/C atomic (*103) 5-33 (19) 5-8 (6) 6-68 (33) 5-35 (19) 
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The numerical modelling revealed, that Upper Jurassic rocks reached thermal maturity 

corresponding to “oil window”, in Mogilno–Łódź Synclinorium in the time span between the 

Late Cretaceous and Early Palaeogene, usually early phase, and locally the main phase of “oil 

window” (Fig. 1). The maturity increase ceased during the Laramian inversion. In the 

Marginal Synclinorium organic matter did not reach the phase of “oil window”.  

The BasinMod™ 1-D modelling revealed that the generation of hydrocarbons from the 

Upper Jurassic source rocks occurred in the Late Cretaceous – Early Palaeogene time. This 

process was interrupted by inversion on the Polish Lowlands. In the future the Upper Jurassic 

strata in deep structures of the Mogilno–Łódź Syncliniorium should be considered as 

objective of the petroleum exploration. 

 

 
 

Figure 1. Total subsidence curves and thermal maturity phases of the Upper Jurassic source 
rocks (after Więcław and Kosakowski, 2011, suplemented) 

 

The investigations were financed by the Ministry of Science and Higher Education (Project 
Nos. N307 3141 39 and 744/N-IRAN/2010/0). 
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The Permian–Triassic boundary (PTB; 251.4 ± 0.3 Ma ago) interval is marked by the 

most drastic mass extinction in the Phanerozoic records. Organic geochemical studies on 

pyrolysis of kerogen (Sephton et al., 2005; Wang and Visscher, 2007) suggested that 

remarkable abundances of soil-derived organic molecules such as dibenzofuran in end-

Permian strata showed occurrence of massive soil erosion and transport of soil materials to 

the ocean as results of destruction of terrestrial vegetation, called ‘the extinction – soil erosion 

scenario’. We focus on kerogen from the Meishan section. Pyrolysis and thermochemolysis 

(thermally assisted hydrolysis and methylation; THM) analyses of kerogen were performed to 

evaluate bulk characters of marine and terrestrial organisms, and to examine variations of 

terrestrial environment and transport of terrigenous materials for the PTB. 

Whole rock samples were crushed to a ‘rice’-sized (diameter 2–5 mm) grain in an 

agate mortar. Crushed rock samples (5–10 g) were extracted with ultrasonication, by 

successive treatment with methanol and dichloromethane. Thereafter, residues were treated 

sequentially in a water bath shaker with HCl and HF. We analyzed pyrolysis and 

thermochemolysis of kerogen by using GC-MS equipped Curie-point pyrolyzer. 

Thermochemolysis was performed with tetramethylammonium hydroxide (TMAH) and 

trimethylsulfonium hydroxide (TMSH). 

We also identified aromatic furans as major compounds in products from kerogen by 

pyrolysate and thermochemolysis of all layers. It is possible that sources of aromatic furans 

with alkyl group, fungi and lichen, proliferated as disaster biota in terrestrial ecosystem 

through the PTB. However, the conifer biomarker retene and abietic acid can be identified in 

products from kerogen by pyrolysates and thermochemolysis, respectively. These results 

imply that the productions of herbaceous plants increased as dominant pioneer biota in early 

stage of recovery for terrestrial ecosystem after its collapse, but also that woody plant 

potentially continued to be produced in land area throughout the end-Permian and earliest-

Triassic. 

 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 385 -



CHMIA-14 590ºC Thermochemolysis (TMAH)

・ ・
・ ・

・ ・ ・
・
・ ・

・
・
・
・
・・・・

std

・ ・

・ ・

・
・

・ ・ ・ ・

・ ・

・
・・
・ ・

・

・

・

std
・

・

・
・

n-alkane
methoxybenzene
dibenzofuran
n-alkanoic acid(FA)
abietic acid

×

C18FA

C6FA

C16FA

C20FAC12FA

C12FA

C18FA

C16FAC11FA

C10FA

C20FA

CHMIA-14 590ºC Thermochemolysis (TMSH)

10                        20                         30                        40                        50                  60                        70

10                        20                         30                         40                        50                 60                        70
Retention time (min)  

Figure 1.  Total ion chromatograms (TICs) of pyrolysate of kerogen from the Meishan section 
by THM-GC/MS in the presence of TMAH and TMSH. 
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        The Araromi Formation belongs to the Maastrichtian age in the Dahomey basin, 

southwestern Nigeria. This formation consists dominantly of shales with thin beds of lignites 

and limestones. The shales are grey to dark grey colour and poorly laminated overlying the 

paralic sediments of the Afowo Formation.  

       Sixty selected shale samples ranging from drill cores to ditch cuttings from three 

exploratory wells have been subjected to organic geochemical analyses for source rock 

potential and biomarker studies to permit a more precise geochemical characterization of the 

sample set. Bulk geochemical data from the rock eval pyrolysis reveal organic matter richness 

(Total Organic Catbon, TOC) value range of 0.34 – 4.78wt% indicating variable source rock 

organic carbon quantity from poor to excellent. The source potential (SP) value range of 0.01 

– 14.56KgHC/ton and hydrogen index (HI) value range of 1.00 – 327.07mgHC/g rock 

suggesting source rock quality that spans from non-source potential through to gas/oil 

(TypeIII/II) and oil (Type II) generating potential. The Tmax value range is 398 – 435oC 

suggesting thermal immaturity to early maturity with respect to hydrocarbon generation. 

         Biomarker analyses using Gas Chromatigraphy (GC), Gas Chromatography – mass 

spectrometry (GC-MS) and Gas chromatography mass spectrometry/mass spectrometry (GC-

MS/MS for the aliphatic and aromatic fractions reveal a bimodal (Fig. 1) and unimodal (Fig. 

2) peaks for the n-alkane with sterane carbon distribution dominantly of the C27 sterane and 

less tha 30% of C29 sterane. This suggest a misture of organic matter source with relatively 

higher input from marine red algae and low of land plant contribution to the source organic 

matter. The depositional condition based on the high pr/ph ration is interpreted as anoxic 

environmental condition. 
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Figure 1. A bimodal n- alkane envelope of sample Ar-149 maximizing at nC16 and nC2 

typical of  source rock whose organic matter have been derived from a variable 
mixture of algal and terrigenous higher plant materials. Note 13, 15, e.t.c. represents 

the n-alkane carbon numbers and Pr; pristane, Ph; phytane. 
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Figure 2. A unimodal n- alkane envelope of sample Ar-145 maximizing at nC16 typical of a 
dominantly marine algae contribution to the organic matter. Note 14,15, e.t.c. 

represents the n-alkane carbon numbers. 
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The main aim of this study was to assess the petroleum potential of the Late 

Cretaceous - Eocene sediments of the Great South Basin, New Zealand. A multi-disciplinary 

approach was undertaken in order to determine source rock quality, maturity, kerogen type 

and depositional environment. Oil to source rock correlation was conducted on condensate 

samples encountered in the Kawau-1A well. These data were incorporated into a petroleum 

systems model, enabling the determination of potential hydrocarbon accumulations, volumes 

and trapping structures within the Great South Basin, as well as source rock maturity 

assessment on a basin scale. 

The main source rocks in the Great South Basin are coals and coaly sediments of the 

Late Cretaceous Hoiho Group (Pearson, 1998; Cook et al., 1999) which are present in six of 

the wells analysed. Data from Hoiho-1C, Rakiura-1 and Toroa-1 reveal organic rich, coaly, 

Type II/III and Type III kerogen bearing source rocks with some oil and good gas potential. 

Oil and oil/gas shows are observed in four wells in the Great South Basin and the discovery of 

gas condensate in Kawau-1A (Schiøler et al., 2010; Killops et al., 1997; Pearson, 1998; Cook 

et al., 1999) confirm the presence of a petroleum system. 
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Figure 1. Crossplots of TOC and pyrolysis data of the Tartan, Wickliffe, Taratu and 
Hoiho source rock intervals. 
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The SE Bohemian Massif (BM) includes a complete petroleum system (PS) with 

mature source rocks, migration pathways, and reservoirs with traps filled with oil and gas. 

The present study shows the key elements of the PS with emphasis on the depositional 

environment and kerogen origin of the principal and secondary source rocks, kinetic 

parameters of kerogen maturation, and oil-source rock correlation. Basin modelling is used to 

simulate the kerogen-to-oil-gas conversion using the measured kinetic data. 

The principal source rock in the SE BM is the Upper Jurassic Mikulov Fm. (MF) 

(Ladwein 1986, Francu et al. 1996, Picha and Peters 1998). It was deposited on the passive 

margin of the European plate in the northern Tethys. The Middle Jurassic fluvial and deltaic 

environments evolved to carbonate platform in the Callovian, and anoxic/suboxic continental 

slope in the Oxfordian-Kimmeridgian. Organic matter in the MF originates from planktonic 

algae associated with terrestrial plant debris. The initial hydrogen index (HI) is of 500-600 

mg/g TOC. Molecular composition of the S2 pyrolytic yield measured by pyrolysis-gas 

chromatography is typical of high-wax paraffinic-naphtenic-aromatic (PNA) type of kerogen 

with low phenol/n-alkane ratio similar to the Kimmeridge clay.  

Kinetic parameters include distribution of activation energies and a pre-exponential 

factor of the MF measured by open system pyrolysis using three heating rates: 0.1, 0.7, and 

5.0 K/min (Dieckmann et al. 2000). The kinetic data are used in an improved prediction of oil 

and gas generation as part of the numeric model of burial and thermal history. The results 

calibrated by vitrinite reflectance, Rock-Eval Tmax, and biomarkers suggest oil generation 

window at depth of 4-6 km and gas generation at 6-9 km.   

Oil biomarkers show good correlation with those found in the basin facies source 

rocks. The maturity sensitive ratios suggest that the oil expulsion from the source rocks takes 

place at depth greater than 5 km. The primary oil migration is visible in the fluorescence light 

microscopy.  
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The mineral matrix is built by carbonate grains, fine grained detrital rock forming 

minerals, and illitic clay minerals with very low expandable component. A network of 

microfractures associated with overpressure is observed at depth of 4.5 km and more. The 

brittle rock properties of the Mikulov fm. are favourable to hydraulic fracturing during 

unconventional oil and gas production. 
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We analyzed nearly 1,800 samples of rock (core and cutting) to enable the 

characterization of fossil organic matter present in the Upper Jurassic and Cretaceous Basins 

of Southeastern Mexico. 

To this end, cross-sections were drawn, which included more than 60 oil wells. The 

study of these sections and their arrangement allowed for a type setting facies and thermal 

maturity (% Ro equivalent) of a total area of approximately 19.350 km2. 

To determine with greater certainty organic facies, all samples were analyzed 

optically, using transmitted light and fluorescent light techniques and confocal laser 

microscopy. 

As an additional tool for a comparison, some samples were also analyzed 

(approximately 700 samples) by the Rock-Eval pyrolysis technique for obtaining parameters 

Tmax, HI, OI and TOC. 

In general, we define various organic facies of which can be mentioned organic matter 

algal material interspersed with amorphous bituminous horizons and organic matter 

sapropelic horizons. Likewise, is observed in some samples, the presence of hydrocarbons. 

The organic matter which has more evolution, has a thermal equivalent maturity 

equivalent Ro 0.69%, while less organic matter has evolved heat equivalent values Ro 0.28%. 
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Figure 1. Optical – Geochemical Log 
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Iraq is one of the few countries with significant potential for discovery of major oil 

and gas fields due to reduced exploration and field development until a decade ago. Two 

major petroleum systems occur in Mesozoic strata, the Middle-Upper Jurassic and the Basal 

Cretaceous. These petroleum systems in Arabia are generally well separated by the 

widespread evaporites of the Hith Fm., its equivalents in central to NE Iraq being the 

carbonates/anhydrites of the Gotnia Fm. Where this unit is missing or replaced by the 

siliciclastic or brecciated Barsarin Fm. a differentiation of the two Petroleum Systems 

becomes difficult. We here report on the sedimentary sequences in the Ajeel and Hamrin oil 

fields of northern Iraq, covering the time interval from the Lower Middle Jurassic (Aalenian) 

to the Early Cretaceous (Barremian) to describe the petroleum source intervals. To facilitate 

oil/source rock correlation, samples from the overlying Lower Miocene (Euphrates and Jeribe 

Fm.) reservoir intervals were studied for the residual oil composition and production oils from 

both fields were characterized. 

In the Ajeel Field samples from 4 wells (AJ8, AJ10, AJ12, AJ88) were investigated: 

with AJ12 covering the potential source interval from 3000 to 3725 m with 117 samples. The 

basal Mus Fm. (Aalenian) is composed of shallow water carbonates with no source potential 

(TOC <0.5%; HI < 50) and passes into the anhydrites of the Alan Fm., which is more 

anhydritic at the base (40-60 % anhydrite, GR <10 API; TOC< 0.5%) and more argilitic at the 

top (30-40 % anhydrite, GR 20 - 60 API; TOC 0.5-2.5%). The high PI (0.3-0.5) and low Tmax 

values (437-440°C) argue for impregnation of anhydrites with migrated oil but a minor source 

potential can be ascribed to the Alan Fm. The overlying Sargelu Fm. is 80 m in thickness and 

based on carbonate content, GR (gamma ray in API units), and TOC content can be subdivide 

into 2 shaling upward cycles. This formation has been listed as potential source rock (Verma 

et al., 2004, Pitmann et al., 2004, Jassim and Goff, 2006, Aqrawi et al., 2010), which is 

confirmed in more detail in our study by an average TOC of 2.95% (n=17) ranging between 

0.9 and 8.35% TOC. At a present day depth of 3510 t0 3590m, with a Tmax of average 442°C 

and a PI of 0.24 the Sargelu is in the petroleum generation stage. The overlying Oxfordian to 

Kimmeridgian basinal Najmah Fm. or its facies equivalent the shallower Naokelikan Fm. 
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have been listed as potential source rocks as well. The thickness comprises only 30 m, which 

can be subdivided into 3 distinctive units, the basinal carbonate (85-90% carbonate, GR 10-

40API) is followed by a shale unit (carbonate >30%, GR >100 API), which is overlain by an 

interval of shale/carbonate alternations (carbonate 30-70%, GR 80-100 API). Though a 

similar tripartite facies development has been noted by Aqrawi et al. (2010), the organic 

matter distribution in the Ajeel field is different to their report. A basinal transition bed to the 

underlying Sargelu contains the highest TOC content of 21.9 % (GR >120 API), followed by 

moderate TOC of 0.4 to 1.4 in the top and basal unit, whereas the central unit has TOC values 

of 5.4 - 8.34%. The central unit shows Tmax values of 447°C and a PI of 0.17 - 0.20, arguing 

for ongoing oil generation, whereas over- and underlying units are impregnated by expelled or 

migrated oils (Tmax 447°C,  PI of 0.39 - 0.80). The Gotnia Fm. in the Ajeel field ranges from 

3444 to 3486m depth, with a basinal anhydrite section of app. 20 m thickness overlain by a 

argillaceous carbonate unit of app. 20 m. The anhydrite interval bears no organic matter but 

the carbonates reach TOC values of up to 2.4 % in the transition to the overlying Chia Gara 

Fm. These can be considered the main source unit in the region, with a thickness of app. 220 

m, an average TOC content of 4.21% (n=50) and HI value of 210 mgHC/gTOC (n=40). The 

Chia Gara Fm. passes from basinal shales into carbonates and then to coarse grained 

siliciclastic. The lowermost part is most organic matter rich with TOC contents around 10% at 

a Tmax of 439°C at the beginning of the oil window, confirmed by PI values of 0.12 to 0.15. 

The overlying Lower Sarmond Fm. gets progressively carbonate enriched and bears no 

significant source potential with TOC values averaging 1.09% at an average  Tmax of 430°C. 

Oils generated from the Sargelu, Naokelikan/Najmah and Chia Gara Fm. are sulphur-

enriched and residual oils as well as production oils from the Ajeel and Hamrin fields show 

very similar distribution of thioaromatics, in particular methylated dibenzothiophenes and 

naphthobenzothiophenes. Triterpane distributions also match the three source units well with 

the Ajeel and Hamrin oils, showing low abundance of tri- vs. pentacyclic terpanes, a 

predominance of the C29-hopanes, presence of 2methylhopane but no gammacerane, and most 

peculiarly the occurrence of a 29,30-bisnorhopane. A clear source-reservoir relations could 

thus be established. 

The investigation of several new wells in NE Iraq provides an improved understanding 

on stratigraphic distribution of source intervals and demonstrates that the Jurassic petroleum 

system has charged the Miocene reservoir units in the area. 
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Offshore exploration studies are currently one of the main objectives of the 

Venezuelan oil industry; these have been extended in several areas: East, Nor-east, Center and 

western (Golfo de Venezuela) part of the country, being the latter area of interest on this work. 

On 2009 when was drilled the first wells in the northeast of the area of Golfo de Venezuela 

and which confirms the existence of gas and light oil on Tertiary carbonate facies. Due to this 

discovery, has been of great interest since it is estimated that more than 10 TFC remain on the 

area, generating an intense exploration activity that including drilling new wells, geophysical 

(3D seismic), geological, sedimentological, stratigraphic, and geochemical evaluations, in 

order to have a better understanding of petroleum system present on the area and to assess the 

genesis of hydrocarbons discovered.  

Gas and condensates samples were collected from Well 2 and Well 3 to characterize 

fluids present in Cardon IV field. The interval evaluated corresponds to a sequence calcareous 

from early Miocene (Cuauderalito Member) with a thickness of approximately 750 ft, located 

(by electric logs) between 9000 - 9700 ft to depth. 

Gas samples were analyzed by chemical and molecular composition based on the 

procedure described in analytical norm COVENIN 2569-89 and δ13CH4 was determined using 

isotope ratio GC (GC-C-IRMS). Furthermore for the characterization of oil, following method 

was designed: API gravity and metals (V, Ni and S) determination, GC of C15
- fraction, 

SARA composition, 13C determination of total oil and saturated and aromatic fractions 

relative to VPDB, and determination of specific compounds.  

The results of gas chromatography reflect values below 95 mol% in CH4. Bernard 

diagram (Figure 1) confirms information about these hydrocarbons was classified as a wet gas 

(thermogenic source), according to the 13C values obtained for CH4 which range are between 

-44 ‰ and -69 ‰. Difference between ethane  and propane isotope shows that the gas in the 

reservoir has been generated by primary cracking of organic matter in source rock, and its 

maturity is equivalent in terms of values of vitrinite reflectance % Ro near to 1.1 (mature area 

within the window generation) (Rooney et al., 1995).  
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Liquid petroleum present in the same reservoir showed values for ° API ( 49 ° API) 

that indicate it corresponds to a light hydrocarbon type, close to condensates and SARA 

composition: saturated hydrocarbons (70 wt%) and aromatics (30 wt%). Moreover, GC 

analysis of the saturated fraction oil sample corresponding to the fraction C15
+ presented a 

unimodal distribution pattern, typical of oil associated to organic matter of marine origin, 

shows predominance between n-C14 paraffins and n-C16, and odd paraffins. As for the origin 

of hydrocarbons, evaluated from the liquid fraction, show a trend associated with a mixed 

source rock, deposited in transitional type environments, where organic matter was deposited 

in suboxic conditions. The associated lithology type is siliciclastic (shale).  

On the other hand on relation to maturity of oils, diamondoids suggest maturity 

equivalent to vitrinite reflectance value between 1.3 - 1.6% Ro, obtained by the Index Methyl 

Adamantene (IMA). This value was within the range of wet gas window, consistent with the 

generation region obtained for gas samples. Considering the range of maturity values reported 

the level of thermal evolution of these hydrocarbons must be located in a range of maturity of 

0.9%  Ro ≥ 1.3 - 1.6. 

This width range in maturity levels may be reflecting a possible mixture of 

hydrocarbons with different levels of maturity; however from the point of view of organic 

matter there are not variation, so that, if this hypothesis is true, the mixture corresponds to 

hydrocarbons associated with same source rock.  

 

 

Figure 1. Bernard diagram  
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Surface geochemical direct exploration methods are important part  of  oil and gas 

exploration especially in offshore areas. These methods are based on study of the special 

features of the distribution of different geochemical fields - fields of HC’s, isotopes and 

elements. Hydrocarbon fluids, which migrate from the deposits to the surface, lead to shaping 

of both the focused hydrocarbon anomalies in the overlapping sediments and to a change in 

the chemical composition of the overlapping sediments, and also the physical properties of it  

and create the naphthide caused systems of anomalies. Furthermore, the features of 

geochemical fields  distribution  make possible to reveal the geological, tectonic features of 

area  and section, which are  shaping of oil and gas-bearing capacity. 

Will be show results of integrated innovative surface geochemical study in small area 

in Black see based on investigation more than two thousand sediment samples.  All samples 

was sampled in single grid from one type of pelitic practically one geological horizon .  It was 

carried out different but in one logistic chain geochemical methods  -   geochemistry of HC 

gases and carbon dioxide content ,  carbon isotopes of this gases, geochemistry of non gases 

HC’s including high resolution biomarker analysis, trace elements analysis and electro 

geochemical analysis.   Surface geochemistry are operate with traces of migrated HC from 

deposits –with traces of HC breathing on surface -  content of this traces in samples – 

negligible. We must change seeps searching ideology to real routine surface geochemical 

investigation.      

Based on our experience first of all we exclude widespread method as  head space 

sampling of gases from sediments. We used thermal vacuum degassing of enough volume ( 

not less than 500 ml) of  sediments which was sampled from tube end immediately after 

recovering of gravity tube to vessel deck.  We extracted enough for reproducible GC volume 

of gases.  

Carbon isotopes of HC’s gases and carbon dioxide showed evidence of real deposit’s 

gases migration. Same time we see evidence of multiple isotope fractionation from  thermal 

gases to bacterial gases and contrariwise because of multiple bacteria symbiotic cenosis.  
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GC-MC analysis of DCM extracted  and “purified” alkanes and aromatic HC’s 

showed pure examples  of so called background and oil homothetic biomarkers distribution. 

Background samples are describes with  strong predominance of  odd C27-C31 HC, with total 

biological style biomarkers Examples of oil  HC migration evidence showed oil similar HC ‘s 

distributions.   We discovered  in sediment samples biomarkers similar to  surrounding oils 

different “age” deposits -  C30 oleonanes,  different homologous series of tetra-cyclic T24  

terpanes, characteristic Pristane \ Phytane ratios, Gammacerane.  Certainly many samples 

showed mixture of background HC and existence of oil type HC’s.  

It was carried out study of trace elements (just in migration forms) , pH, Eh conditions 

of sampled sediments, was measured intensity of samples magnetization changing due to HC 

and oil associated elements migration from  deposits and changing of  redox potential.  

Based on combinations of all geochemical anomalies it was expose areas of 

predominantly gas and oil fields areas, suppose several oil horizons. Later geochemical 

anomalies was corresponded with geophysical potential petroleum structures. 
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Several oils from various depths in a single well from the Western Desert Egypt 

have been analyzed by a number of geochemical techniques. The whole oil gas 

chromatograms of the oils show a wide range of n-alkanes with the oil fingerprint 

changing considerably with increasing depth due to progressive thermal maturation. The 

oils are virtually pristine, unaltered by processes such as evaporative fractionation, water 

washing or biodegradation. Gas chromatography mass spectrometry (GCMS) of the 

aliphatic and aromatic fractions show biological marker distributions which show that the 

oils correlate and are produced from a single source, which is predominantly of a 

terrestrial input. This is also indicated by carbon isotope values for the aliphatic and 

aromatic fractions. The deepest sample, a condensate, contains neither steranes nor 

hopanes due to the advanced thermal maturity but isoprenoids such as pristane and 

phytane and the C-7 light hydrocarbons prove that the condensate correlates to the 

shallower oils and originates from the same source. The down-well sequence of oils 

demonstrates a gradual progression of in-reservoir maturation which is outlined by the 

various distributions and ratios of the above hydrocarbons. All of the C-7 compounds 

have been resolved by gas chromatography and the individual compounds have been used 

for correlation, revealing that they plot in an almost identical manner in the C-7 star 

diagrams (Halpern, 1995) and for insights into thermal maturation with increasing 

temperature. The C-7 ratios have also been used to suggest source expulsion temperatures 

with oils being generated within the peak oil window, which is supported by various 

GCMS derived maturity parameters including the methyl phenanthrene index. 

REFERENCES: 
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As it is known, oils are classified for economic value according to their API gravity. 

Hence, in terms of oil exploration activities, it is significant to have oils with low API gravity 

(~220 API) in a field which mostly has higher API gravity values (~360 API). This study has 

been done in order to determine the differences between oil samples derived from the same 

source rock (Silurian hot shales). The samples were taken from quite close oil fields in the 

Southeastern Anatolia Region, Turkey.  

 Gas chromatography (GC), gas chromatography-mass spectrometry (GC-MS) and 

stable carbon isotope (GC-IRMS) analyses were conducted on selected oil samples from five 

different wells (K-28, M-2, B-35, GK-10 and KA-5). Fingerprint analyses that have been 

interpreted by using m/z 191 and 217 fragmentograms, show that the oil samples have very 

similar peak distributions. All parameters of oil samples, such as, lithology (e.g. 

C29Norhopane/C30Hopane and tetracyclic terpane ratios), organic facies (e.g. tricyclic terpane 

ratios, high amount of diasteranes and similar C27-C28-C29 percentages), deposition 

environment (e.g. low Tm/Ts and C35/C34 ratios), and maturation (e.g. C32 22S/22(S+R), C29 

20S/20(S+R), and aromatic ratios) are very close to each other. The results of the stable 

carbon isotope analyses also support this thesis. 

Moreover, the oil samples from GK-10 and KA-5 wells show low API values and 

some differences in n-alkane distributions such as high amount of light-ends, but low amount 

of other n-alkanes, and high isoprenoid/n-alkane ratios among five oil wells. The reason of the 

difference between these two oil samples is their reservoirs which are favourable for the 

entrance of meteoric water. Therefore, oil has been biodegraded and then, low amount of light 

hydrocarbons reach to the reservoirs. 
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Increasing exploration to find new reserves of shale gas and oil has a direct impact as 

it requires assessment of all potential source rocks. The mature source rock in the Jurassic 

Petroleum System is the (Oxfordian) Najmah Formation. This is considered as the main 

source for most hydrocarbons trapped in Kuwait’s reservoirs. Source to oil correlation 

between (Lower Cretaceous, Berriasian) Makhul Formation from offshore cuttings and oils 

from Cretaceous reservoirs creates a new scenario for Makhul Formation potential as 

conventional and unconventional reserves. Adding the new dataset (geochemical analyses) 

from onshore cores reinforces the need to perform detailed comprehensive studies. Dataset 

from three offshore and one onshore well has been used to achieve this. 

The Makhul Formation represents the onset of open marine carbonate deposition 

overlying late Jurassic Hith Evaporites. The Makhul section offshore displays deeper 

deposition than onshore. This has direct impact on their maturities where offshore is more 

mature (oil to gas window) than onshore (oil window). Source rock maturity assessment 

merged pyrolysis Rock-Eval and biomarker results.  The hydrocarbon richness shows 

opposite trends with Makhul offshore having lower TOC values(1-4%),while Makhul onshore 

reaches 8% TOC.This is an excellent source with a predominance of hydrocarbon type II. 

Dominating steranes C29>C27>C28 shows this source rock was deposited in a marine 

environment near the basin edge based on the,higher plant,content of sterane C29. 

Geochemical characteristics and genetic relationship of Makhul Formation source 

rock to oil trapped in Cretaceous reservoirs has shown that this rock is the main source for 

conventional reserves in the Cretaceous Reservoir System (CRS). Meanwhile, their potential 

as unconventional reserves has just entered the early stages of investigation. A new 

geochemical data set is needed and integrated with existing geological and engineering data to 

create more reliable interpretation and reduce exploration risk. 
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An integrated geochemical and geological study was carried out in the southern 

portion of the Upper Magdalena Valley Basin (UMVB), in southern Colombia. This is an 

intramontane basin, characterized by a high structural complexity.  

The methodology included the geochemical characterization and correlation of two 

hydrocarbon fluid samples (oil and condensate) from a DST test in Well A, and 18 rock 

extracts from outcrop samples of the Cretaceous Villeta Formation. Samples were analyzed 

for liquid chromatography (MPLC), gas chromatography (GC), and gas chromatography mass 

spectrometry (GC-MS). Additionally, a multi 1D-basin modeling was carried out on 2 wells 

and 5 pseudo-wells, to simulate the hydrocarbon generation and expulsion processes in this 

tectonically compressive geologic setting.    

Results of the geochemical analyses suggest the hydrocarbon fluids from Well A 

suffered alteration due to evaporative fractionation processes, and do not show evidences of 

severe biodegradation. These analyses also suggest their origin from the same source rock, 

deposited in a transitional siliciclastic environment, with contribution of marine and terrestrial 

organic matter. Thermal maturity was estimated from saturate and aromatic biomarker 

parameters at equivalent %Ro of 0.9 for the oil and 1.3 for the condensate. This difference in 

maturity levels suggests they may come from different generation episodes. The geochemical 

characterization of the rock extracts allowed the identification of three organic facies within 

the Villeta Formation: marine carbonatic, marine siliciclastic, and siliciclastic transitional, 

with contribution of terrestrial organic matter mainly. The correlation of the hydrocarbon 

fluids from Well A with the rock extracts shows a genetic affinity of the fluids with the 

siliciclastic transitional facies of the Villeta Formation (Figure 1). Modeling results allowed 

the definition of a pod of active source rock in the southwestern portion of the UMVB, from 

Middle Miocene to present (Table 1). Burial history charts confirm the results of the 

geochemical analyses performed on outcrop samples: the sedimentary overburden was 

insufficient for the source rocks to enter the oil generation window. This only happens by the 

effect of the overthrusted blocks. The hydrocarbon generation and expulsion episodes are 
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dependent on the age of the thrusts emplacement, which provide the overburden necessary to 

trigger these processes.   
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Figure 1.  Cross plot diagrams of saturate biomarker parameters of the oil and condensate 
samples from well A and rock extracts from Villeta Fm. 

 
Table 1. Hydrocarbon generation and expulsion periods from multi 1D basin modeling. 

 
MODELLED POINTS / GEOL. AGE (Ma) 20 16 15 13 12 10 8 7 5.5 5 4 3 2.5 2 1 0

GENERATION

EXPULSION
PSEUDO WELL 5

WELL A

WELL B

PSEUDO WELL 1

PSEUDO WELL 2

PSEUDO WELL 3

PSEUDO WELL 4
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Both physical and geochemical characteristic of the produced petroleum were 

analyzed, for more than 20 oilfields, in order to further the understanding of the petroleum 

charge history and the alteration processes in the central region of the Llanos basin of 

Colombia. 

The isotopic and compositional information of the gases suggest that those fluids were 

generated by the thermogenic transformation of the terrestrial upper cretaceous source rocks 

at different levels of thermal maturity. The less mature gas, early expelled, reached in small 

quantities the accumulations in the eastern and central part of the foreland, accounting for the 

light isotopic values and higher proportion of methane in the samples. The mature and over-

mature gases, lately expelled, are concentrated in the foothill and western foreland oilfields 

and they are more dry gases with heavier isotopic signature. 
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The terrestrial origin of the organic precursor of the oils produced in the foothill is 

suggested by the predominance of the high molecular weight n-alkanes, the bimodal behavior 

of the gas chromatography (GC) fingerprint of the whole oil (WO), as well as the high 

concentrations, relatively to the marine fluids, of C19 and C20 tricyclic terpanes and olenane 

and higher tricyclic/steranes ratio (figure 1). Additionally, high concentration of terpanes 

polyprenoids (TPP) in foothill oils is consider as indicating lacustrine or shallow marine input 

since they seem to be originate from precursors in freshwater algae. 

In oils from the foreland the C23 is the dominant compound of the low molecular 

tricyclic series, the C27 is the dominant compound of the steranes series and the olenane index 

decrease bellow 2.0 indicating a more marine algal precursor (figure 1). We also highlighted 

the dominant presence of the extended (+C25) terpanes in those oils as well as the higher 

homohopane ratio, which is commonly interpreted as an indicator of highly reducing marine 

condition 

Mixing of previously biodegraded oils with light oils arriving in a second pulse of 

charge (refreshing) is a process indicated by the concomitant occurrence of both significant 

concentrations of 25-C29 norhopanes, indicating high biodegradation levels, and high 

concentration of low molecular weight n-alkanes. 

Based on the geochemical interpretation we can state that the amount of gas in the 

fluids is controlled by the migration distance from a lately or maybe current generation 

kitchen located beneath of the foothill deformation zone.  This interpretation fit with the 

lowest values of GOR and Psat indicating the decreasing of gas influx toward the foreland 

domain.  

On the other hand, the gravity (API) of the liquid phase is mainly controlled by the 

intensity of biodegradation processes. Marine oils were accumulated in shallow reservoirs of 

the foreland prior of the onset of Andean deformation, those fluids reached different level of 

biodegradation depending on the time they remained into the biodegradation zone (less than 

80° of reservoirs temperature) before being buried until its current depth. Geochemistry of 

oils recognized the vary biodegradation intensity of the oils and its correlation with the API 

values. 

Then, the proposed charge and alteration model allows predict qualitatively the 

physical properties of the petroleum ahead drilling in unexplored areas of the basin on the 

basis of the location and the temperature history of the potential reservoir.  
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Large Tertiary deltas contribute significant volumes of oil to overall global production. 

These petroliferous provinces have been the subject of petroleum geochemical research for 

decades, which has yielded some notable discoveries in molecular biogeochemistry e.g. the 

identification of Oleanane as an age-related marker for post-Jurassic higher plants (Ekweozor 

& Telnæs, 1990). 

The Baffin fan has accumulated up to 12km of Eocene-Pleistocene sediments and thus 

represents one of the largest Tertiary deltas in the world in which significant quantities of 

petroleum have not yet been discovered, despite several intriguing leads hinting at its 

petroliferous potential. A well-documented series of seeps in West Greenland indicate the 

presence of multiple Upper Cretaceous (marine, sub-delta) and Palaeogene source rocks with 

5 distinct oil families identified amongst the seeps (Bojesen-Kofoed et al., 1999). On the 

opposite side of the rifted margin at Scott Inlet, persistent naturally-occurring oil seeps have 

been recorded since the early 1980s. Geochemical analysis of this seep was presented at 

IMOG 2005 and correlated to a marine Cretaceous source (Fowler et al. (2005). 

Geochemical data for the Baffin Bay Basin has been published to date in a somewhat 

piecemeal fashion, hence one of the aims of this study is to consolidate the available 

information and include new samples and reanalysis of existing seeps from both the 

Greenland and Baffin conjugate margins. Analyses are on-going, and, far from simply re-

issuing already-published results, the introduction of quantitative geochemical methods and 

novel techniques such as molecular analysis by GCxGC-TOF-MS will provide new 

information on fluid and extract composition. 

A second aim of the study is to integrate the geochemical with seismic and 

geothermochronology data available for the area to produce a more holistic interpretation of 

the petroleum systems potential in the Baffin Bay Basin. Regional resource assessment has 

recently been published by the USGS (Schenk, 2010) which provided an excellent 

bibliographic review of the data. This study, as opposed to Schenk’s 2010 publication, is to 

place the geochemical data in a petroleum systems context using a modelling approach rather 

than a resource assessment of undiscovered reserves. 
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The geochemical results of this study not only deliver valuable data for the de-risking 

of petroleum industry exploration in the harsh environment of the East Canadian Arctic. The 

value-added benefit of this study will provide very useful information on the Cretaceous and 

early Cenozoic palaeogeographic conditions in the Baffin Bay area, such as the areal extent of 

Mid-Cretaceous marine transgressions in the Arctic. 
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Core hole drilling in the northeastern part of the Norilsk-Vologochan depression (northeast 

East Siberia) led to the discovery of oil in the Silurian deposits (the Wenlockian limestones, 

Diavolskaya Formation), which is extremely rare within the territory. Sample of oil from the 

Ergalahskaya PE-17 core hole was studied by means of GC and GC-MS. 

In the studied oil saturated hydrocarbons predominate (65%). N-alkanes were identified, 

containing C10-32, acyclic isoprenoids C13-25, and mid-chainmonomethylalkanes C19-30. N-

alkanes predominate over isoprenoids. The ratio of n-alkanes to isoprenoids is 0.25. The studied oil 

has unimodal distribution of n-alkanes with the maximum content of n-C15 and n-C17 homologues. 

The ratio of n-C17 to n-C27 is 2.6 and pristane to phytane ratio is less than one (0.9), indicating the 

oil formation from aquatic organic matter under reducing conditions. 

C27 steranes predominate among regular steranes, which indicates significant contribution 

of algae to the original organic matter. The sample shows significant diasteranes content, which is 

characteristic of rocks rich in clay. The 20R epimer content is still high, the 20S/20R ratio didn’t 

reach its equilibrium value. Among triterpanes pentacyclic ones predominate, which indicates that 

the formation of organic matter was mainly due to bacteria in the marine environment. The presence 

of gammaceranes indicates high salinity in the sedimentation basin. The Ts/Tm ratio is 0.9, which 

corresponds to the beginning of the main phase of oil generation. 

Monoarenes. N-alkylbenzenes (n-AB, m/z 91), 1,4-, 1,2-, 1,3-methylalkylbenzenes (MAB, 

m/z 105) ethyl-, dimethylalkylbenzenes (EAB, DMAB, m/z 119) and phytanilbenzenes C26 (Ph, 

m/z 92) with isoprenoid aliphatic chain of C20 and its methyl- (m/z 106) and dimethyl- (DMPhB, 

m/z 120) substituted homologues were identified in oil. Methylalkylbenzenes predominate among 

alkylbenzenes (52% relatively to the identified AB). Methylalkylbenzenes are represented by 

homologs containing 12 to 29 carbon atoms, with maximum concentrations of C22 and C24. 

Concentration of MAB isomers increases in the row 1,4-Mb <1,3 MAB <1,2 MAB. N-

alkylbenzenes are represented by homologs containing 5 to 25 carbon atoms, with the maximum 

concentration of C20, and make up 20% of the identified AB. The content of ethyl- and 

dimethylalkylbenzenes is 11%. Phytanilbenzenes make up 16%, with prevailing 

methylphytanilbenzenes (72%). 
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Biarenes. Identified biarenes include naphthalenes (N), fluorene (F) and their alkyl-

substituted homologs, which have up to two methylene groups (F) and up to four methylene groups 

(N) in their side alkyl chains. TMNs predominate among naphthalenes (56% of the identified Ns). 

Concentration of alkyl-substituted homologs of Ps increases in the row 

ТМН>EN&DMN>TeMN>MN>N. DMFs predominate among fluorenes (ca. 63%). 

Triarenes. Phenanthrene (P) and its alkyl-substituted homologs with 1 to 4 atoms of C were 

identified in oil. Phenanthrenes with three methylene groups in the side chains (TMP) predominate 

among all homologs of phenanthrene (ca. 43%). Concentration of Ps decreases in the row 

TMP>TeMP>DMP>P. Calculated vitrinite reflectance (Rc) of oil corresponds to the peak oil 

window (0.76). 

Thus, the oil from the Silurian sediments probably formed from organic matter of marine 

type, in shallow basin with high salinity, mainly in clay sediments. 
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The present study was performed in the amazon region, where Petrobras built a 

pipeline that transports 50 thousand barrels of oil per day from the Urucu oil and gas province 

to the Solimões Terminal (TESOL) in the vicinities of Coari City. This oil is then shipped to 

another terminal in Manaus using the fluvial route of the Solimões River.  TESOL is situated 

in a still relatively unpolluted and scantily inhabited region and that have the Amazonian 

rainforests with unparalleled biodiversity. For evaluating future changes that the continuing 

economic utilization of the Amazon rainforest can cause, is important to determine the 

contemporary “normal situation” of the region as a reference for comparison purposes. This 

study focuses on the identification organic compounds in the sediments of Coari Lake and 

Solimões River in the Amazon region, Brazil.  

Samples were extracted using ultrasonic agitation with 50mL of methylene chloride: 

methanol (9:1) each time. Before the extraction, a standards solution was added with n-

tetracosane-d50. The extracts were subjected to liquid chromatography using silica gel. The 

aliphatic and aromatic hydrocarbon fractions and polar compounds were eluted with hexane, 

hexane:methylene chloride and methylene chloride:methanol, respectively, and later analyzed 

for GC/FID and GC/MS. 

Ten superficial samples analyzed presented a homologous series of n-alkanes, with 

maxima at n-C29 and at n-C31 (Figure 1A), characteristic of plants and microorganisms for the 

organic matter contribution. It was observed the presence of compounds belonging to the 

diagenetic process of sterols as: cholest-5-ene-3-beta-ol, cholestanol, cholestan-3-one, 

cholest-4-ene-3-one, stigmast-5-en-3-ol, stigmastan-3-ol, stigmastan-3-ona, stigmast-4-ene-3-

ona.  While in the aromatic hydrocarbon fractions of these samples, antracene, phenanthrene, 

fluoranthene, benzo[a]pyrene, pyrene, chrysene  and perylene  were observed. In some 

samples perylene was the most abundant compound indicating a biogenic source. 
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A number of pentacyclic triterpenoids are also present. Beta-amyrin (olean-12-en-3b-

ol), α-amyrin, friedelan-3-one (Figure B). These pentacyclic triterpenoids are widespread in 

higher plants and have often been reported to occur in sediments. 

Several compounds were detected such as n-alkanes, polycyclic aromatic 

hydrocarbons (PAHs), n-alcanoic acid, n-alkanols, sterols, α-amyrin, β-amyrin, and   

stigmastanol. Biogenic contribution was evidenced by distribution of n-alkanes, n-alcanoic 

acid, n-alkanols, sterols, α-amyrin,  β-amyrin and   stigmastanol. Hopanoid compounds, only 

a minor biogenic contribution was evidenced by the occurrence of Hop-17(21)-ene and 17-

beta(H), 21beta(H)-homohopane. This feature confirms the contribution of bacteria to organic 

matter and enables the characterization of the Coari sediments as being recent. 

 

 

Figure 1. (A) Total ion chromatogram of aliphatic compounds in Coari Lake, (B) Mass 
chromatogram m/z 218 for polar compounds from Solimons river.  
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Large rivers play an important role in transporting terrestrial organic matter to the 

estuarine and coastal environments, and those ocean margins dominated by them are the most 

important sites of organic matter (OM) burial on the earth’s surface (Hedges and Keil, 1995; 

McKee et al., 2004; Bianchi and Allison, 2009; Bianchi, 2011). In order to obtain a 

comprehensive understanding of the sources, distribution and preservation of organic matter 

at the Changjiang Estuary and its adjacent sea area, 22 surface sediment samples were 

analysed for grain size composition, mineral surface area (MSA), total organic carbon (TOC) 

and total nitrogen (TN), stable carbon isotopic composition (δ13C), n-alkanes and core 

glycerol dialkyl glycerol tetraethers (GDGTs). Principle component analysis (PCA) and 

several end-member mixing models were applied to characterize the OM sources and their 

distribution patterns. The distribution of TOC, δ13C and chemical biomarkers showed a 

mixture of multiply-sourced OM in this area. Accordingly, it was grouped into four distinct 

OM provinces, and OM contributions from marine autochthonous production, terrestrial high 

plant, soil and salt marsh in these four provinces were calculated by a four end-member 

mixing model based on C/N, δ13C and BIT index: (1) coarse-grained sediments, low TOC 

content and soil OM dominated the inner estuary province; (2) fine-grained sediments, high 

inputs of terrestrial OM and high TOC content characterized the estuary and coast province; 

(3) coarse-grained sediments, lower concentrations of TOC but more marine OM dominated 

the ECS Shelf and (4) maximum contribution from marine OM was found in the Yellow Sea 

province (Fig. 1). The contribution of soil OM decreased dramatically outside the estuary 

raising concerns about its general suitability in estuaries and coasts. TOC, δ13C and n-alkane 

indices correlated well with the fine-grained sediment fraction, suggesting the importance of 

hydrodynamic sorting process on the dispersal and accumulation of sediments and OM in this 
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area. Distinctively low TOC/MSA loadings (~0.40 mg C/m2) in sediments from the estuary 

and coast province indicated inefficient carbon preservation in this area, and 14-78% of OC 

were lost based on a simple estimation, highlighting the potential importance of the 

Changjiang Estaury and Zhe-Min coast mud areas on the burial, preservation and 

remineralization of OC. 
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Figure 1.  Sedimentary organic matter provinces in the Changjiang Estuary and its adjacent 
sea area 
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Isorenieratene is a diaromatic carotenoid pigment specifically synthesized by 

phototrophic Green Sulfur Bacteria (GSB), so that the occurrence of isorenieratene of itself, 

or the hydrogenated and/or partially cleaved derivatives, is a promising biomarker of photic 

zone anoxia (e.g., Grice et al., 2005). Despite apparent chemical instability of carotenoids 

having many conjugated double bonds, molecular records assignable to carotenoid-derivatives 

can be found even in the Precambrian strata (e.g., Brocks et al., 2005). The present work deals 

with early diagenesis of isorenieratene in a brackish meromictic Lake Kaiike sediment in 

Japan. This work aims to determine total amount of the compounds relevant to isorenieratene. 

Freeze-dried sediment and fractionated samples were kept in a refrigerator and light-shielded. 

Sample handling including extraction and fractionation were performed promptly, in order to 

avoid possible photodegradation.    

Split/splitless mode GC analysis of the aromatic hydrocarbon fraction gave four peaks 

assignable to isorenierata-diene isomers (probably two pairs of steroisomers: here we call 

them as diaryltetraterpenoid-dienes: DATT-dienes), retaining two unsaturated bonds and 

molecular weight of 542, the structure of which had been determined by Hebting et al. (2006) 

in Lake Cadgno sediment. The abundance of the DATT-diene isomers tended to increase with 

increasing burial depth in the 60 cm length of core (Fig. 1). However, there were no peaks 

assignable to isorenieratene or its partially hydrogenated derivatives with more than three 

double bonds. Exposition to raised temperature (300°C) at the GC injection port may have 

degraded the polyenes. In the present work, therefore, we intended to determine the 

isorenieratene derivatives as far as possible by hydrogenation using hydrogen gas and Pd 

catalyst. The hydrogenation of the aromatic hydrocarbon fraction was carefully conducted 

under low temperature (immersed in ice-water). The yellow colour of the fraction disappeared 

completely within a few minutes. GC analysis of the reaction products gave no peaks 

assignable to DATT-dienes and instead, two or more isorenieratane isomers with molecular 

ion at m/z=546 appeared. The abundance of isorenieratane thus obtained, however, amounted 

up to more than 20 times in the surface and 5 times of DATT-dienes in the bottom section of 

sediment. Since the hydrogenation was examined against the aromatic hydrocarbons, the 
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precursors of the excess irorenieratane should be DATT-polyenes including original 

isorenieratene.  Up to the present, the DATT-polyenes decreased with increasing depth, while 

the DATT-dienes increased.  

Hebting et al. (2006) proclaimed that the hydrogenation (or reduction) should proceed 

via addition of hydrogen sulphide to double bonds followed by desulfulization. The sulfurized 

and sulphur linked materials, if present, may be contained in the polar fraction. 

Hydrogenation and/or desulfurization experiments of the polar fraction as well as the 

surveillance study for the optimum reaction conditions are underway. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
Figure 1.  Vertical distribution of DATT-dienes in Lake Kaiike sediment 
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The Baltic Sea is a brackish marginal sea composed of several shallow basins divided 

by sills (Matthäus and Schinke, 1999; Lass and Matthäus, 2008). As a result of sporadic 

inflows of dense saline North Sea water, the deep basins of the Central Baltic Sea (Gotland 

Deep, Landsort Deep) developed a stratified water column where oxic surface waters are 

separated from anoxic, methane-rich deep waters by a suboxic zone, similar to the Black Sea 

or the Cariaco Basin.  

Recent studies have shown that the suboxic zones in the Central Baltic Sea water 

column are very productive layers that harbor a high abundance of microorganisms (Labrenz 

et al., 2007; Schmale et al., 2012; Berndmeyer et al., 2013). Indeed, the water column profile 

of the Gotland Deep, sampled in summer 2008, showed the highest diversity and highest 

concentrations of specific bacterial biomarkers, bacteriohopanepolyols (BHPs), in the suboxic 

zone, including BHPs specific for aerobic methanotrophy (Berndmeyer et al., 2013). 

Moreover, BHT II, a BHP and isomer of the widespread 22R-bacteriohopane-32,33,34,35-

tetrol that is most likely specific to suboxic zones (Sáenz et al., 2011) was also identified in 

the suboxic zone of the Gotland Deep.  

Here we present novel BHP data from the stratified Gotland Deep and the Landsort 

Deep water columns from two sampling campaigns in 2008 and 2011. In both basins, BHP 

concentrations in the suboxic zone were higher in 2008 than in 2011, whereas BHPs were 

generally more abundant in the Gotland Deep than in the Landsort Deep. Both observations 

can likely be explained by oceanographic dynamics affecting the stability and thickness of the 

suboxic zone. In particular, our results point at a stable redoxcline as an essential requirement 

for major hopanoid production by pelagic bacteria, including aerobic methanotrophs. 

Comparison of water column BHPs with those preserved in the subjacent sediments revealed 

a significant increase in BHP concentrations and the appearance of redoxcline-specific 

compounds such as BHT II at the onset of the “Littorina Stage” of the Baltic Sea, 

simultaneous with the establishment of stratification in the deep basins about 8000 years ago. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 418 -



Therefore, despite the temporal and spatial variation observed for water column BHP 

concentrations, sedimentary BHPs still record major biogeochemical perturbations that 

affected the Central Baltic Sea during the Holocene.  
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The piston core samples of MD179-3312 from Joetsu gas hydrate field, Western 

margin of Japan Sea were geochemically analysed. 

The surface sediment of Japan Sea is characterized by an alternating layers dark 

laminated mud land light bioturbated mud.  The upper organic rich dark layer formed at the 

transition stage after Younger Dryas (11,600 yrBP). As Kuroshio became more vigorous, 

Oyashio retreated from Japan Sea, and the Tsushima warm current started to inflow. These 

changes caused the circulation in Japan Sea to stagnate temporarily, the seafloor became 

reductive, and the upper dark layer was formed. The	 high	 organic	 carbon	 content	 in	 the	

upper	 dark	 layer	 is	 considered	 to	 reflect	 the	 preservation	 of	 organic	 matter	 due	 to	

bottom	water	anoxia 

The lower dark layer formed during the last glacial maximum (24000-17000 yrBP) 

when the global sea level fell by 135 m globally, and the strait hat encloses Japan Sea became 

shallow.  The anoxia has been attributed to a decrease in the surface water salinity by the 

inflow of river water from the surrounding land.	 	 As	 the	 stratification	 of	 seawater	

progressed,	 due	 to	 the	 progression	 of	 oxygen	was	 no	 longer	 supplied	 to	 the	 seafloor.	

Furthermore,	 nutritious	 salts	 were	 not	 carried	 to	 the	 surface,	 decreasing	 the	

productivity.	Via	this	mechanism,	lower	dark	layer	became	deficient	in	organic	carbon. 

Recently, the lycopane/n-C31 alkane ratio has been proposed as a new proxy to assess 

palaeoxicity.  Sinninghe Damsté et al. (2003) investigated the surface sediment of the Arabian 

Sea.  They observed a marked increase in the lycopane /n-C31 alkane ratio within the oxygen 

minimum zone due to the enhanced preservation of lycopane. Although the biological source 

of the C40-isopreoid hydrocarbon has yet to be conclusively identified, lycopane is probably 

derived from phytoplankton. 

Fig.	1	(left)	shows	the	depth	profile	of	 the	 lycopane/n‐C31	ratio.	 	The	 lycopane/n‐C31	

ratio	 had	 the	 unusually	 high	 value	 in	 the	 upper	 dark	 layer.	 	 The	 high	 value	 of	

lycopane/n‐C31	ratio	was	concentrated	on	the	central	part	of	the	upper	dark	layer.	 	On	

the	other	hand,	the	lower	dark	layer	had	a	low	lycopane/n‐C31	ratio.		
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The	studied	sample	contained	a	significant	of	a	long‐chain	alkadinene,	n‐C37	alkadiene,	

but	 C38	 or	 C39	 were	 not	 detected.	 Figure	 1	 (right)	 show	 the	 depth	 profile	 of	 n‐C37	

alkadiene.	 The	 content	 of	n‐C37	 alkadiene	 decreased	 the	 further	 from	 the	 surface.	 The	

upper	dark	layer	showed	an	extremely	high	n‐C37	alkadiene	value	compared	to	the	lower	

dark	layer.		

The lower dark layer, which was deposited in a strong anoxic bottom water environment, 

did not show a high lycopane/n-C31 ratio.  In contrast, the upper dark layer, which was 

deposited in a weak anoxic bottom environment, had a high lycopane/n-C31 ratio. Although 

the lycopane/n-C31 ratio was not useful proxy to assess palaeoxicity, it did indicate surface 

productivity of some phytoplankton in the sediment in Japan Sea. The depth profile of n-C37 

alkadiene was similar to the depth profile of the lycopane/n-C31 ratio.   

 This	 study	 was	 supported	 by	 MH21,	 Research	 Consortium	 for	 Methane	 Hydrate	

Resources	in	Japan.  

 

 

Figure 1.  Depth profiles of lycopane/n-C31 alkane ratio and C37 alkadiene in MD179-3312 
core. 
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Active discharge of hot highly mineralized endogenous fluids in zones of the mid-

ocean rift hydrothermal circulation systems stimulates the unique chemosynthetic biocenoses 

development and leads to the intense authigenic minerals precipitation. This determines the 

genesis and the transformation processes of the dispersed organic matter (DOM) in sediments.  

Two types of sediment cores collected during the joint cruise of Polar Marine 

Geosurvey Expedition (PMGE) and Scientific Research Institute for Geology and Mineral 

Resources of the Ocean (VNIIO) onboard R/V “Professor Logachev” (2009) to the 

hydrothermal field Semyenov (13°N Mid-Atlantic Ridge) were studied. The hydrothermal 

activity was detected only on the one site of the field, located at depths of 2160 to 3020 m 

(Cherkashov et al., 2010). The standard analytical procedure included determination of 

elemental composition of sediments (Corg, Norg, Ccarb), group and molecular structure of 

the DOM soluble part using methods of preparative liquid chromatography and GC-MS with 

an Agilent Technologies GC System 6850/5973 (Boitsov et al., 2011). 

Cyclic character of the Semyenov hydrothermal field venting is traced in the 

anomalous lithological section. Layers of metalliferous (10%≤СаСО3<50%) and ore-bearing 

(0≤СаСО3<10%) precipitates replace each other indicating changes of environmental 

conditions under the influence of hydrothermal fluids. Composition and distribution of DOM 

in such sediments was studied in comparison with the normal carbonate sediment section of 

the field (СаСО3 ≥ 50%) collected outside the zone of hydrothermal activity (fig.1).  

Sufficient differences in the DOM geochemical parameters distribution for carbonate, 

metalliferous and ore-bearing sediments were indicated. Average contents of oils don’t 

exceed 33% (ΣHCs~12÷23 mkg/g of sediments, fig. 1) in the group composition of DOM 

through the normal type of sediment section, whereas concentrations of more condensed 

components, such as resins, are relatively high (up to 60%) and testify to the high level of 

DOM transformation (residual organic matter (ROM)~99%). In contrast, the content of 

hydrocarbons varies for the anomalous hydrothermally influensed sediments, amounting 

maximum (up to 70%) in the metalliferous layers. The transformation degree of DOM for this 

brown-colored layers is less than for the ore-bearing gray ones (ROM ~ 89% and 97%, 
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respectively), that could be associated with specifity of environmental phisical and chemical 

conditions in appropriate periods of hydrothermal cycle. 

 

Figure 1. Main group characteristics of DOM in bottom sediments with the normal and 
anomalous lithological section type (Achl – chloroform bitumoid). 

 
Variations in molecular markers distribution (n-alkanes, isoprenoids, cyclanes, arenes) 

are consistent to the specificity of group composition. Compounds of predominantly 

hydrobiotic origin with a significant level of OM transformation are characteristic for all 

layers of the normal carbonate sediment section (ОЕР С17÷19~1 for n-alkanes, Ts/Tm~0.7÷1, 

C31-32(S/S+R)=0.3÷0.6 for hopanes and C27/C29ααα≥0.5 for steranes). The distribution of 

biomarkers in ore-bearing and metalliferous sediments strongly varies. Decrease of the 

hydrobiotic OM maturity observed in the upper gray-colored layer (ОЕР С17÷19~0.1) in 

contrast with the lower one (ОЕР С17÷19~1) may indicate changes of physical and chemical 

conditions of hydrothermal environment. In comparison with brown metalliferous layers the 

gray-ones are severely depleted in steranes and hopanes, although their maturity level is 

equally high (С31,32(S/S+R)~0.6 for hopanes and С27,28,29 ααα(S/S+R)~0.3÷0.6). The 

maximum of С22÷С26 n-alkanes and high content of C35-homologue detected in both types of 

anomalous section sediments suggests the input of bacterial OM and processes of its thermal 

polycondensation respectively.  
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Here, we report the discovery of novel, widely distributed isoprenoidal unsaturated 

glycerol dialkyl glycerol tetraethers (uns-GDGTs). Due to co-elution with saturated ring-bearing 

GDGTs and subsequent strong in-source degradation when employing the conventional protocol 

for core GDGT analysis, uns-GDGTs were previously overlooked. These problems now have 

been overcome by a newly established reverse phase liquid chromatography-electrospray 

ionization-mass spectrometry protocol (RP-ESI-MS; Zhu et al., submitted). Here, we employed 

RP-ESI-MS to characterize their environmental distribution and discuss their biogeochemical 

significance. 

Uns-GDGTs are widespread in the water column, sediments, peat bogs, and some archaeal 

cultures. Depending on settings, they account are either non-detectable or nearly as abundant as 

conventional saturated GDGTs. Of them, unsaturated acyclic caldarchaeol (GDGT0) bearing 1 to 

12 double bonds on the alkyl moieties comprise the principal unsaturated tetraether group (uns1-

12-GDGT0). To a lesser degree, GDGTs containing 1-2 cyclopentyl rings (GDGT1-2) also have 

been found with up to 4 double bonds (uns1-4-GDGT1-2; Fig. 1). In contrast, double bonds are 

absent from hydroxylated GDGTs (OH-GDGTs) in all analyzed samples (n ≈ 300). Uns1-GDGT0 

is the most widespread unsaturated tetraether lipid in diverse environments and its abundance 

largely co-varies with OH-GDGTs, indicating that dehydration of OH-GDGTs might be the 

major source of this compound. However, the occurrence of polyunsaturated-GDGTs seems to 

be independent from OH-GDGTs as the former exclusively occur in anoxic or suboxic settings 

and even become predominant with high unsaturation degree in active anaerobic oxidation of 

methane (AOM) systems, e.g., cold seeps and deep water from the Black Sea and Cariaco Basin. 
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However, polyunsaturated-GDGTs also occur in non-AOM zones, e.g., above or below the 

typical sulfate methane transition zone (SMTZ) in coastal sediments, but in much lower 

abundance and low unsaturation degrees.  

Based on our global observation of uns-GDGTs in over 300 samples from diverse settings, 

we tentatively suggest that their relative abundance and unsaturation degree may be sensitive to 

turnover and/or activity of archaeal communities in anoxic/suboxic settings. This hypothesis will 

be further examined during our presentation.  

 

 

Figure 1. Partial RP-ESI-MS chromatogram showing core GDGTs bearing cycloalkyl rings and 
double bonds from a Black Sea microbial mat (M72/2 322-152).   
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Biological production of methane (CH4) by methanogens is the terminal step in the 

degradation of organic matter in marine sediment. Methanogenic pathways are classified into 

three major types based on different carbon substrates: reductive methanogenesis that 

converts CO2 to CH4 with the aid of hydrogen, acetate fermentation that cleaves acetate into 

CH4 and CO2, and methylotrophic methanogenesis that converts the methyl group from 

methylated substrates to CH4. Substrates for the latter include methanol, methylamines 

(methylamine, dimethylamine, trimethylamine), and methylated sulfides (methanethiol, 

dimethylsulfide). As the least identified methanogenesis pathway in marine sediments, 

methylotrophic methanogenesis attracts special attention of microbiologists and 

biogeochemists because of the “non-competitive” nature of these methylated substrates 

(Oremland and Polcin, 1982). Consequently, methylated substrates have been proposed to 

account for a substantial fraction of methanogenesis in anoxic, sulfate-bearing estuarine 

(Oremland and Polcin, 1982) and deep-sea sediment (Mitterer, 2010). While activity and 

molecular studies have supported the presence of methylotrophic methanogens in different 

marine environments (Parkes et al., 2011), the significance of methylotrophic methanogenesis 

under in situ conditions remains unclear due to the lack of information on the abundance and 

distribution of methylated precursor compounds. 

This study provides the first comprehensive characterization of the natural abundance 

of major methylated substrates in anoxic coastal sediment. New analytical methods, which 

were based on a purge and trap pre-concentration step coupled to GC-FID or GC-MS, were 

developed for quantification of methanol, trimethylamine, and dimethylsulfide in pore water 

and sediment samples. We applied these methods to characterize the sediment from a 3-m 

gravity core in the Aarhus Bay, Denmark (Fig.1), where the sulfate-methane transition zone is 

located at ~160 cm below seafloor (cmbsf). While dissolved trimethylamine at most depths 

was below the limit of detection (LoD = 20 nM), the concentration of absorbed 

trimethylamine in sediment was relatively high (~2 µmol/kg) and constant with depth. The 
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combined, dissolved pool of dimethylsulfide and dimethylsulfoniopropionate (DMS(P)d 

hereafter) in the pore waters was small, but the total extractable dimethylsulfoniopropionate 

(DMSPt) was at least three orders of magnitude higher (~10 µmol/kg). Methanol 

concentrations were high in the pore waters with maximum values of ~10 µM observed at 

multiple depths (80, 165, and 250 cmbsf). These differences in concentrations between 

dissolved and particle-bound pools and among different substrates may reflect changes of 

available precursor substrates and/or the composition of the microbial community supplying 

and converting methanogenic substrates.  

 

 

Figure 1. Depth profiles of methane, sulfate, trimethylamine, DMS(P)d, DMSPt and methanol 
in pore waters and sediment, station M1, Aarhus Bay, Denmark. 

 
Further work including quantitative and isotopic analysis of DIC and acetate will be 

performed to assess the contribution of different pathways for methanogenesis. In addition, 

molecular information will be added to study how methanogen community structure relates to 

the relative importance of methanogenic pathways based on non-competitive substrates in 

marine sediments. 
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Living microbial mats from Shark Bay, Western Australia, are thought to provide 

excellent analogy with past environments and fossil stromatolites. Sulfurisation is known as a 

key process for the preservation of biolipids during the earliest stage of diagenesis  and 

sulfurised organic matter has been previously reported in stromatolites (Lepot et al., 2009). 

The formation of organic sulfur compounds (OSCs) requires the production of H2S by 

sulfate-reducing bacteria (SRB) and specific environmental conditions (Sinninghe Damsté 

and de Leeuw, 1990). In-situ measurements were made of sulfide and iron(II) distributions 

(mm-resolution) across a modern layered smooth mat from Shark Bay. The two-dimensional 

distributions showed suitable conditions for the formation of OSCs, with an iron(II) 

concentration below 50 µM and a sulfide concentration up to 500 µM.  

For the first time, the preservation pathway for several specific carotenoids has been 

discovered within a living, well-laminated, smooth microbial mat from Shark Bay. Fully 

reduced carotenoids from sulfur cycling organisms, Chlorobi and Chromatiaceae, were 

identified in the sulfur-bound fractions implying that H2S produced by SRB was the 

hydrogen donor (Hebting et al., 2006). Through an increase of alkalinity, SRB also promote 

the precipitation of carbonates which favours mat lithification and formation of microbialites 

(Reid et al., 2000). The carbonate-bound biomarkers from each layer of the mat showed a 
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predominance of long-chain n-alkanes. This biomarker signature was recently found in a 

chert old of 2.3 billion years old and was associated to the presence of SRB (van Kranendonk 

et al., 2012). These results demonstrate the initial preservation pathway for “living fossils” of 

early-life and provide evidence for a recent glimpse to the ancient past. 
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Recent evidence has demonstrated that inactive spores of thermophilic bacteria are 

supplied to cold marine sediments in surprisingly high numbers, possibly from leaky 

petroleum reservoirs in the deep biosphere (Hubert et al., 2009; de Rezende et al., 2013), 

which are well known habitats for spore forming bacteria (Nilsen et al., 1996; Tardy-

Jacquenod et al., 1998). Recent investigations of microbial processes involved in subsurface 

crude oil biodegradation (e.g. Jones et al., 2008; Sherry et al., 2012) have revealed an 

intriguing link between spores in cold sediments and the anaerobic crude oil-degrading 

biosphere. Pasteurized control microcosms were heated at 95°C for two hours prior to 

incubation with crude oil under sulfate-reducing conditions, and remarkably, significant 

alkane degradation was observed (Fig. 1). Related to this, 1-methylalkylsuccinate metabolites 

from anaerobic hydrocarbon degradation were detected in pasteurized microcosms at levels 

that were actually higher than in ‘live’ oil-degrading microcosms incubated under sulfate 

reducing conditions. These metabolites were absent in molybdate inhibited controls (Aitken et 

al., 2013). This demonstrates that pasteurization resistant, probably spore-forming, oil-

degrading sulfate-reducing microbes (SRM) are present in River Tyne sediments. 

The occurrence of Arctic thermo-spores putatively sourced from petroleum reservoirs 

and the occurrence of spore-forming hydrocarbon degraders in cold, temperate sediments 

together with the predominance of spore-forming bacteria in deep subsurface petroleum 

systems (e.g., Nilsen et al., 1996; Tardy-Jacquenod et al., 1998) have led to the broad general 

hypothesis that marine and estuarine surface sediments are seeded with a constant flux of 

spore-forming thermophilic and hydrocarbon degrading bacteria that may be derived from 

deep petroleum systems. This has implications for biogeochemistry in relation to the global 

distribution of biodegraded petroleum reservoirs and the intrinsic potential of anoxic 

sediments to cope with inputs of crude oil and hydrocarbons. 
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Figure 1. Crude oil alkane biodegradation in sulfate-reducing microcosms (standard errors 
from 3 replicate microcosm are plotted.  Error bars are often smaller than data symbols). Data 
are plotted as the ratio of GC peak areas of nC18 alkane to phytane (A). Biodegradation was 
observed in “live” (unpasteurized) and pasteurized microcosms, with the largest build-up of 

C7-C13 alkyl succinates detected in the latter (B) (light/dark shaded bars denote Codd and Ceven 
compounds). Less extensive oil degradation after pasteurization may be due to a low initial 
relative abundance of endospores of oil-degrading sulfate reducers in River Tyne sediment. 

Incubations were conducted at 25°C. 
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Widespread areas of the seabed in the southwestern Barents Sea are covered by 

pockmarks (Fig. 1). They are surface manifestations of fluid venting and, therefore, of 

considerable interest as possible indicators for deeper hydrocarbon reservoirs. In addition, 

they form specific habitats for microbial communities. The pockmarks and the associated 

microbial ecosystems are in the focus of the current study using biogeochemical and 

microbiological approaches. 

42 surface sediment cores of up to 2.5 m length were taken in the Loppa High area of 

the Barents Sea during two research cruises in 2009 and 2011, funded by the Swedish oil 

company Lundin. For comparison cores were taken inside and outside of the pockmark 

structures. 

The analysis of methane within the sediment cores of these pockmarks reveals only 

marginal amounts of gas, indicating that at present these pockmarks are more or less inactive. 

Also microbial activity is astonishingly low in the entire sampling area as indicated by low 

sulfate reduction rates. Processes like anaerobic oxidation of methane (AOM) can be excluded 

for the surface interval since methane concentration and net sulfate consumption are very low.  

Different biomarkers have been analyzed as indicators for fossil hydrocarbons (e.g. n-

alkanes, hopanoids and steranes), or past microbial populations (glycerol dialkyl glycerol 

tetraethers (GDGTs)). Biomarker profiles do not show significant differences between 

pockmark and reference sites. This infers that fluid flow through the present pockmarks is 

currently not taking place supporting their inactivity.  

Thus, the results show that the observed pockmarks are rather relicts of paleo-seepage 

than indicators for active fluid flow. Together with seismic data on the lithological structure 

(Chand et al., 2012) and age assessments on foraminifers (Pau et al., submitted) the data 

suggest that the pockmark formation is most likely related to paleo-events of decaying gas 

hydrates induced by the pressure release from the melting ice shield during last deglaciation, 

approx. 13ka B.P. (Nickel et al., 2012). 
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In a third research cruise to the western border of the Loppa High (Bjørnøyrenna Fault 

complex) in the SW Barents Sea, undertaken in November 2012, sediment cores from 

pockmarks that exhibit active fluid flow were gathered. In total 8 additional short cores (up to 

25 cm length) were retrieved from the sediment of different pockmarks. During sampling, 

methane gas bubbles, leaking out of the sediment, could be observed. Additionally, a strong 

hydrogen sulfide smell was noticed during the subsampling of the cores. Together with the 

seeping methane this suggests that sulphate reduction as a consequence of anaerobic oxidation 

of methane in the sediment is taking place (Boetius et al., 2000).  

Different microbial and fossil hydrocarbon biomarkers are currently being analyzed to 

investigate the active fluid flow and the associated microbial communities in the pockmark 

sediments. These results will be compared and integrated with the data from the inactive sites 

to improve our understanding on the formation of sea floor pockmarks in the SW Barents Sea.  
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Golfo Dulce is a 200 m deep fjord-like enclosure located in Costa Rica. It is physically cut off 

from mixing with the Pacific Ocean by a sill at 60 m depth, which promotes the occurrence of anoxic 

conditions within the basin. There are three distinct chemical zones in the water column (Fig. 1): 1) an 

oxic zone (surface to 40 m), 2) an oxic to nitrogenous transitional zone (40 – 110 m), and 3) an anoxic 

zone (below 110 m) (Ferdelman et al., 2006). Apart from a few meters above the sediment surface 

where very low concentrations of sulfide may accumulate, Golfo Dulce is a non-sulfidic, anoxic basin 

containing nitrate-rich water. This makes it an ideal to study (bio)geochemical interactions under 

redox conditions that were likely prevalent throughout extensive periods of Earth history. Specifically, 

we used lipid biomarkers to investigate aerobic methane oxidation (bacteriohopanepolyols, BHPs; 

Cvejic et al., 2000) and anaerobic ammonium oxidation (ladderane fatty acids; Sinninghe Damsté et 

al., 2002).  

Anaerobic ammonium oxidation (anammox) is an important process in the marine nitrogen 

cycle, and has been reported previously in the anoxic Golfo Dulce water column (Dalsgaard et al., 

2003) and sediments (Schmid et al., 2007). Ladderane fatty acid profiles confirmed the presence (and 

probable activity) of anammox bacteria, which appears to be most active in zones 2 and 3 (Fig. 1a).  

BHP analysis revealed the presence of aminotetrol (II) and aminopentol (III), both associated 

with aerobic methane oxidising (AMO) bacteria (van Winden et al., 2012). The distribution of these 

lipids differs between Type I and Type II methanotrophs (e.g. aminopentol is produced primarily by 

Type I methanotrophs). The relative dominance of aminopentol in Golfo Dulce surface sediments (Fig. 

1b) suggests that type I methanotrophs are the dominant AMO bacteria throughout this basin. Type I 

methanotrophs are adapted to using low concentration of methane. AMO seem to be most active in 

zone 2 at 77 m depth, where methane may reach the oxic sediment surface and water column from 

methanogenesis occurring in the anoxic waters and sediments below. 

Interestingly, the stereoisomer of a ubiquitously produced BHP, bacteriohopanetetrol (BHT; 

IV), which has been associated with anoxic environments (Sáenz et al., 2011), is also present in the 
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deeper surface sediments (Fig. 1c). The biological source of BHT isomer is unknown. However, its 

presence in these samples coincides with the presence of biomarkers associated with anammox 

bacteria, a known hopanoid producer (Sinninghe Damsté et al., 2004). The link between anammox 

bacteria and the BHT isomer will be further investigated. 

 
Figure 1. Ladderane and BHP concentrations in surface sediments (0-1 cmbsf) deposited at 
different water depths in Golfo Dulce. Examples of biomarkers used in this study: ladderane 

fatty acid (I), aminotetrol (II), aminopentol (III), and BHT (IV). 
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Marine sediments are key components of the global carbon cycle and climate system 

(e.g. Arthur et al., 1988; Berner and Canfield, 1989; Mackenzie et al., 2004; Ridgwell and 

Hargreaves, 2007). They constitute the only long-term sink for atmospheric CO2 and 

represent one of the most important climate archives on Earth. Biogeochemical processes in 

marine sediments are thus essential for our understanding of the global biogeochemical cycles 

and climate. The degradation of organic matter (OM) is the engine behind this benthic 

biogeochemical cycling. This process controls, among others, the recycling of inorganic 

carbon and nutrients, the dissolution of carbonates, the flux of organic carbon to the deep 

biosphere, the formation of hydrocarbon reservoirs and, ultimately, the long-term burial of 

carbon in the sedimentary record and, thus, the net CO2 removal from, and oxygen input to, 

the atmosphere. As a result, our ability to identify the factors that control OM degradation in 

marine sediments and quantify its rates is key to our understanding of the Earth system.  

The rate of benthic OM degradation depends on the reactivity of the depositing 

material and is, thus, closely linked to organic matter production, transport and alteration in 

the water column (e.g. Cowie and Hedges, 1992; Mollenhauer et al., 2005). In addition, a 

range of other factors, such as electron acceptor availability (e.g. Canfield 1994), benthic 

community composition (e.g. Arnosti 2011), microbial inhibition by specific metabolites (e.g. 

Aller and Aller, 1988), priming (e.g. van Nugteren et al., 2009), physical protection (e.g. 

Mayer et al., 1995) deposition rate (e.g. Müller and Suess 1979) or macrobenthic activity (e.g. 

Aller 1982), also control the apparent reactivity of OM. Organic matter reactivity is thus not 

only determined by the seasonally variable mix of allochthonous and autochthonous organic 

carbon compounds, but also by the specific characteristics of the depositional environment. 

As a consequence, no general, mechanistic framework exists that unambiguously relates OM 

reactivity to the environmental conditions. The lack of such a framework currently represents 

a serious limitation for diagnostic and prognostic analyses, especially in regional and global 

scale applications.  

Here we aim at closing this knowledge gap by quantitatively exploring the link 

between OM reactivity and OM character. We apply inverse reaction-transport modelling 

techniques to derive apparent organic matter reactivity from pore water and solid sediment 

depth profiles collected at coastal sites in Aarhus Bay and the Arkona Basin, as well as along 

a SE Atlantic transect at 40ºS. Modelled OM reactivity is then compared to a range of OM 

characteristics for these same sediments, including elemental composition, radiocarbon age, 
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and biomarker distributions which are used to assess the relative significance of algal, 

terrestrial and bacterial organic matter inputs, as well as their evolution with sediment depth. 

All document inputs from a range of labile and refractory pools of terrestrial, marine and to a 

lesser degree bacterial source, although the relative proportions of these pools vary 

significantly.  For example, the N European margin sediments comprise significant, in some 

cases even dominant, terrigenous OM inputs, whereas the SE Atlantic sediments are 

dominated by marine-derived OM.  Model-derived apparent organic matter reactivity show 

variable, but comparably high values that generally characterize organic matter from shelf 

sediments. To a first order, the relative contributions of terrestrial vs marine OM dictates the 

overall reactivity; however, secondary controls can become dominant in some settings.  For 

example, in the SE Atlantic transect, OM becomes less reactive with increasing distance 

down the slope and into the basin despite still being derived from algal sources.  

A combination of these two quantitative data sets allows the exploration of 

quantitative links between OM reactivity and its sources and transport pathways. This new 

quantitative knowledge represents a promising step towards the development of a mechanistic 

framework that unambiguously relates OM reactivity to the environmental conditions.  
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Natural sediments contain different inorganic and organic matter, the influence of 

which to human organisms is not yet clear even today [1]. Of natural organic matter, the 

sediments contain biologically active humic substances, which are, for example, an important 

part of soils. These complex compounds are formed on decomposition of plants and the 

organisms that fed on them. Their chemical composition and content is different and related 

to the geographical location of the sediment [2]. Earlier studies have revealed that the content 

of different fractions in humic substances depends on the origin of the sediment [3]. It has 

also been found that humic and fulvic acids correlate with the content of organic matter [4]. In 

addition to humic substances, more attention has been turned recently to lipids and 

determination of their different biomarkers. Chemical effects of the mud species could be 

attributed not only to hydrophilic components of the mud, but also lipophilic components may 

contribute to this effect [5]. 

The aim of the study was to compare natural sediments from coastal lagoons from 

Saaremaa, Häädemeeste and Võiste areas in the Pärnu County (Estonia), and from Gotland 

(Sweden) with certified healing muds from Estonia. For chemical characterisation the sample 

dry weight, the content of organic matter, lipids and humic substances from two fractions 

were measured. Since the depth of the mud layer in Gotland was mostly up to 10 cm, the 

properties of the top layers in all sampling points were compared. The aforementioned 

properties were chosen for the preliminary assessment on the suitability of the sediments as 

healing mud. 

The water content in the sediments from the Saaremaa coastal lagoons is generally 

high extended up to 95%. The water content in the sediments from the lagoons in Pärnu 

County is not high, between 40-80%. The samples from Gotland contained less water, and 

their water content was between 30-70%. 

Saaremaa coastal lakes are characterised by a higher organic matter content, over 10% 

from the sediment dry weight. In some cases it was up to 40%. The coastal lagoons in Pärnu 

County contain less organic matter, up to 10% in most cases. The sediments from Gotland 

contained less organic matter, mostly less than 5% of the dry weight. 
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Highest lipid concentration is in the top layers of the sediment. Higher values were in 

some lagoons from Saaremaa – 1.2% of the sediment dry matter. Sediment from Pärnu 

County contain up to 0.4% and sediments from Gotland up to 0.2% of lipids. There is s linear 

correlation between the organic matter and lipid content (R2 = 0.8365). 

In the sediment of marine origin the content of soluble humic substances (humic and 

fulvic acids) is low, amounting only a few per cent of the dry weight. The greatest proportion 

of them is that of the humic acid fraction. In Gotland sediments, the humic acid content was 

below 9 mg/g in sediment dry matter. The humic acid content is linearly related to the lipid 

content (R2 = 0.8685). The Pärnu County’s coastal lagoons that contained the most of lipids 

also showed the highest levels of humic acids. The highest humic acid content was in the top 

layer sediment in one of coastal lake on Saaremaa − 40 mg/g. 

Previous studies have determined that the humic acid fraction contains compounds 

with high molecular mass and also bioactive compounds that appear to have different positive 

effects on the human body are in this fraction [1]. However, it has not been determined how 

high the humic substance level should be to classify the sediment as healing mud. Since there 

are no specific standards regarding the biochemical composition the healing mud, only some 

specific bioactive compounds were determined.  

This work was supported by Central Baltic INTERREG IVA Programme and by the 

Regional competence centre development programme, European Regional Development Fund. 
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Some prokaryotes can synthesize wax esters to store energy and carbon as a hedge 

against starvation as they grow on various substrates (Rontani, 2010). The molecular 

composition, chain length, degree of unsaturation, and extent of branching of wax esters 

depends on the types of substrates and synthesizing organisms (Ishige et al., 2003). Only 

limited data have been reported on bacterial wax esters from fresh water environments. In our 

previous study we identified C28-C34 wax esters in Danube River sediments and described 

their isomeric distribution, based on the analysis of one selected sample (Micić et al., 2011). 

The present study documents variations occurring downriver and with increasing sediment 

depth. It is complemented by a molecular microbiological study, aiming at the identification 

of microbial communities and bacteria possibly responsible for wax esters synthesis. The 

investigated sediments derive from ten locations along a ca. 200 km long middle Danube 

segment and a 70 cm long sediment core. 

Wax esters in the C28–C34 range were identified in majority of the surface sediments 

and all core sediments. They consist of normal, iso, anteiso series of aliphatic acid and 

alcohol moieties with different isomeric distributions for compounds with odd and even 

carbon numbers. Among the even carbon number wax esters, normal chains predominate, 

while among those with odd carbon numbers, compounds containing one or two iso and 

anteiso moieties are more abundant. 

Wax esters in surface sediments show concentrations that vary from 0 to 741 µg kg-1 

(Fig. 1A) and are mostly C30-C32 compounds. A significant enrichment of wax esters was 

recorded at three locations in sediments enriched in the n-C17 alkane, as well as organic 

nitrogen and/or total phosphorous. This implies enhanced primary productivity at these 

locations, probably triggered by high nutrient inputs. 
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Figure 1. (A) Variations of wax ester concentrations at ten locations along the investigated 
stretch of the Danube River (L, R=left and right river channel); (B) Log-transformed wax 

ester concentration versus sediment depth. The sediment core is from the middle of the river 
channel at location 10. 

 
In the sediment core, wax esters were found to decrease significantly with depth, 

down from a maximum of 93 µg kg-1 sediment in the surface sample.  Among the finer-

grained samples, this downcore decrease in wax ester concentrations appears to follow first-

order kinetics (Fig. 1B). Distributions of wax esters in these finer sediment samples appear to 

be fairly similar, with all C28–C34 compounds present, dominated by C31. Conversely, in the 

coarse silts the wax ester distributions are altered significantly, having C30, C31, C32, and C34 

compounds at the depth of 55–60 cm, and only C32 and C34 compounds at 60–65 cm depth, all 

at very low concentrations. 
137Cs dating  (Maringer, 2008) suggested that the core sediments are less than three 

years old and are well mixed. This implies a very rapid diagenetic and/or biological 

degradation of wax esters in young fluvial sediments and an unlikelihood of preservation in 

the geological record. 
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Permafrost environments of the northern hemisphere preserve 50% of the global 

belowground stored organic carbon (Tarnocai et al., 2009). Soil organic matter (OM) in the 

high northern latitudes is sensitive to climate change (Schuur et al., 2008) and Arctic regions 

are particularly affected by the currently observed and predicted rise in atmospheric and soil 

temperatures (IPCC, 2007). This warming will cause a further destabilization of permafrost 

deposits and increase the re-distribution of terrestrial OM to the Arctic Shelf, by erosion of 

coastal areas and/or transportation of the major Arctic rivers. To advance our understanding 

of the export and deposition/degradation of soil OM by the easternmost Great Russian Arctic 

Rivers to the East Arctic Shelf, this works aims to track microbial biomarkers along a 

terrestrial-estuarine-marine transect and determine its fate after remobilization.  

The Lena River Delta, in northeast Siberia, is the largest delta within the Arctic land 

masses with an area of approximately 29,000 km² and located in the zone of continuous 

permafrost. The Lena River, which feeds the delta is largest river in East Siberian region, 

with a discharge of 16,000 m3/s. Surface sediment samples in the Bour-Khaya Bay, east of 

the Lena River Delta, were collected during the International Siberian Shelf Studies 2008 

(ISSS-08) expedition. To investigate the composition of the OM and to trace the soil OM 

throughout the Bour-Khaya Bay, the distribution and diversity of bacteriohopanepolyols 

(BHPs) was analyzed. Overall, the total abundance of BHPs range from 9 – 43 µg/g sediment, 

with similar distribution patterns throughout the bay. Bacteriohopanetetrol (BHT) was the 

most abundant BHP in the shelf sediments and accounts for ~ 40% of all analysed BHPs. 

Additionally, BHPs of the soil group (Adenosylhopane and related structures; Zhu et al., 
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2011) were abundant in all analysed shelf sediment samples with contributions ranging 

between 30 and 40% of the total BHPs, indicating significant amounts of microbial derived 

soil OM transported from the surrounding permafrost and deposited within the Bour-Khaya 

Bay. Consequently, the Rsoil (Zhu et al., 2011), used as a proxy to quantify soil OM on the 

Arctic shelf show values ranging from 0.31 to 0.41. These are substantially lower if 

compared to the estuary sediments from other, non-permafrost dominated river systems (Zhu 

et al., 2011; Doğrul Selver et al., 2012). However, recent analyses of terrestrial permafrost 

deposits (Yedoma) from the Lena watershed that can be considered terrestrial end-members 

indicate likewise low Rsoil values (0.30 - 0.65), explaining the overall low Rsoil values in the 

Bour-Khaya Bay. Using this novel approach, we will present new data of the major estuaries 

of the easternmost Great Russian Arctic Rivers and the East Siberian Shelf. 
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Approximately half of the global soil organic carbon can be found in the Arctic 

permafrost. This is one of the global climate vulnerable carbon pools and warming may cause 

an increase in active layer depth, enlargement of taliks and general decrease in permafrost 

volume. There is already evidence for increasing river discharge in these regions and studies 

suggest that this can also affect the release and decomposition of the soil organic carbon (soil 

OC) eventually causing an increase in the  release of greenhouse gases such as CO2 and CH4. 

Therefore, it is important to better understand the fate of the soil OC in the marine 

environment, especially at a molecular level since earlier studies mainly focused on bulk 

proxies (e.g. 13C and C/N ratio). However, information about the behaviour and fate of this 

OC on a molecular-level in the Arctic region is currently limited.  

In this project, microbial membrane lipids, i.e. Glycerol Dialkyl Glycerol Tetraethers 

(GDGTs), were used to trace soil OC in the Arctic Region. Surface sediment samples, 

collected during the International Siberian Shelf Study-2008 expedition, from the Kolyma 

River Transect (Fig. 1A) were analyzed for their GDGT compositions and the associated 

Branched and Isoprenoid Tetraether (BIT; Hopmans et al., 2004) index was derived.  

Results showed that crenarchaeol concentration increased (95 to 354 µg/g TOC) while 

total branched GDGT concentrations decreased (37 to 9 µg/g TOC) along the transect and 

these changes were also reflected in a decreasing BIT index (from 0.28 to 0.02). BIT and 

13COC (obtained from Vonk et al., 2010) indices strongly correlated (r2=0.74), suggesting a 

shift from soil OC dominated to more marine dominated systems in an off-river direction (Fig. 

1), comparable to recent observations for a sub-Arctic transect in the Bothnian Bay (Doğrul 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 444 -



Selver et al., 2012). In addition, comparison of both BIT index and branched GDGT 

concentrations with the results of terrestrial end-member samples obtained from the Kolyma 

basin suggested that at least 70% of the branched GDGTs were degraded in the first 100 km 

of the transect.  

These results are in line with other recent studies (Vonk et al., 2010, 2012; van 

Dongen et al., 2008; Semiletov et al., 2012), indicating that a substantial amount of terrestrial 

derived OC transported to the (sub)-Arctic shelf systems behaves non-conservatively and is 

degraded close to the point of origin. 

  

 

Figure 1. (A) Map of Kolyma River with closed circles denoting the locations of samples 
obtained during ISSS08; (B) Plot of BIT, 13C vs distance from Kolyma River mouth and; 

(C) Correlation plot of BIT vs 13COC.  
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Molecular biomarkers preserved in sediments are now commonly used as tools to 

unravel paleoenvironmental changes (Meyers, 1997; Rommerskirchen et al., 2003; Killops 

and Killops, 2005). As for any other descriptor of sedimentary series, a recurrent question is 

the regional representativeness of a given record/outcrop at a specific location compared to 

another. In the continental realm, this problem must be taken into account considering the 

potential heterogeneity of terrestrial surfaces. One must thus consider whether any 

environmental changes recorded account for local, regional or global changes. 

Here we report on the evolution of several higher plant biomarkers detected in 

terrestrial sediments deposited in two sites of the Dieppe-Hampshire Basin (Vasterival and 

Phare d’Ailly), distant from about 1 km, that record the negative Carbon Isotope Excursion 

(CIE) characteristic of the Paleocene Eocene Thermal Maximum (PETM; 55.8 Ma). These 

sediments were deposited in a coastal swamp and are characterized by alternations of lignites, 

organic-rich clays, marls and paleosols that attest to contrasted depositional environments. 

The distinct sedimentary succession at the two locations is indicative of lateral facies 

variations. 

Lipids were extracted from dried and powdered samples. The aliphatic hydrocarbon 

fraction was isolated by flash chromatography and then analyzed by GC-MS. n-alkanes are 

the dominant components and are accompanied by tricyclic diterpenes, des-A-triterpenes, 

hopanes and fernenes, among others. The Paq ratio and the Average Chain Length (ACL) 

were calculated from n-alkanes concentrations. More specific biomarkers were grouped in 

accordance with their origin (i.e. angiosperm, fern and gymnosperm). 
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At both sites, the ACL shows a peak just before the P-E boundary, a decrease at the 

base of the CIE and a second increase at the end of the swamp deposits. On the other hand, 

Paq ratio evolution is significantly different in the 2 sites, suggesting that this ratio is primary 

influenced by local factors.  

Fern biomarker show very similar evolution for the 2 sites with 2 peaks of 

concentration: slightly below the CIE, and at the top of the terrestrial sediments. For both sites, 

gymnosperm biomarkers also show a peak of concentration before the CIE that is correlated 

to the peak of fern biomarkers, and a second peak at the top of terrestrial sediments, but few 

centimeters below the second peak of concentration of fern biomarkers. Angiosperm 

biomarkers are more abundant than gymnosperm and fern biomarkers in both sites. They also 

exhibit similar evolutions marked by a peak of concentration correlated to the second peak of 

gymnosperms biomarkers as well. 

Our results indicate that biomarkers changes recorded during the PETM in these two 

sites are not only related to local processes, but attest to regional changes. Considering the 

highly variable depositional environment in a coastal swamp, this study suggests that 

molecular records are, in our case, not dependent on sedimentary facies. 
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Aerobic methane oxidising bacteria (methanotrophs) are important due to their role in 

the removal of methane from terrestrial and aquatic environments thereby attenuating 

methane emissions (Dunfield et al., 2007) and attendant global climate forcing. 

Methanotrophs produce a highly characteristic group of lipids called bacteriohopanepolyols 

(BHPs), ideal biomarkers with which to study aerobic methane oxidation in past and present 

environments (e.g. van Winden et al., 2012). However, demonstration of a direct link between 

methanotroph diversity and function and rates of BHP production, abundance and 

composition under different environmental conditions, currently remains tentative. This study 

aims to investigate relationships between methanotrophs and their characteristic BHPs in a 

modern estuarine environment subjected to environmental perturbations. 

Aerobic microcosms inoculated with River Tyne estuarine sediment as a source of 

methanotrophs, were amended with 5% methane in the headspace. Control microcosms 

consisted of heat-killed, methane amended microcosms and unamended microcosms to 

monitor background levels of methane in the sediment. Microcosms were subjected to a range 

of additional environmental perturbations; temperature (4-60°C), pH (4-9), CH4 concentration 

(0.1-5%) and salinity (1-150 g L-1 NaCl incubated at 21°C and 40°C). Methane consumption 

was monitored over time in all microcosms using GC-FID. Methanotroph diversity was 

assessed in microcosms using PCR-DGGE of particulate methane monoxygenase genes 

(pmoA), with subsequent band excision and DNA sequencing. 

Different genera of methanotrophs actively oxidised methane across a broad range of 

temperatures (4, 8, 15, 21, 30, 40, 50°C), pH conditions (pH 4, 5, 6, 7, 8, 9), methane 

concentrations (0.1, 0.5, 1, 5%) and salinities (1, 15, 35, 70 g/L NaCl at both 21°C and 40°C). 

A succession in methanotroph diversity was seen in response to temperature with 

Methylovulum sp. dominating at 4, 21 and 30°C, Methylobacter sp. dominating at 40°C, and 

the thermophilic Methylocaldum sp. dominating at 50°C (Table 1). Methane concentration did 

not appear to have an effect on methanotroph diversity in sediment microcosms, with a 

dominance of Methylovulum sp. followed by Methylomonas sp. present in microcosms at all 
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methane concentrations tested (Table 1). Whereas under conditions of higher salinity (35 and 

70 g L-1 NaCl) or alkaline pH (pH 9), Methylomicrobium sp. was present as the dominant 

methanotroph (Table 1). 

Recently, Methylovulum sp. isolated from acidic peat moss have been shown to 

produce a range of mono-unsaturated BHPs, in addition to those BHPs which are more 

characteristic of Type I methanotrophs, such as aminopentol (Table 1).  Methylocaldum sp are 

also known to produce aminopentol as well as the rarer compound 3-methylaminopentol, 

whereas the BHP composition of Methylobacter sp. still remains to be elucidated. This study 

has therefore established a framework within which we can now assess how the BHP 

compositions of estuarine methanotrophic communities may change in response to a selection 

of environmental conditions.  
 

Table 1.  Methanotroph diversity in aerobic methane-oxidising microcosms subjected to a 
range of environmental conditions and related BHP compositions. 

Microcosm conditions from which methanotrophs 
were identified via pmoA  PCR-DGGE and DNA 

sequencing of dominant bands
Methanotroph BHP composition

4°C, 21°C and 30°C                                                         

0.1%, 0.5%, 1% and 5% CH4                                                              

pH 6, pH 7, pH 8                                                              

1 g L
-1 

NaCl

Methylovulum  sp 35-aminobacteriohopanetriol (aminotriol), aminotetrol, 
aminopentol, aminotriol with unsaturation in the side 

chain, ∆
11 

aminotetrol and Δ
11

 aminopentol                    
(van Winden et al., 2012)

30°C and 40°C                                                                 
pH 4, pH 5, pH 9                                                              

1 g L
-1 

NaCl

Methylobacter  sp. Unknown - not yet tested

50°C Methylocaldum  sp. 35-aminobacteriohopanetetrol (aminotetrol), 
aminopentol, 3-methylaminotetrol, 3-

methylaminopentol,  Δ
11

3-methylaminopentol               
(Cvejic et al., 2000)

pH 5, pH 6, pH 7, pH 8                                                   

0.1%, 0.5%, 1% and 5% CH4                                                              

15 g L
-1

 NaCl                                                                    

1 g L
-1 

NaCl at 40°C  

Methylomonas sp. 35-aminobacteriohopanetetrol (aminotetrol), 
aminopentol (Talbot et al., 2001)

pH 9                                                                                  

35 g L
-1

 NaCl at 21°C and 40°C                                     

70 g L
-1

 NaCl at 21°C and 40°C

Methylomicrobium sp. 35-aminobacteriohopanetriol (aminotriol), aminotetrol 
(Talbot et al., 2001)

Methane addition to headspace of microcosms was 5%,  except where indicated.

Nutrient medium in microcosm enrichments was pH 7.5 ±0.7 with 7g L
-1

 NaCl and incubation at 21°C, except where indicated.  
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In the course of the investigation of the lipidic content of buried alder wood found in a 

palaeochannel of the Rhine, we have detected a predominant compound which has previously 

been tentatively identified by Bakar et al. (2011) in a Malaysian lake sediment as well as by 

Stefanova et al. (2011) in Late Miocene lignites from Bulgaria. Its mass spectrum is 

characterized by a molecular ion at M+ 342 and fragments at m/z 300, 123 (Fig. 1a). Based on 

the tentative interpretation of the mass spectrum and on the high abundance of friedelin 1 in 

the investigated samples, Bakar et al. (2011) and Stefanova et al. (2011) proposed the 

structure of A-nor-friedel-8-en-10-one 2 for this compound (Fig. 1b) which was postulated to 

derive from friedelin 1 by diagenetic transformations (oxidation/ photochemistry) involving 

the loss of ring A. However, following the present study, we estimated that the structure of the 

novel compound needed to be reassessed, since alder is not known to biosynthesize friedelin 

1, but other rearranged triterpenoids from the oleanane series such as glutinol and taraxerol. 

To this aim, the latter compound was isolated from lipid extract from the buried alder wood 

by a chromatographic sequence comprising fractionation on a silica gel column and by 

reversed phase high performance liquid chromatography. The isolated compound (<1 mg) 

was unambiguously identified as a tetracyclic ketone 3 (Fig. 1c) by NMR investigations 

comprising 1D 1H- and 13C spectrum as well as 2D homo- (1H-1H, COSY and NOESY) and 

heteronuclear (1H-13C, HMBC and HSQC) correlation experiments.  

From its structure, it appears that compound 3 is a tetracyclic ketone related to 

rearranged triterpenoids from the oleanane series which has lost ring A, and which is clearly 

different from the tentative friedelin-related structure reported by Bakar et al. (2011) and 

Stefanova et al. (2011). The identified structure shows the presence of an uncommon ketone 

functionality at C-21 (Fig. 1c) and the lack of a methyl group at C-13 (Fig. 1c) normally 

present in the case of rearranged triterpenoids from the oleanane series. This suggests that 
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compound 3 could derive from a very specific rearranged triterpenoid precursor already 

bearing an oxygenated functionality at C-21 and with a functionalized C-27 methyl group at 

C-13 favoring the loss of C-27 during diagenetic alteration. Fig. 1c shows an example of a 

potential biological triterpenoid precursor 4 identified from a Southeast Asian plant 

(Gunatilaka et al., 1983) with the adequate structural features expected for a precursor of 3. 

Further studies, however, showed that the C-27 hydroxy group of 4 is in fact located on C-26 

(Gunatilaka et al., 1993). A precursor molecule such as 4 has not yet been reported from fresh 

alder wood, not even from the most common woody angiosperms living under our latitudes. 

The process leading to the loss of ring A is also unprecedented and differs from the classical 

process operative on non-rearranged triterpenoids and leading to the loss of ring A (e.g. Wolf 

et al., 1989). 

 

Figure 1: a) Mass spectrum (EI, 70 eV) of novel tetracyclic ketone; b) Erroneous structure (2) 
and diagenetic relationship with friedelin 1 proposed by Bakar et al. (2011) and Stefanova et 
al. (2011) for 2; c) Reassessed structure of tetracyclic ketone 3 and relationship with potential 

triterpenoid precursor (4). 
 
REFERENCES: 
 
Bakar, N.A., Tay, K.S., Omar, N.Y.M.J., Bin Abas, M.R., Simoneit, B.R.T., 2011. The 

geochemistry of aliphatic and polar organic tracers in sediments from Lake Bera, 
Malaysia. Applied Geochemistry 26, 1433-1445. 

Gunatilaka, A.A.L, Nanayakkara, N.P.D., Sultanbawa, M.U.S, 1983. Studies on terpenoids 
and steroids. Part 1. Structures of six novel 27-hydroxy and 6-hydroxy di- trioxygenated 
D/A-friedo-oleanane triterpenes from Kokoona zeylanica. Journal of the Chemical 
Society, Perkin Transactions 1, 2459-2469. 

Stefanova, M., Ivanov, D.A., Utescher, T., 2011. Geochemical appraisal of palaeovegetation 
and climate oscillation in the Late Miocene of Western Bulgaria. Organic Geochemistry 
42, 1363-1374. 

Gunatilaka, A.A.L, Dhanabalasingham, B., Karunaratne, V, Kikuchi, T, Tezuka, Y., 1993. 
Studies on terpenoids and steroids. Part 27. Structure of D/A-friedo-oleanane triterpenoid 
from Salacia reticulata and revision of the structures of kokoonol and kokzeylanol series 
of triterpenoids. Tetrahedron 49, 10397-10404. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 451 -



CARBON BIOGEOCHEMISTRY DURING THE DEPOSITION OF CARBONATES 
IN A HYPERSALINE LAGOON, SOUTHEASTERN BRAZIL 

 
Raphael PIETZSCH* and Igor Viegas Alves Fernandes de SOUZA 

 
1. Cenpes/Petrobras.Cidade Universitária, Rio de Janeiro, RJ, Brazil – CEP 21941-915 

*) Corresponding author: pietzsch@petrobras.com.br 
 

The study of present environments that may be similar to ancient conditions is 

paramount for the understanding of the geological record, as states the uniformitarian 

principle. There may not be a perfect analogous to a given past condition, though, but the 

comprehension of some processes operating in modern environments can help to fill the gaps 

in our knowledge in a broader scale. Thus, in order to better understand the formation and 

predict the distribution of continental carbonate reservoirs deposited essentially in lacustrine 

environments we focus on a hypersaline lagoon where the conditions are restricted and a 

microbial biota responsible for the precipitation of carbonates thrives (Van Lith et al., 2003). 

A 60 cm long core from Recent sediments was collected in the Brejo do Espinho 

Lagoon, located in the southern domain of the Rio de Janeiro Coastal Plain, Brazil. The 

sediments from this lagoon consist essentially of carbonate mud and dolomite, and 

subordinated organic matter (OM). The core was divided in thirty nine samples, nearly one 

sample at each 1.50 cm. The samples were analysed for the carbon isotopic ratio of the OM 

(δ13Corg) and of the carbonate (δ13Ccarb), the oxygen isotopic ratio (δ18O) of the carbonate and 

total organic carbon (TOC) and total sulphur content. The δ13Ckerogen and the δ13Cextract were 

obtained in aliquots covering larger intervals. 

The results obtained show that the carbon isotopic ratios follow a similar trend in both 

the OM and in the carbonate fraction. The δ13Ckerogen and the δ13Cextract have a slightly lower 

resolution than that represented by the other results. Nevertheless, they present a similar trend 

to that of the δ13Corg. The δ18O shows the opposite trend, nearly a mirror image of that of the 

carbon isotopic ratios. It is also possible to observe that around the last 15 cm the sediment is 

particularly enriched in TOC and sulphur (Figure 1). 

The δ13C of the kerogen and of the extract visibly show a shift between them, with the 

former reflecting heavier composition, whilst the latter exhibits lighter values. This is to be 

expected, since the extract consists of soluble organic matter, such as n-alkanes which are 

typically lighter in composition with respect to the kerogen (Gaines et al., 2009). The total 

OM and the carbonate fractions show mainly on the intermediate portion lighter δ13C values, 

which tend to become heavier to the top of the sediment. According to previous studies (Van 

Lith et al., 2002; Van Lith et al., 2003; Sánchez-Román et al., 2009), sulphate-reducing 
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bacteria induce Mg-calcite and dolomite precipitation and this process is responsible for the 

low δ13C values seen in the carbonate fraction, since it oxidises OM to bicarbonate. Thus, the 

δ13Ccarb is basically reflecting the relative budget of light carbon available to the OM, which is 

consumed to produce the bicarbonate. The δ18O values and the sedimentary facies reinforce 

this assumption. A brecciated stromatolitic facies corresponds to the higher δ18O, both of 

which are suggestive of greater aridity. The restriction would justify the prevalence of OM 

derived from photosynthetic organisms relative to other inputs, and this would in turn explain 

the lower δ13Corg values. Additionally, the larger deposition/preservation of OM occurred 

prior to this more restrictive period. It suggests that either the accumulation was greater in that 

time or that the conditions that were established above favoured its preservation. 

 

Figure 1. Profiles of δ13Ckerogen, δ
13Cextract, δ

13C of the total organic matter, and δ13C and δ18O 
of the carbonate, Total Organic Carbon (TOC) and Total Sulphur. The data from the isotopic 

ratios of the kerogen and of the extract were obtained from samples comprehending larger 
intervals than the remainder of the data. 
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Continental shelves form a crucial interface between the land and the ocean, receiving 

organic carbon inputs from both reservoirs.  These systems account for ~90% of global 

organic carbon in the modern oceans (Hedges and Keil, 1995), however, considerable 

uncertainty remains concerning the source and fate of organic carbon delivered to and 

produced over continental shelves. In particular, controls on spatial variability in the content 

and composition of sedimentary organic matter on continental shelves remain the focus of 

on-going investigations (e.g., Schmidt et al., 2010; Vonk et al., 2012). In addition to the 

magnitude and nature of organic matter supply from terrestrial sources and from surface water 

productivity, there is strong evidence that hydrodynamic processes and physical protection 

mechanisms play a critical role in influencing dispersal redistribution and eventual burial of 

organic matter on the continental shelf (Keil et al., 1994;). This study explores these processes 

in a large marginal sea system: the East China Sea (ECS) and Yellow Sea (YS) (Fig.1). We 

are examining spatial variations in grain-size, mineral surface area, bulk elemental, and 

isotopic compositions of organic matter in surface sediments. Preliminary measurements of 

organic carbon contents and isotopic compositions coupled with grain size measurements 

suggest that pre-aged organic matter accumulates on the outer shelf and in low energy regions 

where clay-rich sediments accumulate. Further geochemical investigations are underway on 

surface sediment fractions separated by grain size in order to examine variations in organic 

matter content and isotopic composition between different fractions as well as within the same 

fractions from different regions within the ECS and YS. Observations are discussed in the 

context of both hydrodynamic and mineralogical control on sedimentary organic matter 

distribution and composition. We discuss the implications of our findings for the application 

of organic geochemical proxies and for budgets of organic carbon burial in this and other 

continental shelf sea systems. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 454 -



 

Figure.1 Map of the spatial distribution of the sampling locations. 
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Thaumarchaeota are amongst the most abundant microorganisms in aquatic environments, 

however, their metabolism in marine sediments is still debated. While in cultures and 

mesocosms, pelagic and sedimentary representatives of the phylum have been shown to be 

autotrophic ammonia oxidizers (Wuchter et al., 2003), there is also some evidence for a 

heterotrophic metabolism in Thaumarchaeota. Nitrososphaera viennensis, a Thaumarchaeote 

from soil, was shown to incorporate pyruvate (Tourna et al., 2011). MICRO-CARD-FISH 

using 3H-labeled amino acids showed that thaumarchaeal cells present in sea water take up 

amino acids (Ouverney and Fuhrman, 2000), and others found the uptake of 13C-label from 

glucose into the glycerol moiety but not in the biphytane chain of sedimentary archaeal lipids 

(Takano et al., 2010).  

In this study we determined the incorporation of different 13C labeled substrates, i.e. 

bicarbonate, pyruvate, glucose and amino acids, into thaumarchaeal intact polar lipid-glycerol 

dibiphytanyl glycerol tetraethers (IPL-GDGTs) during 4-7 day incubations of marine 

sediment cores from three different sites at the Iceland Shelf. Thaumarchaeal intact polar 

lipids were detected at all sites but concentrations remained constant or decreased slightly 

upon incubation. For all substrates, no 13C incorporation in any IPL-GDGTs was observed at 

two of the stations (clay-rich sediment and organic-rich sediment). In lipids recovered from 

the sandy sediment at one of the sites, however, (1-4‰) enrichment in �13C was detected in 

the cores incubated with bicarbonate and pyruvate (Fig. 1). This is in strong contrast with 

polar lipid derived fatty acids (PLFA) from the same cores, which showed substantial 

incorporation of 13C (up to +80 ‰), when 13C labeled organic substrates were supplied, 

suggesting active uptake by heterotrophic bacteria or eukaryotes. The low incorporation rates 

are thus most likely not due to a lack of suitable substrate, but do suggest a low activity of 

Thaumarchaeota in marine sediments. In addition, IPL-GDGTs are degraded relatively slowly 
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(over thousands to millions of years, depending on the type of head group) compared to PLFA. 

Thus, the amounts of IPL-GDGTs encountered in sediments are not representative of biomass 

of active Thaumarchaeota, and the IPL-GDGTs which are part of active Thaumarchaeota only 

constitute a small fraction of the pool of sedimentary GDGTs. This has implications for the 

studies of archaeal ecology in sediments, indicating that archaeal cell number estimations and 

activities based on IPL-concentrations have previously been greatly overestimated. 
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Arctic permafrost carbon represents approximately half of the global Soil Organic 

Carbon (SOC) reservoir, with tundra, taiga and terrestrial ice complexes containing 

approximately twice as much carbon as the atmospheric carbon pool. Recent Arctic warming 

has overtaken predictions and will likely lead to large-scale thawing of permafrost. However, 

study in this area has been restricted, and the fate of Soil OC liberated by permafrost thawing 

is poorly understood. We present evidence from across the East Siberian Shelf, investigating 

the delivery and degradation of specific terrestrial soil organic carbon biomarkers.  

Glycerol dialkyl glycerol tetraether (GDGT) lipids were extracted from a series of 90 

sediment samples collected from the East Siberian Shelf during the International Siberian 

Shelf Study 2008 (ISSS-08) cruise, concentrating on the outflows of the easternmost Great 

Russian Arctic Rivers (Lena, Indigirka and Kolyma) and extending across the shelf (Fig. 1a). 

Branched examples of these biomarkers can be used to identify SOC, whilst marine micro-

organisms produce only isoprenoidal GDGTs. Extracts were analysed using LC-MS and the 

results calibrated using a C46 GDGT standard and mixtures with known amounts of GDGTs.  

The GDGT analysis revealed distinct regions on the shelf. Near to the coast, especially 

beside the Lena river outflow and in Buorkaya Bay, the BIT index is high with values ranging 

from 0.34 to 0.95 – revealing a high proportion of SOC. Offshore the BIT index progressively 

decreases, denoting a diminishing terrestrial component and an increasing marine carbon 

input. Isotopic data (13COC; Vonk et al., 2010) augments this finding. Near shore, both the 

BIT and amounts of branched GDGTs diminishes whilst the δ13COC remains in the terrestrial 

range (with only a minimal shift; Fig. 1b, line 2). This suggests that degradation of branched 
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GDGTs is the controlling factor in the BIT in this area. Further offshore, a declining BIT is 

accompanied by an increase in δ13COC (Fig. 1b, line 1), showing addition of marine 

crenarchaeota. However, branched GDGT degradation continues further offshore (Fig. 1c). 

Further comparison with relative contributions of defined terrestrial sources (e.g. topsoil and 

ice complex permafrost; Vonk et al., 2012) indicate that the majority of the branched GDGTs 

on the shelf are likely originating from the topsoil rather than ice complex permafrost debris. 

Overall, as seen for other studies of terrestrial carbon influx in the Arctic region 

(Semiletov et al., 2012), most branched GDGTs degrade quickly near the point of origin, 

indicating that this type of SOC does not behave conservatively on the shelf. In addition, 

combining the GDGT concentrations with δ13COC emphasises the importance of multi-proxy 

investigations into organic carbon degradation. 

 

Figure 1. a) Locations of samples on the East Siberian Shelf during ISSS08 and plots of 
δ13COC vs. b) BIT index and c) amounts of Branched GDGT. Grey diamonds denote near 
shore soil-OM-dominated samples, black squares denote offshore soil-OM-poor samples (cut-
off: BIT = 0.12.), greyscale represents bathymetry of the East Siberian Shelf. 
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Amino sugars are significant sedimentary components that, for example, account for 

up to 12% of organic carbon in grassland soils in North America (Amelung et al., 1999) and 

~2% of organic carbon in coastal Peruvian sediments (Niggemann and Schubert, 2006). Being 

derived from microbial biopolymers, amino sugars have successfully been used to fingerprint 

microbial communities and track microbially mediated turnover of organic matter in soils and 

marine subseafloor sediments (e.g., Glaser et al., 2004; Lomstein et al., 2012). Moreover, the 

isotopic composition of amino sugars provides additional information on their dynamics as 

well as microbial life styles. Despite their obvious potential as proxies for microbial life, the 

distribution and isotopic composition of amino sugars remain poorly explored in marine 

sediment. With an optimized analytical protocol that allows for quantification and isotopic 

analysis of trace amino sugars in complex sedimentary matrices, we studied the distribution of 

amino sugars in subseafloor sediment from two locations, Site U1352 in the Canterbury Basin 

(IODP Exp. 317) and Site 1229 at the Peru Margin (ODP Leg 201), and report for the first 

time detailed down-core profiles of compound-specific δ13C values of amino sugars in the 

marine deep biosphere. 

At both sites, sedimentary concentrations of amino sugars decrease sharply within the 

first 4 m and then gently towards the bottom of the cores, with the Peru Margin samples 

having much higher concentrations compared with those from the Canterbury Basin. Notably, 

the concentrations of amino sugars are two- to three-fold higher in the sulfate-methane 

transition zones (SMTZs) than in adjacent horizons (e.g., Fig. 1a, b), presumably due to 

elevated contribution of vegetative microorganisms in these sediment horizons. The δ13C 

values of GlcN and GalN generally vary between -5 and -20‰ throughout the cores and are 

slightly more negative in the SMTZs (e.g., Fig. 1c). Stronger 13C-depletion is observed for 

MurA and ManN in the SMTZs at both sites, indicating input of biomass associated with 

methane oxidation (e.g., Fig. 1d). Given the lack of significant 13C-depletion in archaeal lipids 

from the SMTZs of Site 1229 (Biddle et al., 2006), MurA, ManN and their isotopic 
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compositions appear to be more sensitive to methane cycling in deep subseafloor sediments. 

In the organic-lean and ultra-deep sediment from the Canterbury Basin, the relatively labile 

amino sugar MurA is detected down to a depth of ~1300 mbsf, suggestive of the presence of 

vegetative bacteria or endospores in such a hostile environment. Additionally, ManN, usually 

a minor amino sugar in near surface sediment and soil, constitutes 15-40% of total amino 

sugars in deep sediment at Site U1352 (>300 mbsf, ca. 1.2 Ma). Possible explanation includes 

enhanced input of amino sugars from terrestrial sources. These concentration and isotopic 

data provide new insights into subseafloor microbial life in deeply buried marine sediments 

and extend our knowledge of amino sugars in this important carbon reservoir. 

 

Figure 1. Partial depth profiles of amino sugars concentrations and isotopic compositions 
from Site U1352 (IODP Exp. 317): (a) Distributions of GlcN and GalN; (b) Distributions of 
MurA and ManN; (c) Carbon isotopic compositions of GlcN and GalN; (d) Carbon isotopic 

compositions of MurA and ManN. The gray bar designates the depth interval of SMTZ. 
(Abbreviations: GlcN, glucosamine; GalN, galactosamine; MurA, muramic acid; ManN, 

mannosamine) 
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As a result of decades of research there is now an extensive body of literature on the 

organic geochemical characteristics of marine sediments. This information, which is 

continuing to rapidly grow both in terms of data density and the diversity of properties 

measured, has not been compiled in a fashion that enables global-scale assessments of 

sedimentary organic matter distribution and composition.  

We have embarked on the construction of a global database, called “MOSAIC” 

(Modern Ocean Sediment Archive and Inventory of Carbon), the goal of which is to serve as 

a community resource for detailed organic geochemical information on marine surface 

sediments. MOSAIC will incorporate geospatial analysis tools in order to provide regional to 

global scale views on organic matter content and composition, and will have several 

characteristics: (i) Greatest emphasis is placed on continental margin sediments since they 

represent the major loci of carbon burial, represent the interface between the terrestrial and 

oceanic realm, and are spatially highly heterogeneous; (ii) Organic geochemical parameters 

include concentrations and isotopic compositions at the bulk and molecular level, and 

associated properties; (iii) The database will incorporate extensive contextual data concerning 

the depositional setting, and in particular, incorporating sedimentological properties.   

For database construction (Fig. 1), data and contextual information are transferred in a 

pre-configured csv format spreadsheet and then converted to a Structural Query Language 

(SQL) command for importing into PostgreSQL, an open-source database management 

system. In order to visualize the data geographically, each element/datum is assigned a 

latitude, longitude and altitude, enabling PostGIS (the spatial extension for PostgreSQL) to 

create a geospatial database in a manner that can be interfaced to a Geographic Information 

System (GIS). In order to make the database broadly accessible, a HTML-PHP language-

based website will ultimately be created that directly links to the database. From the website it 

will be possible to both visualize and save data (in .txt format) for utilization using common 

software (e.g. Excel, World, PPT, Illustrator, ODV).  
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This presentation will outline the structure of the database, solicit feedback on 

desirable features, request data for inclusion in MOSAIC, and provide examples of data 

output. 

 

 

Figure 1.  Architecture of MOSAIC database 
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This on-going study investigates source-to-sink processes influencing organic matter 

and associated minerals in Lake Constance and its drainage basin. Specifically, we seek to 

assess controls of mineralogy on organic matter “loss-and-replacement” patterns (sensu lato 

Keil et al., 1997). The lake offers a natural clay mineralogical gradient along its spine as 

shown in figure 1. The investigation involves stable and radiocarbon isotopic analyses of bulk 

and recalcitrant organic matter pools residing in different density fractions, density fraction-

specific surface area measurements as well as x-ray diffraction measurements to assess 

mineralogy of organic matter-bearing minerals (e.g. Sollins et al., 2006). Observations from 

the Lake Constance system will be compared with prior studies of continental shelf 

environments (Mayer, 1994) and Cretaceous Oceanic Anoxic Events (Kennedy & Wagner, 

2011), where mineral surface area and clay mineralogy have been hypothesized to play a 

paramount role in controlling organic matter burial. The upcoming presentation will present 

preliminary results from this study. 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 464 -



 

Figure 1. (modified after Müller & Quakernaat, 1969) Smectite/illite ratios in the <2µm 
equivalent spherical diameter fraction increase towards the northwest. This natural gradient 
offers a unique opportunity to study the effects of clay mineralogy on organic geochemical 

properties. 
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Archaeal lipid biomarkers have served as useful targets for assessing the presence and 

activity of these organisms in past and contemporary ecosystems. Whereas archaeal free core 

lipids (CLs) are thought to be preserved on geologic timescales and thus representative of 

lipid fossils, intact polar lipids (IPLs) are thought to be more representative of active archaeal 

communities (e.g., Kellermann et al., 2012). The reactivity of IPLs in the environment 

remains uncertain however, with estimated turnover times for some glycosidic IPLs 

approaching several 1000 years in shallow subsurface sediments (Xie et al., in revision). In 

this study, we extracted lipids from sediments in the White Oak River estuary (North Carolina, 

USA) and applied novel preparative liquid chromatography (LC) methods in order to separate 

IPLs from free CLs. Subsequent quantification of free CLs (directly) and lipids released from 

IPLs (after mild acid hydrolysis) allowed for direct comparisons of these two lipid pools. 

Using recently developed tandem LC-mass spectrometry (LC-MS) protocols (Liu et al. 

2012a), we quantified five major subgroups of CLs in both the IPL and free CL pools, 

including the typical archaeol diether (AR) and isoprenoidal glycerol dibiphytanyl glycerol 

tetraethers (iGDGTs), the recently identified glycerol dibiphytanol diethers (GDDs; Liu et al. 

2012b), hydroxylated GDGTs (OH-GDGTs), and a novel series of GDGTs containing extra 

carbons (C87-88GDGTs).     

Downcore profiles of the newly-derived Total archaeal IPL:CL ratio indicated the 

relatively high activity of Archaea in these estuarine sediments (compared to subseafloor 

sediments where the value is typically < 0.1) and identified zones of expected increased 

archaeal activity (Fig. 1a). Specifically, the IPL pool was relatively enriched (up to 63% of 

total lipids) within the sulfate-methane transition zone (SMTZ), where high archaeal activity 

has been demonstrated. Similar ratios were constructed for each CL-subgroup and, by 

comparing these values to that observed for Total archaeal IPL:CL ratio, we were able to 

determine the relative accumulation of CL-subgroups as IPLs or free CLs. We observed, for 

example, that C87-88-GDGTs accumulated as IPLs and GDDs accumulated as free CLs (Fig. 

1b). Further assessment of the cycloalkyl moiety distributions of each CL-subgroup indicated 

that IPLs in these cores were relatively enriched with CLs containing one ring, compared to 
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free CLs. Turnover of these IPLs thus appears to be faster than the average IPL; this 

conclusion was supported by the 13C values of biphytanes containing one ring, which were 

depleted relative to other biphytanes within the SMTZ. 

The Total archaeal IPL:CL ratio was further applied to additional samples collected from 

archaeal cultures and marine sediments to further identify the range and gauge of this measure 

of archaeal activity. This presentation will expand upon comparisons of the relative 

abundances and distributions of IPLs and free CLs in downcore sediments and further explore 

the relative turnover of these lipids, their associated 13C values, and their significance for 

interpreting inputs of archaeal lipids and archaeal activity in the environment. 

 

 

 

 

 

 

 

 

 

 

Figure 1. (A) Downcore profiles of the relative abundance of IPLs and CLs in White Oak 
River estuary sediments. (B) Comparison of the relative abundance of individually quantified 
lipid subgroups as either IPLs or free CLs (y-axis) to that of the total lipid pool (x-axis). The 

dashed line identifies the 1:1 ratio and integrated average of all lipid subgroups. 
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Coastal ecosystems are areas characterized by high biological productivity, which are 

influenced by the constant and abundant river inputs of organic matter and nutrients. This 

high productivity is linked to a wide variety of primary producers that provide organic matter 

to the pool of suspended particulate and sedimentary organic matter (SPOM and SOM, 

respectively). Specially, SOM plays a key role in coastal ecosystem functioning because its 

recycling provides nutrients for the primary producers and because its assimilation by 

secondary producers determines the primary transfer efficiency within the food web. Potential 

sources of OM are multiple and diverse, and are from different origins (e.g. terrestrial vs 

marine). Depending on their origin, their bioavailability differs. 

Because OM composition in n-alkanes differs between marine and terrestrial 

materials, n-alkanes are classically used in order to determine the ratio between these two 

materials in continental margin sediments. However, n-alkanes were only poorly used for 

assessing the composition of SOM in more complex coastal systems where the sources of OM 

are multiple. The objectives of our study were to investigate the use of this tool in such a 

complex system, the Arcachon Bay, France, and to develop a new index allowing the 

quantification of the SOM composition. 

Primary producers representing the main potential sources of OM to the Arcachon Bay 

sediments (Zostera seagrasses, phytoplankton, macroalgae, river SPOM, oak leaves, Spartina) 

were collected to assess their signature in n-alkanes. Intertidal and subtidal sediments were 

collected in April 2009 in 30 benthic stations from seagrass and bare sediment meadows for 

n-alkane analysis.  
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Results from the fingerprinting indicate that short odd-chain (n-C15, n-C17) derived 

from macro- and microalgae, intermediate odd-chain (n-C19 to n-C23) derived from Zostera 

seagrasses and long odd-chain (n-C27 to n-C33) derived from terrestrial producers. 

Based on these results, we defined a TAR (Terrestrial to Aquatic Ratio) index suitable 

to our study system. This index indicates, as expected, a maximum contribution of terrestrial 

material to the SOM on the Southeast coastline, where fluvial inputs are the more intense. 

However, the TAR index has two shortcomings: (i) it is binary (terrestrial vs. aquatic) and 

does not take into account the diversity of SOM sources, and (ii) due to its nonlinearity, it 

overestimates the influence of the terrestrial inputs. 

Consequently, based on the n-alkane signatures of different sources of SOM, we have 

developed a set of new precise indices, more specific than those frequently used in the 

literature data (CPI and TAR), to take into account the three major sources of SOM in the 

studied system: terrestrial inputs, algae and phanerogams. The obtained values showed, on 

average at the ecosystem scale, an important contribution of Zostera seagrasses (~48%) and 

continental material (~44%) and a low contribution of algae (~8%). However, these results 

are not in full agreement with those based on isotopic mixing models (Dubois et al., 2012). 

This apparent contradiction will be discussed. 

 
REFERENCES: 
 
Dubois, S., Savoye, N., Grémare, A., Plus, M., Charlier, K., Beltoise, A., Blanchet, H., 2012. Origin 

and composition of sediment organic matter in a coastal semi-enclosed ecosystem: an elemental 
and isotopic study at the ecosystem space scale. Journal of Marine Systems 94, 64-73. 

 
 
 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 469 -



BACTERIAL SOURCES FOR BETAINE LIPIDS IN ANOXIC MARINE 
SEDIMENTS 

 
Florence SCHUBOTZ1*, Kai-Uwe HINRICHS2, Roger E. SUMMONS1 and Marcos Y. 

YOSHINAGA2 
 

1. Department of Earth, Atmospheric and Planetary Sciences, MIT, Cambridge,  
MA, 02139 USA 

2. MARUM Center for Marine environmental Sciences and Department of Geosciences, 
University of Bremen, 28359 Bremen, Germany 

*) Corresponding author: schubotz@mit.edu 
 
Investigations of intact polar lipids (IPL) as biomarkers for viable organisms in 

diverse environments have revealed unique distribution patterns. However, the assignment of 

IPLs to source organisms is often hampered by our limited knowledge of their biological 

distribution and uncertainty over whether observed IPLs are autochthonous. For instance, a 

number of IPL studies of anoxic marine environments report abundant betaine lipids yet these 

environments contain no known bacterial sources for betaine lipids when compared to the 

current cultured inventory [e.g., 1]. Marine algae and lower plants are known to synthesize 

betaine lipids, and are congruently commonly detected in the surface ocean [2] but there are 

only limited reports of betaine lipids in bacteria, all aerobes [cf., 3].  

Although export of plant and algal IPLs from the photic zone and preservation under 

anoxic conditions could explain the presence of betaine lipids in sediments, their fatty acids 

also have alkyl chains with odd numbers of carbon atoms consistent with a bacterial source 

[1]. In this study we measured the stable carbon isotopic composition (δ13C) of betaine lipids 

and other IPLs to investigate their provenance. We screened surface sediments of three anoxic 

environments, i.e., mud volcanoes in the Black Sea and the Mediterranean Sea as well as 

colds seeps at the Makran accretionary wedge. In total we isolated up to four compound 

classes in each sample: betaine lipids, phosphatidyl ethanolamine, phosphatidyl-N-

methylethanolamine and ornithine lipids, and analyzed the fatty acid methyl esters (FAMEs) 

derived from each, following recent protocols [4]. Structurally and isotopically, the 

composition of FAMEs derived from betaine lipids were comparable to those derived from 

other phospho- and aminolipids, and their δ13C was as low as -105‰. Generally, branched or 

monounsaturated FAMEs had lower δ13C values than saturated FAMEs (Fig. 1). The variation 

in δ13C of the FAMEs may be attributed to different carbon assimilation processes. δ13C 

values of DIC vary by site and range from -40‰ to -9‰, methane from -72‰ to -50‰. TOC 

can be as low as -46.8‰ at the Makran cold seeps. Considering δ13C values of these potential 

carbon sources, the 13C-enriched FAMEs (δ13C of -29‰), might be derived from exported 
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material from the water column, as their δ13C signature is comparable to water column-

derived material. However, the more 13C-depleted values (δ13C lower than -35‰) indicate that 

a significant amount must also be produced in situ by either heterotrophic or autotrophic 

anaerobic bacteria. Moreover, the strongly 13C-depleted betaine lipid-derived FAMEs (δ13C of 

-105‰ to -75‰) suggests a possible association of betaine lipid-producing bacteria with the 

process of anaerobic oxidation of methane. These results provide the first evidence that 

betaine lipids in anoxic sediments are not simply derived from material exported from the 

photic zones, but can also be produced in significant amounts in situ by anaerobic bacteria. 

 

 

Figure 1.  Stable carbon isotope values of fatty acid methyl esters (FAMEs) derived from 
different intact polar lipids. 
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Based on observations during two complex scientific expeditions on Russian RV 

"Akademic Mstislav Keldysh” (54th cruise - Ob transect. 59th – Yenisei transect) dissolved 

(DOC). particulated (POC). and bottom sediments total organic carbon (TOC) distribution 

were investigated (Belyaev et al.. 2010). 

Bottom sediment samples were collected at 41 stations in the central part of the Kara 

Sea by multicorer. Sampling was focused on careful differentiation of thin upper sediment 

layers. Systematically cores were separated by standard sections: the upbottom water (from 

multicorer tube). water-saturated flocculated layer (0 ~ 5 mm). underflocculated layer (up to 5 

mm.). underlying core sediment layers according to lithological boundaries. Collected 

sediment samples were frozen to about -20oC immediately. Before analysis these sediments 

were freeze-dried. Total organic carbon was measured with a Shimadzu TOC VCPH analyzer, 

n-alkanes distribution was analyzed with a Shimadzu GC 2014 gas chromatograph using 

routine procedure.  

The majority of studied samples (31 of the 41 cores) showed a significant increase of 

the total organic carbon concentration in the sediments underlying flocculated layer. This 

phenomenon has been identified throughout the study area. regardless of the type of bottom 

sediments. Increasing of the organic carbon concentration was  up to 70%. (Table 1, col.6). 

Predominant concentrations of the odd long-chain n-alkanes in all bottom sediment 

samples were determined. They indicate to mostly terrigenous composition of Kara Sea 

organic matter. typical for this region (Stein et al., 2003). Untypical short-chain even n-

alkanes concentration increase in several underlying flocculated layer sediment samples was 

detected. Growth of short-chain n-alkanes possibly shows active microbiological 

transformation of organic matter near the flocculation zone. This is confirmed by increasing 

of number of bacteria and δ13Corg  changing. 

This phenomenon has been identified for the Kara Sea for the first time. Individually 

such processes were previously observed for the White Sea (Lein et al., 2011). The increase 

of concentrations and composition changes of organic matter localizes its transformation in a 

thin upper layer of bottom sediments. and perhaps is typical for the Arctic ecosystem. 
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Table 1. Average (0-30 cm) and maximum TOC concentrations in the bottom sediment 
cores of the Kara Sea. 
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1 2 3 4 5 6 1 2 3 4 5 6 
5023 Clayey Sand 0.44 0.32 0-0.1 -26 5024 Silty Sand 0.48 0.59 0-1 22 
5000 Silty Clay 0.71 0.53 1-5 -26 5011 Sandy Clay 1.25 1.55 0-0.1 24 
4996 Clay 1.49 1.29 0.5-5 -14 5044 Clayey Silt 0.73 0.91 0-0.1 24 
4957 Silty Sand 0.69 0.69 0-1 1 4993 Silty Clay 1.52 1.91 1.5-5 25 
4957 Clay 0.69 0.69 0-1 1 5003 Clayey Sand 0.45 0.57 1-5 26 
5042 Sandy Silt 1.59 1.61 0-1 1 5032 Sandy Silt 0.43 0.54 0-0.1 27 
4999 Clay 1.06 1.09 1-5 3 4990 Clay 0.75 0.96 0-1 28 
4983 Clay 2.0 2.1 0-1.5 5 5033 Silty Clay 0.6 0.86 0-0.1 42 
4995 Clay 0.83 0.88 0-1 7 5007 Silty Clay 1.19 1.75 0.5-1 47 
5021 Silty Clay 1.99 2.17 0-0.1 9 5010 Silty Clay 1.4 2.08 0.1-0.5 49 
4988 Clay 1.05 1.15 0-1 10 5013 Sand 0.49 0.73 0-0.1  49 
4950 Sandy Clay 0.83 0.91 1-5 10 5037 Silty Clay 1.56 2.42 0-2 55 
4958 Silty Clay 1.16 1.28 0-1 10 5025 Clayey Sand 0.36 0.61 0-0.1 66 
4952 Silt 0.93 1.03 1-5 12 5034 Silty Clay 0.98 1.63 1-2 66 
5015 Silty Clay 2.49 2.8 0-0.5 12 5026 Sandy Clay 0.69 1.14 0-0.1 67 
5016 Silty Clay 1.94 2.23 0-0.1 15 5008 Silty Clay 1.17 1.96 0.5-1 68 
4960 Sandy Clay 0.76 0.87 0-1.5 15 5028 Sandy Clay 0.83 1.44 0-0.1 73 
5045 Silty Clay 2.06 2.41 0-0.5 17 5039 Silty Clay 1.09 1.89 0-0.1 74 
5001 Silty Sand 0.26 0.31 1-5 20 5030 Silty Clay 0.78 1.39 0-1 77 
5018 Silty Clay 1.99 2.42 0-0.1 21 5014 Sand 0.6 1.07 0-0.1 77 

      4994 Sandy Clay 0.57 1.51 0-1 166 
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 Organic geochemical analysis has been performed for evaluating complex 

depositional systems in coastal/neritic areas. In particular, turbidity current is a main system 

for transport and deposition of organic matter in coastal/neritic areas, and produces 

sedimentary layers in which lithologic and geochemical features are heterogeneous due to 

non-steady state deposition. The turbidite sediment provides multiple information for both 

marine and terrestrial environments because it contains the autochthonous matter derived 

from marine organisms and terrigenous matter transported from land areas. However, there 

have been few geochemical studies from turbiditic sedimentary sequence for reconstruction of 

long time-scale paleoenvironment and material-cycling system. In the present study, we 

analyze terrigenous biomarkers, especially degraded triterpenoids originated from terrestrial 

higher plant to evaluate depositional system of the Miocene turbiditic and hyperpycnal 

sedimentary sequences.  

 We used sedimentary rock samples collected from the Miocene Kawabata Formation, 

Yubari, central Hokkaido. The Kawabata Formation mainly composed of turbidite facies, in 

which some of plant debris-condensing sandstones are interbeded. From sedimentological 

investigation, we determined that the plant debris-condensing sandstone layers were 

hyperpycnite, which is the sediment generated by peculiar gravidity flow (hyperpycnal 

current). Recently, it has been known that heavy sediment-laden effluent of flooding rivers 

can form such gravidity flow and directly reach deep seafloor. Thus, the hyperpycnite 

sediment is thought to have specific organic geochemical aspect influenced by large flood. 

 The sediment samples were crushed to fine powder. Carbonate-free samples were 

analyzed for total organic carbon content (TOC; %). Lipids were ultrasonically extracted from 

the powder samples as reported previously [1]. These fractions were analyzed by GC/MS. 

 TOC content of hyperpycnite sandstones are remarkably high. It is found that C23 and 

C25 n-alkanes are dominated in aliphatic hydrocarbons of the hyperpycnite layers. Aquatic 

plant is known to contain much C23 and C25 n-alkanes [2], so that the n-alkane distributions 

suggest high contribution of aquatic plant in terrigenous organic matter transported. Also, the 

hyperpycnite sediments contain abundant conifer-derived aliphatic and aromatic diterpenoids. 
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These results infer that the debris originated from the aquatic plant in swamp and wetland as 

well as wood in mountain forests was transported by large flood generated hyperpycnal 

current from land to marine environment.  

 Angiosperm-derived pentacyclic and A-ring degraded triterpenoids (des-A 

triterpenoid) are abundantly detected in all sedimentary rocks from the Kawabata Formation. 

Des-A oleanoid and ursanoid are abundantly detected from turbiditic mudstone, while the 

hyperpycnite contains pentacyclic oleanoid and ursanoid as major components rather than 

des-A type triterpenoids. Biosynthesized pentacyclic triterpenoid was thought to alter to A-

ring degraded homologue by microbially mediated degradation under anaerobic condition 

during early diagenesis as reported by Trendel et al [3]. Furthermore, surface soil 

investigation reported that 3-oxy-triterpenoid, which is intermediate of des-A triterpenoid, 

were detected from only floodplain and wetland [4].  From these insights, the turbiditic 

sediment were presumably transported from floodplain where is confortable for degradation 

of A-ring and easily transported by river. On the other hand, large flood that generated 

hyperpycnal current transported not only the floodplain sediment but also the sediment far 

from river. The latter area is not confortable for A-ring degradation because usually not 

influenced by river water.  Hence, we conclude that composition of des-A triterpenoid 

provides information for source areas of sediment and is useful for reconstructing transport 

and sedimentary process. 
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Soil organic carbon (ca. 1500 Pg) constitutes approximately two thirds of terrestrial 

carbon (Schimel et al., 1994). Changes in soil organic carbon not only affect soil quality and 

terrestrial ecosystem productivity, but also mitigate/accelerate increase in the atmospheric 

carbon dioxide concentration. Here we examined molecular compositions of soil organic 

matter (SOM) in two type ecosystems from north China (grassland versus conifer forest). 

Lignin phenols, free and bound lipids were analyzed using solvent extraction, base hydrolysis 

and CuO oxidation methods to assess the source and degradation stage of SOM. Generally, 

the grassland soils showed higher OC (1.3~4.2%) and N contents (0.08~0.35%) than the 

forestland soils (0.24~1.65% for OC and 0.02~0.12% for N). In soil profiles, both OC and N 

contents exhibited declining trends with depth in two sites. The soils in forestland had heavier 

δ13C values (-24.95~-23.30‰) than those in grassland (-25.93 ~-25.34‰), but both sites 

presented increasing trends in δ13C values with depth. Furthermore, the grassland soils 

yielded more free lipids (491~2002 μg/g OC) but less bound lipids (14454~30299μg/g OC) 

and CuO products (2667~4493μg/g OC) than forestland (348~1282μg/g OC for free lipids; 

16306~36589μg/g OC for bound lipids; 4746 ~11561μg/g OC for CuO lignin products). The 

biomarker distributions suggested that most of SOM is of a higher plant origin. The 

predominant long-chain ω-hydroxyalkanoic and α, ω-alkanedioic acids are typical biomarkers 

for suberin and indicate an important input of root-biomass to soils. The extraction yields and 

degradation parameters of lignin and cutin/suberin indicated different stages of SOM 

degradation in the grassland and conifer forest. Our study demonstrates that biomarker 

analyses provide useful information on the sources and degradation stage of SOM in different 

ecosystems, which is important for better understanding soil organic carbon dynamics and 

sequestration under the natural and anthropogenic induced climate and environmental changes. 
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Figure 1.  Contents of free lipids, bound lipids and lignin in CF grassland and BS forestland. 
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Nowadays the rapid, cost-effective, temperature programmed Rock-Eval pyrolysis is 

widely applied for evaluating the amount and quality of soil organic matter (SOM). Previous 

works showed that in addition to the bulk Rock-Eval data, the shape of pyrograms can be 

used to estimate the relative contribution of the major SOM classes differing in origin and 

preservation. The two independent (pyrolysis and oxidation) stages of Rock-Eval method 

allow us to measure both the reactive pyrolysable carbon (PC) producing hydrocarbon-like 

compounds by thermal cracking and the residual inert carbon (RC) not producing 

hydrocarbon-like components, surviving pyrolysis and combusted in the oxidation stage. 

Although reactive carbon usually represents the smaller part of TOC content, only S2 

pyrograms have generally been used to characterize both the quality and the stability of the 

organic matter (OM). This is so because the Rock-Eval pyrolysis was originally designed for 

petroleum exploration and is based on the laboratory simulation of petroleum formation in 

sedimentary rocks. For this reason, the method focussed on the part of the OM producing 

hydrocarbon-like compounds (S2 peak).  

In this work the RC part of SOM from A-horizon of two Rendzic Leptosol samples 

(NE Hungary) was examined.  Sample 1 and 2 developed on Mesosoic limestone and on relict 

red clay, the present vegetation is dominated by grass and by deciduous forest (oak and 

beech), respectively. Besides the shape of CO2 and CO thermograms monitored on whole 

soils, those determined for samples after removing soluble OM and for mineral-free samples 

were also compared to each other. The changes of CO2 thermograms during chemical 

isolation process are shown in Fig. 1.  

Although the TOC content of Sample 1 (13.4 %) is about twice higher than that of 

Sample 2 (6.8 %), TOC contents are composed of the same proportion of the RC/PC (RC is 

72 %) in the two samples.  CO2 and CO thermograms for whole soils have somewhat 

different pattern and reveal thermally heterogenous RC in both samples. The differences 

between the thermograms of the two samples conspiciously increased during chemical 

isolation process. The extraction of soluble OM (lipids, fulvic- and humic acids) resulted in 

sharp changes in the shape of thermograms for Sample 2, the SOM of which contains 
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extremely high percentage of soluble OM. On the other hand, moderate changes occurred in 

the thermograms of Sample 1 with lower relative contribution of soluble OM. Inconsistently 

with three-modal CO2 thermogram with major peaks around 350, 395 and 475oC, observed 

for Sample 1, the CO2 thermogram of the soluble-free Sample 2 is dominated by a major peak 

at about 410oC. Thermograms, shifted to higher temperature, reflect the increased importance 

of the OM of higher thermal stability in the ROM relative to whole soils for both samples. 

Our results suggested not only the higher chemical resistance of Sample 1 but also the higher 

thermal resistance of RC part in its ROM fraction relative to Sample 2.  The chemically most 

resistant organic fraction (ROM) accounts for more than three times higher proportion of 

SOM and the Tpeak for the major peak of CO2 thermogram is nearly 40oC higher for Sample 

1 (548oC) than for Sample 2 (505oC).  

The above variations could be consequences of both dissimilar biological source 

material and different mineral matrix. It is supposed that the deconvolution of thermograms 

will provide more detailed information about the relative contribution of the major OM 

classes differring in thermal stability. The mathematical deconvolution of the S4 peaks, 

analogous to the deconvolution of the S2 peaks, for a series of soils is in progress.   

 

 
 

Figure 1. CO2 thermograms measured on whole soils (SOM), on soluble-free soils and on 
mineral-free, highly refractory, insoluble macromolecular fractions (ROM) 
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Plant Root apices are embedded by mucilaginous material (mucilages) secreted from 

continuously growing root cap or epidermal cells (1-2). Electronic microscopy surveys 

revealed that root mucilages are arranged in fibrillar structures essentially made up by 

polygalacturonic acid (3). Polygalacturonic acid has been hypothesized to increase the plant 

availability of several ions, such as phosphate, by inducing a decrease of the surficial charge 

of the soil iron oxides and hydroxides and by competing with phosphate for the same 

adsorption sites (4). However, these results can only be partially extrapolated to real systems 

as they were obtained by using the polyelectrolyte as dispersed gel. In nature, the formation of 

the mucilages on the root surfaces occurs gradually involving the calcium ions in the soil 

liquid phase or adsorbed onto inorganic matrices in close contact with the root apparatus. This 

gives rise to the formation of fibrillar structures in which inorganic and organo-mineral 

colloids can be entrapped (5). Here we report on the synthesis of a Ca-polygalacturonate 

network (Ca-PGA) on the surface of amorphous Fe(III) hydroxides (ferrihydrite) and on the 

role of Ca-PGA to influence arsenate sorption by oxi-hydroxides . To this end, the As(V) 

sorption by Ca-PGA layered onto ferrihydrite was compared with that of ferrihydrite alone. 

All the experiments were carried out in the presence of 1 mM CaCl2 and pH 4.3 and 5.8 in 

order to mimic the conditions characterizing the soil root-interface and the bulk of acidic soil.  

The scanning electron micrographs of the Ca-PGA network coating the ferrihydrite 

show a regular structure with a honeycomb-like pattern where interlacing fibrils form a 

porous system (Fig. 1). This system is made out of individual fibrils within aggregates, which 

have a rather regular diameter, are curved, and some of them appear to branched and 

intimately associated with each other to form a three-dimensional complex web. 

The maximum amount of As(V) sorbed by ferrihydrite after 48 hours of reaction, with 

an initial As(V) concentration of 1.0 mM, was equal to 0.94 and 0.90 µmol mg-1 at pH 4.3 and 

5.8, respectively whileamounts equal to 0.77 and 0.78 µmol mg-1 were found to be sorbed by 

ferrihydrite coated with PGA. After a longer reaction time (i.e. 72 h) amounts equal to 0.82 

and 0.80 µmol mg-1 were sorbed by the PGA-ferrihydrite system. This different behavior can 
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be due, as suggested by the FT-IR spectra, to the electrostatic interactions establishing 

between the functional groups of the polysaccharide and the surface Fe-OH2
+ groups of 

ferrihydrite which reduce As(V) adsorption. 

In addition, PGA strongly reduced the diffusion rate of arsenic at both pH, being the 

amount of As sorbed in the PGA-ferrihydrite system (0.23 µmol mg-1) about 70% lower than 

that recorded for ferrihydrite alone (0.75 µmol mg-1) after three hours. The H2AsO4
- and 

HAsO4
2- ions which  dominate at pH 4.3 and 5.8 are likely subjected to the action of repulsive 

electrostatic forces exerted by the carboxylate groups of PGA during their diffusion. Such 

slow diffusion of arsenate into the PGA fibrillar structure may have important implications at 

the soil-root interface as As(V) could be more easily subjected to different reactions (e.g. 

chemical or biological reduction) leading to a decrease of the immobilized arsenate and hence 

increasing its bioavailability. 

 

Figure 1. Scanning electron micrographs of pure ferrihydrite(A), ferrihydrite coated with     
Ca-PGA (B) and PGA fibrillar structure (C). 
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Wildfires as well as land management practices involving the application of fire such 

as prescribed fire or burning of brushwood or crop residues, affect the quality and quantity of 

soil organic matter (SOM) pools. The destruction of Mediterranean and Atlantic ecosystems 

by fire is in part caused by profound transformations of soil physical, chemical and biological 

characteristics, in particular the qualitative and quantitative changes in the soils’ most 

functional soil fraction, i.e. that of organic matter (González-Pérez et al., 2004). These 

changes may negatively affect soil health and quality, and induce or enhance runoff 

generation and, thereby, the loss of soil, a non-renewable natural resource (Arias et al., 2005). 

This work focuses on lipid composition of SOM; a labile fraction that is prone to undergo 

rapid and significant changes by fire-induced soil heating. Topsoil samples (0-2cm) of 

eucalypt plantations - one of the prevailing and, at the same time, most fire-prone forest types 

in north-central Portugal - were collected at 5 occasions with roughly 6–monthly intervals, 

starting immediately after a wildfire in August 2010. To assess the effect of wildfire, topsoil 

samples were simultaneously collected in a neighbouring, long-unburnt eucalypt plantation 

with similar physiographical, geological and soil characteristics. The lipid fraction was 

Soxhlet-extracted with a dichloromethane-methanol (3:1) mixture, and its composition was 

determined by means of GC-MS. 

The lipid fraction at 0–2 cm depth decreased sharply due to the wildfire, amounting to 

2.4–5.7 % in the unburnt sample as opposed to 0.9 – 1.1 % in the burnt sample. This wildfire 

effect continued evident in the samples collected 24 months after the fire, in spite preliminary 

result indicated that the fire had been of moderate-to-high severity. The main difference in the 

lipid composition of the burnt and unburnt samples was that in alkyl compounds. Whereas all 

samples contained a homologous series of C18–C35 n-alkanes, with maximum at C27 and C29, 

the burnt samples revealed lower natural odd carbon preference numbers of n-alkane and n-

alkene series as well as shorter chain lengths of the homologues series. These results agreed 
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with those of prior work (Almendros et al., 1988). The burnt samples also showed, without 

exception, an accumulation of low molecular weight homologues, indicating that the fire led 

to thermal breakdown and cracking of long chain molecules (Fig 1).  

 

Figure 1.  n-alkanes distribution for the fire affected and unaffected soil samples from the 
upper soil layer 

 

The Fatty acids (FA) composition was particularly indicative of soil quality and its 

post-fire recovery. Saturated n-fatty acid bimodal series were detected in the range C14–C30, 

with pronounced maximum at C16 and C24, suggesting a strong contribution by epicuticular 

waxes from vascular plants. The n-fatty acid series distribution also revealed marked seasonal 

patterns in lipid composition. The ratio of short to long chain fatty acids in the burnt and 

unburnt soils (pFA) indicated a strong response to the time since the fire and, therefore, might 

be a suitable marker for post-fire recovery. The obtained results also provided evidence for 

the occurrence of fire-induced oxidative scission reactions of fatty acids. 

 

REFERENCES: 

Almendros, G., Martín, F., González-Vila, F.J., 1988. Effects of fire on humic and lipid 
fractions in a Dystric Xerochrept in Spain. Geoderma, 42: 115– 27. 

Arias, M.E., González-Pérez, J.A., González-Vila, F.J., Ball, A.S., 2005. Soil health – a new 
challenge for microbiologist and chemist. International Microbiology, 8: 13–21. 

González-Pérez, J.A., González-Vila, F.J., Almendros, G., Knicker, H., 2004. The effect of 
fire on soil organic matter—a review. Environment International 30: 855–870.  

 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 483 -



SUBSTRATE CONTROL ON MICROBIAL LIPIDS IN AGRICULTURAL SOILS  
 

Cornelia MUELLER-NIGGEMANN1*, Sri Rahayu UTAMI2, Anika MARXEN3, Reinhold 
JAHN4, Claudia LUEKE5, Peter FRENZEL5, Thorsten BAUERSACHS1 and 

Lorenz SCHWARK1,6 
 

1. Institute of Geosciences, Christian-Albrechts-University of Kiel, Germany 
2. Faculty of Agriculture, Brawijaya University, Malang, Indonesia 

3. Soil Physics, Helmholtz Centre for Environmental Research-UFZ, Halle, Germany 
4. Soil Sciences, Martin Luther University Halle-Wittenberg, Halle, Germany 

5. MPI for Terrestrial Microbiology, Department of Biogeochemistry, Marburg, Germany 
6. WA-OIGC, Curtin University, Perth, Australia 
*) Corresponding author: cmn@gpi.uni-kiel.de 

 

Soils harbour a complex suite of microbial organism (e.g. archaea, bacteria and fungi), 

performing biogeochemical processes susceptive to changes in environmental conditions and 

depending on e.g. parent substrate, soil pH, organic matter input, redox condition, humidity 

and temperature. Soil management practices including crop selection, tillage, fertilization, etc. 

are known to affect the microbial consortia in agricultural soils. In man-managed soils, key 

lipids are expected to provide information about biogeochemical processes attributed to 

archaeal or bacterial participants.  

Here, we presents results from an agricultural soil study that focussed on microbial 

lipid compositions in different types of substrate including Fluvisols, Acrisols, Andosols, 

Vertisols and Ferralsols, which developed in subtropical (Italy, SW-China) as well as in 

tropical (Indonesia, Philippines, Vietnam) climate zones. Additionally, management practises, 

planted crops or rice cultivars and the duration of e.g. paddy use were distinctive criteria in 

the investigation of effects on microbial lipids in upland, paddy and forest soils. 

The composition of the microbial community was assessed by investigation of 

bacterial and archaeal glycerol dialkyl glycerol tetraethers (GDGTs) and phospholipid fatty 

acids (PLFA) generally originated from soil bacteria and fungi. Archaeal activity reflected in 

the thaumarchaeol/GDGT-0 -ratio (Fig.1a) demonstrates enhanced methanogenic activity in 

paddy soils compared to predominant thaumarchaeal ammonia oxidation in dry upland soils. 

As described in various studies branched GDGTs, which are assumed to originate from 

heterotrophic anaerobic bacteria [1, 2], dominate the total GDGT pool in soils. We observed 

an increase in the relative content of branched GDGTs from upland (66-87%), to paddy (80-

95%) and forest (92-98%) soils (Fig. 1b). Branched GDGTs differ in the number of methyl as 

well as cyclopentyl mojeties and reveal a dependence on multiple soil environmental factors 

(MAT, altitude, pH value, CEC, crop type, soil evolution, water regime, etc.), a selection of 
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which is presented in Fig. 1. The MBT ratio separates Fluvisol soils from other soils at a cut-

off value of app. 0.65 (Fig. 1b). Only if Ferralsols are excluded, a correlation of the CBT ratio 

with altitude (r2= 0.77) and therefore with the MAT is observed (Fig. 1c), whereas no 

correlation of the MBT ratio with altitude (e.g. 70 – 1300 m a.s.l. in Indonesia) could be 

detected (Fig. 1d). This suggests that factors other than mean annual air temperature (MAT) 

are critical regulators of the MBT ratio in soils, in particular in periodically subaquatic paddy 

soils. 

 

 

Figure 1.  Relation of (a) MBT vs. Thaumarchaeol/GDGT-0 -ratio, (b) soil MBT-ratio vs. 
BIT-index, (c) CBT-ratio and (d) MBT-ratio vs. altitude. 
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In Mediterranean ecosystems, charred vegetation residues derived from incomplete 

combustions (natural wildfires and prescribed burning) contribute significantly to the pyrogenic 

carbon (PyC) or as it is also referred to as “Black Carbon” pool of soils. In addition, during the last 

years, the fertilizing properties of charred plant residues were re-discovered and are nowadays 

divulged and encouraged within the concept of using biochars produced under controlled combustion 

conditions as soil amendment. Biochar contains large amounts of C. Thus, when applied to land, they 

have the potential to significantly, increase soil organic matter (SOM) contents, an aspect that is in 

critical decline in many regions of the world, particularly in Mediterranean ecosystems. Biochar may 

offer a new strategy for restoring carbon to depleted soils, and concomitantly sequestering significant 

amounts of CO2. Biochar can act as a soil conditioner enhancing plant growth by supplying and, more 

importantly, retaining nutrients and by providing other services such as improving soil physical and 

biological properties (Lehmann et al., 2003). However, it has to be taken into account that after the 

amendments or the fire recurrence cease, the fraction of the easily degradable additional carbon is lost 

rapidly (Parat et al., 2007). Therefore, the sustainability and the beneficial effects of such products is 

still not clear and needs to be tested. An important issue concerns the turnover times of biochar and 

chars after their incorporation into SOM.ls, since some authors have evidenced that pyrogenic OM 

forms (including biochars) are less recalcitrant than generally assumed (Hilscher et al., 2009; De la 

Rosa and Knicker, 2011). This may be due to the fact that char and biochar produced at temperatures 

below < 700°C contain an aromatic network which is less condensated than formerly stated (Knicker 

et al. 2005). In addition, char of N-rich sources can contain so called Black Nitrogen as an integral part 

of the chemical structure (Knicker, 2010) mainly in form of N-heteroaromatic entities. Originally, 

such structures are associated with low bioavailability  (Knicker and Skjemstad, 2000), but , Recent 

studies evidenced that  in soils, heterocyclic N of pyrogenic OM can be less stable than peptide-like N 

(Hilscher and Knicker, 2011). Hence, the main goal of this research is the elucidation of the potential 

of selected biochars and other PyOM-rich materials to contribute or to decrease CO2 emission and thus 

to C sequestration in typical Mediterranean agricultural soils. 

The humification efficiency and the C-sequestration potential of biochars and other forms of 

carbonized biomass are a result of complex interactions between substrate, microbial population and 
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environmental factors and thus differ for different treatments. Therefore we are monitored the 

potential CO2 release from the biochars and other PyC-rich-material and of the respective amended 

soils in laboratory incubation experiments  by using a Respicond apparatus over a period of at least 3 

months. The latter is a sophisticated computerized respirometer based on the principle of using the 

change of conductivity of an electrolyte (KOH) for detecting CO2. 10 mg of dry sample material of 

biochar and selected Mediterranean agricultural soils will be incubated at 60% of the water holding 

capacity after inoculation with a microbial suspension. The obtained CO2 accumulation curve is fitted 

using a 2 exponential decay model which allows the differentiation between a fast and a slow pool and 

the calculation of the mean residence times of the respective material. 

Additionally, BC, the most refractory OC form, is quantified in both biochar and amended 

soils before and after the incubation experiment. Black C content is determined by an oxidative 

treatment with potassium dichromate and sulphuric acid of the HF-treated soils (0.1M K2Cr2O7/2M 

H2SO4 solution at 60 °C in an ultrasonic bath during 6 h). Analysis by means of solid-state NMR 

spectroscopy of the freeze-dried samples before and after incubation allows us to determine which C-

group is mostly affected by the degradation. Preliminary results confirmed a decrease of aromatic C, 

indicating that indeed charcoal experiences degradation. By contrasting the composition and 

quantifying BC in control and soils after biochar amendment will allow us to obtain the relative C-

sequestration potential of biochar and other PyC-rich-materials in agricultural soils under 

Mediterranean conditions. 

In order to achieve a better understanding of the differences in terms of C stability of the 

carbonized biomass materials, they will be characterised by elemental analysis and field emission 

scanning electron microscopy. 
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Wildfire may cause significant changes to organic carbon stocks on the forest floor 

and in the topsoil. This may have important implications for the export of particulate and 

dissolved organic carbon from recently burnt forest areas, especially when considering the 

often-observed increases in runoff and erosion following fire and leaching from the ash/soil. 

Carbon losses by post-fire runoff, however, have been poorly studied in Mediterranean 

regions. This research gap is being addressed by the FIRECNUTS project (PTDC/AGR-

CFL/104559/2008). The study area is located in north-central Portugal. It was burnt by a 

wildfire in the summer of 2010, affecting some 250 ha of forest plantations of Maritime Pine 

(Pinus pinaster) and especially eucalypt (Eucalyptus globulus). Monitoring began before the 

occurrence of significant rainfall and has since been carried out at regular intervals (at 1- to 2-

weekly intervals), both in microplots (0.28 m2) and at the slope scale (83-170 m2). (In-

)organic carbon was analyzed using a Shimadzu TOC Analyser. 

This presentation will focus on the results for dissolved (in-)organic carbon content 

of the runoff generated during the first year following the wildfire. Higher concentrations 

were found in burnt pine stands when compared with burnt eucalypt stands, which is possibly 

due to differences in post-fire litter cover from scorched leave/needles and/or to differences in 

runoff rates. Concentrations decreased with time at all study sites, pointing to the exhaustion 

of the carbon stock available for export. 
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Abstract 

 Field plot and column leaching studies were used to quantify the impact of green waste 

compost on soil organic molecules leaching and on Carbon sequestration. For all water 

samples, bulk characteristics and molecular analyses are described for three depth levels with 

or without amendments. 

 

Introduction 

Dissolved organic matter (DOM) consists in organic compounds present in soil 

solution. Labile pools of organic matter can be considered as fine indicators of soil quality 

and are much more sensitive to changes in soil management practices. This pool acts as a 

substrate for microbial activity and its leaching greatly influences the nutrients, organic matter 

content and the pH of groundwater. The quality of dissolved organic matter is highly variable 

and despite its importance, little information is available on the relation of DOM quality to the 

structure and composition of its parent soil organic matter (SOM). The objective of the 

present work is to develop a better knowledge of the quantity and the quality of the olabile 

rganic matter present in soil leaching. The nature of the organic matter was investigated at 

low and high molecular levels. 

 

Material and methods 

The reference soil of a carefully maintained long-term experiment is located on the 

Deffend ORE field (University of Poitiers), Mignaloux-Beauvoir (Poitiers), France. It's a 

loamy soil with a low structural stability. After an intensive cultivation period, the field has 

been under pasture since ten years.  Green waste compost was added 6 years ago (150T/ha). 

Soil and green waste organic matter were characterized at the molecular level. (SOM, 2006, 

PhD dissertation, Celerier, 2008, PhD dissertation).  

Soil solutions were obtained from 6 field plots using porous ceramic cups (at 15, 30, 60 

and 100 cm depth). Three plots were amended with green waste compost. For each water 

sample, bulk characterization (TOC, Fluorescence spectroscopy, HPSEC, pH measurements) 
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was achieved. Then, after concentration, the molecular fraction was studied by Gas 

Chromatography coupled to Mass Spectrometry (GCMS) after derivatization or 

thermochimiolyse.  

 

Results and discussion 

DOC measurements show that organic amendment effect is still present after 6 years in 

surface layers and yet significant in lower ones. Organic leaching increases in summer. 

No significant difference in pH and 3D fluorescence is detected through depth in all 

samples whereas SEC analyses show higher content of low molecular weight compounds in 

the non amended soil. Plant and bacterial markers (carboxylic acid, alcohol and hydrocarbon) 

are detected in all samples but distribution is highly different depending on depth and soil 

treatment. Organic matter from plant biomass predominates in superficial horizons (15 cm) 

with a bacterial activity fingerprint decreasing during these 6 years study. In amended soil 

leaching, the vegetal origin of organic matter is assumed by the identification of triterpenic 

compounds and n-alkanoic acids, ranging from C1 to C30 with an even over odd predominance. 

Alcohols and carboxylic acids are preferentially detected in superficial horizons (15 and 30 

cm) while alkanes accumulate in deeper layers.  

 

Conclusion 

 Rapid leaching of organic molecules from the compost has been observed with high 

DOC values in amended soil. The compost’s effect is still present after 6 years. 

Discrimination in lipids accumulation is observed in deeper layers. 
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Forests in Guyana (South America) cover upwards of 75% of its total land area and 

are one of the most intact expanses of old-growth tropical forests around the globe (Osbourne 

and Kiker, 2005), and are vital for regulating biogeochemical cycles on both a regional and a 

global scale (Malhi et al., 2008; Nepstad et al., 2008). The progressive drying and 

deforestation of Amazonian forests could combine to drive a positive feedback on the climate 

system potentially increasing the area of savannah land globally, and converting the rainforest 

carbon sink into a source as biomass decreases, mineralization increases and carbon dioxide is 

released (Cox et al., 2000; Körner, 2004).  

Soil organic carbon (SOC) contains about twice as much carbon as the atmosphere 

(Lal, 2004; Manning et al., 2005), it therefore provides a vehicle for transporting carbon down 

into the sedimentary column and thus acts as a longer term sink. This deep soil carbon 

reservoir is threatened by increased degradation rates via temperature rises (Mason et al., 

2009). One very important component of this stable carbon pool is lignin which is 

quantitatively the second most abundant biopolymer in terrestrial biomass after cellulose and 

hemicellulose (Mason et al., 2012; Mason et al., 2009; Swain et al., 2010). Use of modern 

analytical techniques such as thermochemolysis in the presence of tetramethylammonium 

hydroxide (TMAH) has allowed the products of lignin degradation to be quantified and 

interpreted in terms of the degradation processes required to produce them (Mason et al., 2012; 

Mason et al., 2009; Swain et al., 2010). 

Due to the importance of Amazonia for climate change and the implications that lignin 

reactivity studies have had in temperate regions, it is important to study the potential lability 

of lignin and other important biomacromolecules (such as cutin and suberin) in Amazonian 

soils. 

Soil, root, leaf and wood litter samples are currently being analysed in order to 

increase the understanding of soil carbon dynamics (in the form of SOC and lignin-degrading 

fungal communities) across a rainforest-savannah boundary in Guyana. Results will highlight 

any differences present in lignin, cutin and suberin degradation states within soil between the 

rainforest and savannah as well as down soil profiles.  
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Humic substances (HS) are natural organic nitrogen-containing dark-colored amphoteric 

amphiphilic randomized redox-heteropolymers (Popov, 2004). They are constructed from the 

fragments with various molecular weights, mainly of arilglycoproteid nature. In terms of 

colloidal chemistry, HS are the colloidal disperse systems, i. e. these substances are the 

compounds, which have the well-developed surface and possess the electro-surfaced and surface-

active properties. Because the HS are the surface-active substances (SAS), they are able to form 

the associated colloidal micelles. These substances can be described as micelles, colloids, 

aggregates, vesicles, fractals, clatrats, and surfactants (Steelink, 1999). HS have all main 

properties of colloidal surfactants. Surface-active properties of HS are connected with 

amphiphilic molecule properties (Milanovsky et al., 1993). 

One of the main properties colloidal surface-active substances, including HS, is capacity 

for solubilization—for intermolecular interaction of a substratum with structured colloidal 

micelle due to "introduction" of hydrophobic substances into inside micelle. A solyubilization is 

spontaneous and reversible process. Stable disperse systems, which are similar to 

ultraheterogeneous emulsions, are spontaneously formed as a result of a solyubilization. 

Well-known (Frolov, 1988) that inclusion of hydrophobic molecules into colloidal 

micelles in water solutions depends on nature of these substances. Probably three ways: 

 

1) nonpolar hydrocarbons, introducing into inside micelles, settle down in hydrocarbonic cores 

of micelles; 

2) polar organic compounds (spirits, amines, acids) are built into micelles between SAS 

molecules so that their polar groups would be directed to water, and lipophilic parts of 

molecules would be focused to in parallel hydrocarbonic radicals; 

3) hydrophobic molecules, for example phenol, do not penetrate to inside micelles, and are 

fastened into their surface. 
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A solubilization of hydrophobic substances by HS are insufficiently studied (there is a 

too small amount of publications), therefore the purpose of our research was estimation of 

solubilization of liquid paraffin by HS, which were extracted from different soil types. 

The objects of research were the humus-accumulative horizons of six soils: Chernic 

Chernozem (chernozem ordinary), Luvic Planosol (meadow-steppe solod), Haplic Kastanozem 

(typical chestnut soil), Chromic Cambisol (typical cinnamonic), Eutric Cambisol (brown forest 

soil or burozem) and Umbric Albeluvisol (sod-podzolic). 

Humic substances were extracted from soil humus-accumulative horizons by alkaline 

sodium pyrophosphate solution (Kononova and Bel’chikova, 1963). Then structured colloidal HS 

micelles, stabilized by ions iron, were prepared.  

The effect of solubilization of HS micelles was estimated by measure of the absorbed 

vaseline oil (liquid paraffin). The following characteristics were determined: (i) the ratio of first 

wet HS micelles weight to the absorbed vaseline oil weight; (ii) the solyubilization part—weight 

of vaseline oil per unit mass of dry HS; (iii) a specific hydrophilic surface area of colloidal HS 

micelles (by adsorption method with methylene blue). 

In general, the following trends had been received: 

 

1) solyubilization of vaseline oil by HS, which were extracted from different soils, decreased 

among: Luvic Planosols > Chromic Cambisol > Eutric Cambisol, Umbric Albeluvisol > 

Chernic Chernozem > Haplic Kastanozem; 

2) the correlation between the ratio of first wet HS micelles weight to the absorbed vaseline oil 

weight and the solyubilization part values was close return essential (R = – 0.835); 

3) the correlation between the solyubilization part values and specific hydrophilic surface area 

of colloidal HS micelles was close return essential (R = – 0.92) too; 

4) the correlation between the ratio of first wet HS micelles weight to the absorbed vaseline oil 

weight and specific hydrophilic surface area of colloidal HS micelles was close direct 

essential (R = 0.85); 

5) the moisture of colloidal HS micelles did not exert influence on solubilization of 

hydrocarbons (liquid paraffin in particular). 
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The acidification of large areas of Australian coastal landscapes has significant 

environmental, economic and social impacts. Acid sulfate soils (ASS) are soils and sediments 

containing significant quantities of iron sulfides (e.g. pyrite). Widespread around coastal 

Australia, ASS are benign under saturated or highly reducing conditions. However, oxidation 

of iron sulfides by exposure to air causes severe soil acidification (Dent and Pons, 1995). 

Highly acidic drainage waters (pH < 4) from ASS pose a direct environmental threat and also 

contribute to the release and transport of aluminium and other heavy metal contaminants 

(Fitzpatrick et al., 1998). 

Rehabilitation of ASS landscapes is a complex and costly problem. An innovative 

remediation method based on tidal exchange was implemented in 2002 at East Trinity Inlet, a 

Holocene sedimentary coastal plain located in Far North Queensland, Australia. In the early 

1970s a tide-excluding sea wall was constructed at this site and >700 ha of estuarine 

floodplains supporting diverse mangrove and samphire communities were drained and 

cleared for agriculture. Oxidation of the underlying sulfide-rich sediments resulted in 

severely acidic soils and waters, reflected in drastically diminished populations of aquatic 

biota, mangroves and major fish kills. Re-establishing regular marine tidal inundation to 

various parts of the East Trinity site has proved relatively successful at neutralising acidity 

and improving soil and water quality (Powell and Martens, 2005). Reductive transformation 

and redistribution of reactive iron and sulfur species has resulted in an iron hyper-enriched 

redox gradient across the seawater inundation interface (Keene et al., 2010). The long term 

implications of these processes will influence the effectiveness and continued application of 

this remediation approach to contemporary ASS (Burton et al., 2011).  

While significant research has been conducted on the inorganic geochemistry of 

tidally re-flooded ASS (e.g. Burton et al., 2011), the role of organic carbon on Fe/S 

mineralisation remains poorly understood. Cross-disciplinary integration of organic 

geochemical data with microbial community and mineral phase data should provide 

fundamental knowledge regarding the primary sources and mechanistic role of organic 
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carbon in the biogeochemical cycling of iron and sulfur in such environments. A range of 

analytical techniques have been employed to characterise the molecular and stable isotopic 

composition of organic matter (OM) from several core sections recovered from key sites 

within the wetland, including along a transect spanning supratidal to intertidal zones. 

Biomarker information from the analysis of extractable lipid hydrocarbons, combined with 

the chemical derivatisation products of polar components and analytical pyrolysis data from 

refractory macromolecular fractions will be used to provide a holistic interpretation of the 

nature, abundance, distribution and sources of the OM in this environment.  

Prominent lipid classes from the sediments, including n-alkanes, n-alcohols, sesqui-, 

di- and triterpenoids and fatty acids, reflect a dominant terrestrial signature, although the 

presence of highly branched isoprenoids, sterols and methyl alkanes highlights the increasing 

contribution from marine-derived OM due to tidal inundation. A striking feature of the 

surface sedimentary layers is the exceptionally high abundance of pentacyclic 3-

oxytriterpenoid acids derived from living higher plant biomass. Such compounds typically 

degrade very rapidly in soils and sediments, suggesting they are stabilised by organo-mineral 

interactions (e.g. iron oxides; Kögel-Knabner et al., 2008) and may play a crucial role in the 

transfer of electrons between minerals and microbes. Furthermore, aromatic triterpenoids 

formed during very early diagenesis under anoxic/reducing conditions reflect different micro-

environments within the sediments and may be used to develop molecular proxies for 

predicting Fe-S redox transformations in tidally inundated ASS. 
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Labeling experiment is one of the most powerful tool to study processes involved in soil 

functioning. The use of stable carbon isotopes (13C), in association with organic matter 

characterization, allows following sources, fate and dynamics of identified compounds or organic 

matter fractions. A common protocol includes the incorporation of 13C enriched-aerial biomass into 

soil and monitoring of soil OM content and δ13C in solid soil (bulk or physical fractionation). In these 

labeling experiments, dissolved organic matter (DOM) fraction is usually not taken into account 

because of its small quantity compared to total soil organic matter. Main source of DOM is the plant 

litter, but fungi and bacteria are also contributors to DOM through death/decomposition and excretion 

of organic compounds in the soil solution. DOM is also recognized to play a major role in organo-

mineral interactions, inorganic compounds retention or transfer, and in OM cycle. Although it can be 

responsible of about 10-20% of soil respiration (Van Hees 2005, et references therein) and is often 

considered as a labile C pool, its stability is now widely questioned (Kalbitz et al., 2003 ; Derrien et 

al., 2006). The turnover of DOM may actually depend on its sources (Don et Kalbitz, 2005) or on its 

interaction with the mineral phase (Bosatta et Agren, 1991 ; Mc Knight et al., 1992).  

The objective of this work was to test the influence of DOM and especially dissolved organic 

carbon (DOC) on the soil OM dynamics assessment through labeling experiment. Experimental design 

was composed of 6 pots with soil that were submitted to continuous labeling under 13C-enriched CO2 

atmosphere. Half of the pots contained only soil and were considered as control, while half were 

sowed with Ray-grass (Lolium multiflorum Lam.) at the beginning of the labeling experiment. The soil 

was sandy with a C content of 1,1% and an initial δ13C of -27,3‰. After 3 months, two soil depths 

were sampled (0-5cm and 5-10 cm) and analyzed for C content and δ13C. DOC was assessed through 

water extractable OM quantification, and C and δ13C were measured. The soil DOC content was 

calculated. Soil cores were divided into two parts that were both extracted. A mixing equation allowed 

recalculating the C content and δ13C of each total soil core. Aerial part and roots (after washing of soil) 

were also analyzed for δ13C. 

The C content of bulk soil remained unchanged in the pots with or without plant compared to 

initial soil. The DOC content of the soil was similar for the two depths and appeared slightly but not 

significantly higher in the pots with plants compared to pots without plant. A 13C-enrichment of plants, 

DOC and bulk soil OC was noticed in all the pots compared to initial soil (Figure 1). The δ13C of DOC 

was higher than the δ13C of bulk soil OC and was significantly higher in the 0-5 cm compared to the 5-

10 cm depth. The labeling of DOM was close to the labeling of isolated roots, both being lower than 

the aerial biomass. 
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The unexpected labeling of pots without plant could be explained by the development of few other 

plants originating from seeds initially present in the soil and/or autotrophic bacteria and/or algae. 

Despite really low, this type of contributions needs to be avoid (by suppression of self-propagating 

plants for example) or taken into account. High variability was also observed in the analysis of C 

content and δ 13C of DOM in half soil-cores. Despite it was corrected through mass balance and 

mixing equation in this work, this result highlights the importance of DOM sampling, considering the 

variable root contribution to soil. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Labeling (δ13C) measured in each OM compartments 

 

These results showed the close interaction between plants and DOM fraction. The latter 

appeared strongly influenced by plants and especially root development. This strong labeling of soil 

DOC, independently on the addition of aerial biomass, should be taken into account when assessing 

OM turnover. This high and relatively rapid root/DOM contribution to labeling of the soil was 

probably underestimated in many labeling experiment. 
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The isotopic composition of precipitation (δ18Oprec and δDprec) has been studied in 

various archives, such as speleothems, lake sediments or tree-rings, for reconstructing 

paleoclimate. Recently, Zech and Glaser (2009) developed a method based on gas 

chromatography-pyrolysis-isotope ratio mass spectrometry (GC-Py-IRMS), which allows 

compound-specific δ18O analyses of hemicellulose sugar biomarkers extracted from soils and 

sediments. Based on the observation that the oxygen atoms of plant-biosynthesized sugars 

originate from water, hemicelluloses, like cellulose, can be expected to reflect the isotopic 

composition of precipitation allowing paleoclimate reconstruction. 

In here presented study we take advantage of an Argentinian climate transect in order 

to inquire if hemicellulose biomarkers in soils indeed reflect the 18O/16O isotopic composition 

of precipitation. Furthermore, we use a Péclet-modified Craig-Gordon (PMCG) model 

developed by Kahmen et al. (2011) to model the isotopic composition of leaf water and leaf 

cellulose. By combining empirical data analyses with the mechanistic model simulations we 

detect and evaluate the dominant climate parameters influencing δ18Ohemicellulose along the 

investigated transect. Additionally, we currently determine deuterium values of n-alkanes and 

fatty acids for the investigated sites. This combined approach allows quantifying the 

evaporative 18O and deuterium enrichment of leaf water by using Craig-Gordon model (Zech 

et al. submitted) 

Our results show that δ18Ohemicellulose (Fig. 1) and δDn-alkanes do not simply reflect 
18O/16O and D/H isotopic composition of precipitation. Certainly, the isotopic composition of 

precipitation is one important influencing factor. However, our findings suggest that 

evaporative 18O and deuterium enrichment of leaf water during transpiration is more 
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dominating factor for δ18Ohemicellulose and δDn-alkanes values observed along here presented 

climatic transect. 

With this study we confirm that δ18O analyses of arabinose, fucose and xylose in soils 

and sediments are a promising tool for paleoclimate research. However, it has to be kept in 

mind that 18O records established using this method do not simply reflect δ18O of 

precipitation, but rather can be additionally strongly affected by plant physiological reactions 

caused by aridity and/or temperature changes. The newly developed method can complement 

and extend tree-ring research further back in time by studying soils and sediments. 

 
Figure 1. δ18O values of arabinose, fucose and xylose obtained by compound-specific δ18O 
analyses. δ18O values of annual precipitation are calculated using The Online Isotopes in 
Precipitation Calculator (Bowen 2012). Modeled results of δ18Oleaf water do not reflect the trend 
of δ18Oprec but correlate highly significantly (R=0.81, p<0.001, n=20) with δ18Ohemicelluloses. 
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Soil organic matter (SOM) comprises complex macromolecular structures which 

play a major role in soil as they produce mineral nitrogen (NH4
+, NO3

-) by mineralization 

and are related to dissolved organic matter (DOM), via decomposition and humification 

processes. Isotopic geochemistry is commonly used to follow the SOM evolution, isotopic 

composition being an efficient tool to understand the origin of carbon and nitrogen species 

present in the environment and the processes affecting their concentration. In particular, many 

studies link the evolution of 13C with depth to microbial decomposition of OM. Indeed, it is 

generally accepted that isotope discrimination can be associated to microbial respiration, 

inducing residual carbon enrichment. However, the processes controlling the 13C enrichment 

of soil organic matter are not clearly identified and are controversial. Similarly, results 

published on the isotopic fractionation associated with microbial respiration are contradictory. 

In this study we propose to follow parallel variations of stable isotopes of carbon and nitrogen 

and changes in the molecular composition of SOM associated with humification under 

different hydromorphic conditions. Indeed, the processes associated in SOM turn-over are 

mediated by microbial organisms, depending mainly on water and oxygen environmental 

conditions which determine the degree of anoxia and the extent of dissolved organic matter 

migration. As a result, samples were collected from a grassland site in Quimper, France (ORE 

AgrHys), along a transect with a hydromorphic gradient in which profiles located downhill 

are chronically water-saturated. Soil samples were collected along the transect in 5 profiles (B 

to F, from top to down slope) at different soil depths. Measurements of concentrations (C and 

N) and isotopic compositions (δ13C and δ15N) of bulk soil, SOM, DOM were performed 

along the transect and for each profile. So as to investigate the evolution of the SOM chemical 

structure with depth, SOM samples were analysed using 13C solid state NMR and pyrolytic 

methods. For all soil profiles, an increase in soil δ13C and δ15N was observed with depth 

along with a decrease in C and N levels. These trends are commonly observed and are 

consistent with an isotopic enrichment due to microbial fractionation. The isotopic enrichment 

factor (ε) from Rayleigh equation along the profiles was calculated as the slope of the line in a 

δ13C = f (ln C/C0) diagram. It led to distinguish two parts in the transect. Indeed, higher (ε) 

values were observed for profiles sampled downhill than uphill (Fig.1a). (ε) values are usually 
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considered to reflect the rate of OM degradation along the soil profile, with a low value 

corresponding to a high degradation rate (Balesdent and Mariotti, 1996). In consequence, a 

lower extent of OM degradation can be inferred from these isotopic compositions in the down 

slope profiles which are more impacted by water table fluctuation. In contrast with the 

isotopic data, these SOM chemical characterization pointed to a more important selective 

degradation with depth for the samples from the down slope. This is further supported by the 

higher amount of DOM in the down slope profiles. SOM chemical characterization revealed a 

higher loss of polysaccharides along the profile from the bottom part of the transect when 

compared with its upper part. This leads to a relative enrichment in aliphatic moieties. As 

polysaccharides are enriched in 13C with respect to aliphatics, such a change results in a 

decrease in δ13C of SOM. In a δ13C = f (ln C/C0) diagram, this decrease, along with a 

decrease in C due to C loss associated with degradation, induces a decrease in the slope, 

hence an increase in  enrichment factor (Fig.1b). This study shows that  cannot be solely 

considered as reflecting the extent of microbial degradation of SOM along a soil profile but 

that the chemical composition of SOM should also be taken into account as selective 

degradation may take place.  

 
 

 

  

 
 

 

 

 

 

 
 
Figure 1. Influence of depth and humidification of soils, on the relation between δ13C (‰) 
values and the corresponding state of OM degradation: a) experimental data b) interpretation  
C0: C concentration for the surface horizon 
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The soil environment is a highly complex system, composed of multiple interactions 

between mineralogical, diverse biological, hydrological and atmospheric components. Whilst 

several factors are known to contribute to the development of soil properties, soil 

geochemistry and microbiology have a major control on their behaviour including soil 

fertility and elemental cycling. The weathering of parent rock is a defining component of the 

pedogenic process and determining the resulting relationship between the soil chemistry and 

mineralogy with organic matter, soil fluids and microbial populations is key to a holistic 

understanding of the soil environment; pedogenesis also forms an integral part of the global 

carbon cycle (Rasmussen et al., 2010).  Parental lithology has a major impact on the soil 

geochemistry, where geology imparts a characteristic mineralogical and chemical signature to 

the developing soil. The relationship of soil organic matter (SOM) and trace element 

chemistry is of particular interest due to the importance of SOM in the transport and 

accumulation of metallic and toxic ions through the soil profile. Using techniques, such as 

(Py-)GCMS, to analyse the complex organic macromolecules (such as lignin) and extractable 

lipids, and X-Ray Fluorescence (XRF), to determine major and trace elements, it is possible 

to correlate specific biomarkers against element mobility.  Previous research already indicates 

that the mobilisation/movement of inorganic contaminants, such as As and Se, elements 

which pose a potential health risk, can be linked to specific microbial processes (Al Lawati et 

al., 2012; Fellowes et al., in press) and in certain cases might be controlled by the 

bioavailabity of the organic matter present (Rowland et al., 2009).  

In our multi-technique study, we characterise and compare five soil profiles 

originating from different parent materials (basalt, granite, meta-mudstones, sandstones and 

limestones) across Northern Ireland. The soil profiles collected began biological development 

at approximately the same time (post glacial; 13 ka), all in the same climatic regime, and 

have comparable topography and ground cover. A holistic record of the soil chemical 

characteristics has been defined by inorganic, organic (including bulk and molecular analysis) 
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and DNA sequencing making this a unique study, allowing us to closely look at the 

interactions between the geochemistry and microbiology. The completed inorganic chemical 

analysis demonstrates the characteristic differences between soil profiles above differing 

parent units. Ni concentrations were, for instance, substantially higher in the basalt derived 

soils, with a maximum concentration of 325 ppm, if compared to the other soils where 

concentrations ranged from 12 to 67 ppm. TOC analysis shows a decrease in concentration 

with depth in all soil profiles with differences between the different lithologies. The highest 

TOC contents observed were consistently in soils derived from basalt, approximately 30 wt% 

in the surface soils decreasing to 7 wt% at the base of the profile. The contents observed in 

sandstone and limestone soils were more variable between profiles, whilst the soils above 

granite and meta-mudstone demonstrated lower TOC on a whole, 15 wt% at the top of the 

profile to 4 wt% at the lowest segregation. 

Analysis of the molecular organic matter are now focusing on the extractable lipids 

and macromolecular compositions of the profiles to determine if there are any differences 

between the profiles and if the distribution of organic moieties correlate to specific trace 

elements with depth. Using this novel approach, we will present new data to the soil 

development in the temperate climate of Northern Ireland. 
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Recently, as a part of a study aiming at understanding the fate and turnover of organic 

matter in soils, we reported on the establishment of a molecular referential from various soil 

surface horizons using lipids (Trendel et al., 2010). We could show that lipid distributions 

show a great variability according to the vegetation type, and have thus the potential to trace 

back the evolution of soil use and vegetation through time, notably as a function of anthropic 

influences/activities. We have now investigated the lipidic content recovered from two acid 

soil profiles (Alsace, France), classified as acid cambisol (Elmerforst) and umbric leptosol 

(Falimont) according to the WRB soil classification, in order to determine if genuine soil 

lipids are sufficiently well preserved, even in deep soil horizons, to be used as indicators of 

past vegetation. Furthermore, 14C dating has been carried out to determine the mean residence 

time (MRT) of soil organic matter (SOM), total lipid extract (TLE), lipidic fractions and 

individual compounds (Fig. 1). The two soils have been selected based on their well 

documented history since at least several centuries. 

For GC-MS analysis, the lipid fraction was recovered by liquid chromatography (silica 

gel) of the derivatised (acetylation/methylation) solvent extract. For 14C dating, large solvent 

extracts have been recovered and fractionated into conventional classes of polarity (alkanes, 

ketones, alcohols). Individual lipids were isolated by a succession of chromatographic steps 

comprising column chromatography, thin layer chromatography and reversed phase high 

performance chromatography. 

The lipid distributions from the Elmerforst soil profile (60 cm depth, 4 samples 

collected) under forest (oak and beech) unexpectedly revealed very similar distributions 

through depth, dominated by a biomarker assemblage indicative of predominant oak inputs. In 

order to determine if this similarity is the reflect of a good preservation of SOM coming from 
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constant organic inputs from the same plant sources, or if the lipidic signature corresponds 

rather to recent organic matter from the surface that has “contaminated“ the whole soil profile 

by e.g., leaching and bioturbation, the 14C age of SOM, TLE, chromatographic fractions and 

isolated lipids (n-C27 alkane and friedelin, a triterpenoid abundant in oak) has been 

determined. Surprisingly, ages obtained for the isolated compounds in the surface and deepest 

sample are recent (post-bomb, > 1950), as are the age of the TLEs. This reveals that the 

lipidic signatures in this profile correspond mainly to recent organic matter. These results are 

in contrast with those obtained by 14C dating of the SOM from the deep horizon (1400 yrs 

BP), indicating that the organic matter is heterogeneous and contains both a pool of ancient 

and refractory non-lipidic organic matter and a more labile pool, comprising the lipids, 

notably. 

The situation encountered with the Falimont soil profile (70 cm depth, 4 samples) was 

quite different, with lipid distributions revealing a typical grassland signature for the surface 

sediment (presence of abundant natural triterpenoid acetates, notably), and a signature 

progressively dominated by n-alkyl lipids with increasing depth. Regarding 14C dating, SOM 

and TLEs show the same trend, with values going from modern (surface horizon) to ancient 

(> 4200 yrs BP), as is the case for the n-alkane fraction for which an age of about 3300 yrs BP 

at a depth of 40-50 cm was determined.  

These preliminary results highlight the difficulty to identify biomarkers that can be 

confidently used to trace back past vegetation in deep soil horizons, and show that the 

dynamic of SOM greatly depends on soil types, lipids -generally considered as rather 

refractory constituents from SOM- being highly labile in some cases. 

 

Figure 1. Approach used to investigate the dynamic of organic matter in soils 

REFERENCES: 
Trendel, J.-M., Schaeffer P., Adam P., Ertlen D., Schwartz D., 2010. Molecular characterisation 

of soil surface horizons with different vegetation in the Vosges Massif (France). Organic 
Geochemistry 41, 1036-1039. 
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The largest amounts of terrestrial carbon (approximately 1580 Gt carbon) can 

currently be found in soils. This value is two to three times more carbon than is present in the 

biomass of terrestrial plants. Macromolecular material such as lignin and cellulose forms a 

substantial part of this soil carbon. Although lignin is known to be highly resistant to 

degradation, certain fungi, particularly members of the phylum Basidiomycota, can degrade 

lignin completely (Kirk and Farrell, 1987). However, the extent to which lignin-rich organic 

matter, such as straw, can be degraded in non-agricultural soils remains unclear, particularly 

in those soils which are very low in native organic matter, such as sand-dune grasslands. A 

recent study showed that, even in these systems, lignin from wheat straw can be degraded 

within a 46 month period (Kabuyah et al., 2012). As this type of soils may have a simple 

fungal community, it is necessary to analyse the degradation of macromolecular materials in 

different types of low nutrient soils where fungal communities may be more  diverse, such as 

fixed dunes. This also indicates the need to identify the fungal communities present in those 

areas to be able to evaluate their contribution in the degradation of lignin-rich organic matter.  

Traditionally, soil fungal communities were examined by collecting macroscopic 

sexual reproductive structures (fruiting bodies) that are produced above ground, or by using 

isolation techniques to obtain pure cultures of fungal strains directly from soil (Rossman et 

al., 1998). These approaches are severely limited, since they cause discrimination against non-

culturable and slow-growing taxa (Jany and Barbier, 2008). Relatively new molecular 

methods based on fungal-specific DNA amplification of the nuclear ribosomal internal 

transcribed spacer (ITS) provide a better characterization of fungal communities (Gardes and 

Bruns, 1993; O’Brien et al., 2005).  

The aims of this project are to characterise the degradation of lignin and cellulose of 

buried plant materials, and the diversity of fungi involved in this process, at three sand-dune 

ecosystems. Therefore, bait bags containing barley straw (Hordeum vulgare) and hawthorn 

wood (Crataegus spp.) were buried at defined depths, at three different ecosystems of two UK 

sand dunes, in May/June 2012. These bags were retrieved approximately three, six and twelve 
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months later and split for fungal DNA amplification, to characterise the fungal mycelia 

colonising the materials, and for GC-MS analysis with TMAH thermochemolysis to 

determine the extant of degradation of lignin and cellulose. 

Visual analyses of the retrieved bags showed a substantial degradation of the material 

buried when compared with barley straw/hawthorn wood prior to burial. DNA amplification 

highlighted potential presence of fungal communities on the retrieved materials, indicating 

that fungi were indeed present during the degradation of this material. 

Using the novel approach of lignin/cellulose analysis in combination with fungal DNA 

amplification, we present new data about carbon decomposition in sand-dune soils and the 

involvement of fungi in these processes. 
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Permafrost soils of the northern circumpolar region contain about 50 % of the organic 

carbon (OC) globally stored in soil organic matter and are most strongly affected by climatic 

change (Tarnocai et al., 2008). The acceleration of microbial decomposition induced by rising 

temperatures and the export of OC due to more intensive thawing have already been 

documented in several studies determining higher CO2 and CH4 emission and amounts of 

dissolved and particulate terrigenous OC delivered into aquatic environments (Schuur et al., 

2008). Tracing the degradation and export of OC from permafrost soils is difficult and largely 

based on laboratory experiments, modelling studies, and investigations of terrigenous organic 

matter delivered into Arctic rivers and in the Arctic ocean. The erosional and fluvial export of 

terrestrial or soil-derived OC is often reconstructed by terrestrial lipid biomarkers. The 

preferred biomarkers are (presumed to be) degradation resistant molecules including long-

chain n-alkanes and n-fatty acids derived from terrestrial plants as well as branched tetraethers 

lipids (GDGTs) and soil-specific bacteriohopanepolyols (BHPs) both used as indicators for 

soil organic matter export. The difficulties of these studies is the lack of information on 

organic matter composition in the extremely heterogeneous permafrost affected soils and the 

effects of soil and environmental properties on these biomarkers including their assumed 

persistence over time and during transport, respectively.  

We thus performed a model study of polygonal tundra soils in the Lena-Delta (Siberia) 

to investigate a) the distribution of organic matter and microbial and plant-derived lipids in 

the active layer - the part thawing during summer - and b) thereby identify influences of soil 

properties. The strong spatial heterogeneity of organic matter in the active layer of different 

polygon structures was revealed by a high variability of OC contents and the distribution of 

the biomarkers mentioned above. Generally OC and 14C contents show a closely linear 

decrease in different horizons in all six profiles investigated with lowest values of 3-5 % OC 

and apparent 14C ages of 2200-4000 yrs BP in horizons above the permafrost table; max thaw 

depth was 20-30 cm in (dry) polygonal rims (above ice-wedges) and 30-40 cm in (wet) 
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polygon centers. The most abundant n-alkanes were C27, C29, and C31, while C22 and C24 

dominated n-fatty acids. No distinct differences in the distribution of these lipids resulting 

from the different vegetation growing on the rims (shrubs, mosses) and centers (sedges, 

mosses) were obvious. The concentrations of these lipids increased in all profiles with depth 

reaching highest values above the permafrost. n-Fatty acids concentrations were up to 20-

times higher compared to n-alkanes. The increase of these long-chain lipids with depth 

indicates either their accumulation with depth or in-situ production. The results of on-going 
14C analyses of both compound classes will give further indication. Total BHP concentrations 

showed no clear trend with depth, no significant differences between wet and dry polygon 

structures, and no obvious relation to soil pH.  Soil-marker BHPs (adenosylhopane and 

related structures) were between 10-40 % of total BHPs with higher proportions in dryer 

profiles. We also analysed phospholipid fatty acids indicative for viable soil bacteria and 

found decreasing concentration in almost all profiles with depth indicating that BHPs - often 

increasing in concentration with soil depth - do not reflect the live microbial community in 

soils. Branched GDGTs (measured only at one site) were more abundant in wet polygon 

centers than in dry rims. pH values calculated according to Weijer et al. (2007) for the 

different horizons were in good agreement with measured values in the dry and less acidic rim 

(pH 5.9-6.7) compared to the wet center (pH 4.8-5.8) confirming previous findings of 

difficulties of this index in acidic soils. Mean annual air temperature calculated from branched 

GDGTs of the polygon rim horizons were significantly lower (-5 to -8°C) than the measured 

value (-12.5°C) but surprisingly in quite good agreement based on GDGTs from the wet 

polygon center  (-12 to - 14°C). Soil textural analyses of the Gelisols are on-going and will 

also be evaluated as potential controlling factor for the lipid distributions and indices. 
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Roots were recently proposed to strongly contribute to subsoil and sedimentary 

organic matter. Visual description based on X-ray microtomography, as well as various 

biomarkers such as alkanes, fatty acids and glycerol dialkyl glycerol tetraethers, each gave 

hints that root-related processes overprint organic matter in terrestrial archives. Most likely, 

this overprint concerns parameters which are used for paleoecological and 

paleoenvironmental reconstruction (e.g. predominant plant community and temperature). One 

can wonder whether specific root markers can help to identify and quantify the root-related 

input. Since such biomarkers like suberin have not been tested for their use in terrestrial 

archives of an age of several thousands of years, the aim of the current study was to test the 

suitability of using suberin monomers in various subsoils and terrestrial sediments. Pyrolysis-

GC/MS in the presence of TMAH and GC/MS following saponification were commonly used 

to identify suberin markers in various environments. We here used these two approaches to 

look for suberin markers in roots, calcified roots (rhizoliths), rhizosphere and soil/sediment 

free of visible root remains. 

Samples were obtained from two different sites with different geological settings. 

From Sopron (NW Hungary), samples were obtained from a sandy subsoil under Quercus 

petraea forest and from loess under a Fagus sylvatica dominated forest. While roots from the 

sandy profile were not directly connected to the recent trees and could derive from former 

vegetation, those from the loess site were directly connected to the present vegetation. 

Additionally, an ancient calcified root was sampled at the loess-paleosol sequence of 

Nussloch (SW Germany) at a depth of 4.2-4.3 m. In addition to roots, also rhizosphere, i.e. 

material from the vicinity of the roots (distance <2 cm), and reference material free of visible 

root remains (distance to roots 50-70 cm) were collected. Samples were pre-extracted via 

Soxhlet or ASE using a solvent mixture of DCM/MeOH 9:1 to remove free lipids. Afterwards, 
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an aliquot of each extraction residue was analysed via Pyrolysis-GC/MS, whereas another 

aliquot was saponified and purified prior to GC/MS measurement. 

Both saponification and pyrolysis yielded substantial amounts of suberin markers for 

all investigated root and rhizosphere samples (Fig. 1A). In contrast, the reference materials 

were almost free of suberin markers (Fig. 1B). 

The results suggest that suberin markers are useful to trace root influence, even distant 

from visible root remains. This is confirmed by X-ray microtomography, indicating the 

presence of former root channels and also minor root fragments that are difficult to observe 

under field conditions apart from roots (Gocke et al., 2012). This study shows for the first 

time an obvious overprint of sedimentary organic matter from roots, detected by root-specific 

biomarkers. This is of special importance for terrestrial sedimentary archives that can be 

penetrated by roots after sedimentation, thus not necessarily containing solely organic matter 

which was incorporated during sedimentation.  

 

 

Figure 1. Pyrolysis-GC/MS in the presence of TMAH of (A) rhizosphere and (B) reference 
loess, from the subsoil of the sandy Hungarian profile near Sopron. 
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Increased atmospheric nitrogen (N) deposition and elevated CO2 concentrations affect 

many forests and their ecosystem functions, including organic matter cycling in soils, the 

largest carbon pool of terrestrial ecosystems. However, it is still not clear how, and what the 

underlying mechanisms are. Specific molecules of plant and microbial origin (biomarkers) 

might respond differently to N deposition, depending on their internal N content. Microbial 

cell-wall-constituents with high-N content like amino sugars are reliable biomarkers to 

distinguish between fungal- and bacterial-derived organic residues. Individual lipids are plant-

specific biomarkers that lack N in their molecular structure. Here, we tested the effects of 

elevated CO2 and increased N deposition on the dynamics of plant and microbial biomarkers 

by studying their composition and turnover in forest soil density fractions. Furthermore, we 

tested the hypothesis that these biomarkers respond differently to increased N deposition, 

depending on their internal N content.  

We used soil samples from a 4-year elevated CO2 and N deposition experiment in 

model forest ecosystems (open-top chambers), that were fumigated with ambient and 13C-

depleted CO2 and treated with two levels of 15N-labeled fertilizer. Bulk soil was separated 

into free light fraction, occluded light fraction and heavy fraction by density fractionation and 

ultrasonic dispersion. The heavy fraction was further particle-size fractionated with 20 µm as 

a cut-off. We determined carbon and N concentrations and their isotopic compositions (δ13C, 

δ15N) within bulk soil and density fractions. Therein, we extracted and quantified individual 

amino sugars and lipids and conducted compound-specific stable-isotope-analysis using GC- 

and LC-IRMS.  

Results show that amino sugars were mainly stabilized in association with soil 

minerals. Especially bacterial amino sugars were preferentially associated with soil minerals, 
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exemplified by a consistent decrease from fungal- to bacterial-derived amino sugars from 

light (plant-like) to heavy (mineral) soil fractions. Other than expected, elevated CO2 and 

increased nitrogen deposition did not affect the distribution of amino sugars within and 

between soil fractions. One explanation could be that the four years of the experiment were 

too short to reach a new equilibrium of fungi and bacteria.  

For the first time we were able to determine isotope ratios of individual amino sugars 

in soil density fractions from a natural abundance field experiment. Our results show that, in 

the presence of soil minerals amino sugars turn over slower than in light, physically 

unprotected fractions. Surprisingly, fungal amino sugars turn over at the same rate than total 

organic carbon, while bacterial amino sugars turn over slower. Furthermore, nitrogen 

deposition did not affect the turnover of individual amino sugars in soil density fractions, 

indicating that microbial community distribution was not affected after four years of increased 

nitrogen deposition (Figure 1). This is in contradiction to the often observed reduction of 

fungal biomass after nitrogen additions.  

Data from the lipid analysis (plant biomarkers) are still under investigation and will be 

presented in conjunction with the results for amino sugars (microbial biomarkers).  

 

 

Figure 1. Carbon isotope ratios (δ13C) of total organic carbon (TOC) and individual amino 
sugars (Glucosamine, GlcN; Galactosamine, GalN; Muramic Acid, MurA) in soil density 
fractions that were exposed to i) ambient and 13C-depleted CO2 and ii) low and high levels of 
nitrogen (N) deposition.  
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Soil organic matter (SOM) is considered as a key factor in ecosystem dynamics [1]. Its 

degradation state depends on several interactive factors, including bedrock lithology, 

vegetation, litter, temperature, humidity, etc. [2]. The geochemistry of SOM on carbonate 

substrata is little studied [3]. We propose to comment first results of an on-going organic and 

inorganic geochemical study of soil profiles on two carbonate bedrock lithologies in the Swiss 

Jura Mountains (Ballens, Switzerland; 46°34' N, 6°19' E, 1300 m asl), Kimeridgian limestone 

and calcareous moraine. On both substrata, the vegetation is a C3 forest referenced as an 

Abieti-Fagetum association, with beech and conifers (fir and spruce) as the dominant trees. 

The sites were chosen in order to get four bedrock-vegetation combinations, such as 

limestone-beech, limestone-conifer, moraine-beech and moraine-conifer. A detailed 

mineralogical, organic and inorganic geochemical study of these sites aims to assess the 

influence of litter characteristics and the carbonate bedrock lithology. Twelve soil profiles 

(triplicates for each combination) were described and systematically sampled. Soils are 

referenced as calcaric Cambisols and hypereutric Cambisols (WRB 2006 soil classification). 

The geochemical approach includes mineralogical composition (XRD), major and trace 

element composition (XRFA), and SOM characterization by Rock Eval pyrolysis, bulk C and 

N isotope analyses, molecular and C isotope analysis of soil lipids. 

The major element compositions on limestone are relatively homogenous through soil 

profiles, with calcium values between 2.5 to 4.9 wt.% Ca. These values reach 34 wt.% in the 

deeper soil horizons on calcareous moraine, while all other element compositions show a 

decrease with depth. This is in line with the main soil mineralogy composed of quartz and 

calcite. The TOC for soils on limestone varies between 37.3% in the holorganic horizons and 

14.6% in mineral horizons, while TOC values decrease to 0.07% in the deeper horizons on the 

carbonate moraine. In both cases, the soil characteristics are similar (silty texture, pH 6), 

suggesting that the main factor affecting the SOM preservation is the bedrock lithology and 

its related factors (e.g., soil grain size distribution, soil aeration, soil humidity). δ13Corg and δ 

15Norg profiles show enrichment from holorganic horizons to mineral horizons, with a gap 

between both horizon types (Figure 1). Holorganic horizons have δ13Corg values from -32‰ to 
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-27‰, and δ15Norg from -7.6‰ to -3.5‰. The discriminant role of either litter or lithology 

remains unclear. Mineral horizons are distributed in two groups, according to bedrock 

lithology. For soils on calcareous moraine, 13Corg values vary from -27‰ to -25.2‰, and from 

-25.4‰ to -24.5‰ on Kimeridgian limestones, respectively. Enrichment in 15N was also 

measured for SOM samples on the Kimeridgian limestone.  

These results emphasize a minor influence of litter characteristics on SOM isotopic 

composition. The mixed beech-conifers forest and a litter mixing effect by physical and 

aeolian processes could explain this unexpected observation. SOM geochemistry seems to be 

influenced by the two selected carbonate bedrocks. Kimeridgian limestone and calcareous 

moraine induce indirectly different edaphic conditions, which could explain these different 

isotope fractionations. On-going organic geochemical molecular and isotopic analyses will 

provide more detailed information on SOM transformations with depth in both lithological 

contexts. 

 

Figure 1. C and N isotope composition of SOM (δ 13Corg, δ
 15Norg) on carbonate rocks (Swiss 

Jura Mountains). 
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Archaeological soils contain amounts of organic matter (OM), which study can 

provide archaeological data, and therefore help to reconstruct past human activities (Evershed 

2008). OM can be analysed via micromorphological or by geochemical methods. 

Micromorphology allows identifying in situ organic and inorganic remains and their 

relationship with human activities (Courty et al. 1989, Goldberg and Macphail 2005, Cammas 

and Wattez 2009), but part of the OM cannot be identified and its origin remains unknown 

(Shilito et al. 2011, Cammas et al. 2013). Previous chemical analyses by GC-MS of organic 

residues from archaeological sites have demonstrated the contribution of this technique to 

archaeological studies (Goldberg & Macphail 2005, Evershed 2008, Kedrowski et al., 2009), 

and many of them focus on identifying dung and faecal material (Bull et al. 1999, Simpson et 

al. 1999; Shilito et al. 2011; Lancelloti & Madella 2012). The aim of our study is to identify 

the origin of organic matter in archaeological layers and help reconstruct past activities 

combining these two analytical methods.  

Many excavations were conducted on the medieval housing and castle areas of 

Roissy-en-France in the same pedological context (Luvisols on loessic deposits). 10 

undisturbed samples from archaeological layers ranging mostly from 12th cAD to 16th cAD 

were studied in thin section and their properties characterized with pedological analyses (C/N, 

LOI, total, organic and inorganic P). Combination of micromorphological and pedological 

properties helped to constitute three main clusters of layers. Each cluster was interpreted on 

the basis of these analyses, there were (i) input of urine and / or feaces with infilling and 

impregnation of the sedimentary matrix with phosphathic material such as vivianite, very few 

plant remains, very high total phosphorus content, and organic C positively correlated to 

presence / absence of charcoals and brown plant remains (very likely cess deposit); (ii) animal 

housing with vegetal and dung remains and a high total phosphorus content; and (iii) plant 

manuring with finely comminuted vegetal remains and medium total phosphorus content. 

Bulk samples representative of each cluster will be then analysed by GC-MS and these results 

compared with those of the soil unmodified by human activity. Then, GC-MS results will be 
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compared with micromorphological identification of organic remains and activities. This 

constituted an opportunity to identify new geochemical biomarker in archaeological context. 

 

REFERENCES : 
 
Cammas C., Nguyen Tu T.T., Plessis M., Clotuche R., Derenne S. 2013. Human imprint on 

archaeological anthroposols: first assessment of combined micromorphological, 
pedological and lipids biomarkers analyses of organic matter, Geophysical Research 
Abstracts, 15, EGU 2013-11982, 2013. 

Cammas, C. & Wattez, J. 2009. L’approche micromorphologique : méthode et applications 
aux stratigraphies archéologiques. – in La géologie : les sciences de la Terre, appliquées à 
l’Archéologie, Coll. ‘Archéologiques’, 2nd ed., Errance, Paris, p.181-216. 

Courty, M.-A., Goldberg, P. & Macphail, R.I. 1989. Soils and micromorphology in 
archaeology. - Cambridge Manual in Archaeology, Cambridge University Press, 
Cambridge, 344 pp. 

Evershed, R.P. 2008. Organic residue in Archaeology: the archaeological biomarker 
revolution, Archeometry 50, 6 (2008) 895-924. 

Goldberg, P. & Macphail, R.I. (2006): Practical and theorical geoarchaeology, Blackwell 
Publishing, Oxford, 455 pp. 

Kedrowski, B.L., Crass, B.A., Behm, J., Luetke, J.C., Nichols, A.L., Moreck, A.M., Holmes, 
C.E., (2009) GC/MS analysis of fatty acids from ancient hearth residues at the Swan 
Point archeological site. Archeometry, 51(1), 110-122. 

Shilito, L.-M., Bull I.D. Matthews W., Almond M.J., Williams J.M. & Evershed R.P. 2011. 
Biomolecular and micromorphological analysis of suspected faecal deposit at Neolithic 
Catalhöyük, Turkey, JAS, 38 (2011) Elsevier, 1869-1877.  

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 518 -



CHARCOAL AS IMPORTANT FACTOR IN SOIL ORGANIC MATTER 
FORMATION IN BRAZILIAN ECOSYSTEMS 

 
Marta VELASCO-MOLINA1, 2, *, Anne E. BERNS3, Felipe MACÍAS1 and Heike KNICKER2 

 
1. Dpt. Edafoloxía y Química Agrícola, F. Biología, USC. Spain 

2. Dpt. Geoecología, Biogeoquímica y Microbiología Ambiental, IRNAS/CSIC. Spain 
3. Institut für Bio- und Geowissenchaften IBG-3, FZJ. Germany 

* Corresponding author: mv.molina@usc.es 
 

Ferralsols cover almost 40% of Brazil and can be found under a wide variety of 

vegetation and in many different landscapes. Some of them exhibit a high content of organic 

carbon (umbric epipedon) and thus represent a important sink of stable C. Also, many of them 

contain charcoal fragments suggesting that frequent (natural) fires affected their organic 

matter (OM) composition. However, in spite of many effort, the composition of its OM and 

the mechanisms involved in its stabilization are still to explore (Marques et al., 2011). 

The present study focuses on SOM characterization of Umbric Ferralsols for a better 

understanding of how charred material influences the humification processes and how tit 

affects the C sequestration potential of such soils. 

Soil samples were collected from three Umbric Ferralsols of Viracopos (UF-Vr), 

Atibaia (UF-At) and Chapecó (UF-Ch), Southern Brazil. During sampling, charred residues 

were found in the UF-Vr distributed irregularly and present at all depths along the profile, 

with more elevated density between 65-80 cm and 100 cm in depth. 

To study the nature of their organic matter, we performed a characterization of their 

chemical composition by solid-state 13C NMR spectroscopy after their demineralization with 

10% HF (Gonçalves et al., 2003). Five chemical shift regions were distinguished (Knicker 

and Lüdemann, 1995): alkyl C (0-45 ppm), N-alkyl C (45-60ppm), O-alkyl C (60-110 ppm), 

aryl C (110-160 ppm), carboxyl C (160-245 ppm). 

In order to identify contributions of black carbon, the HF-treated samples were 

subjected to chemical oxidation (K2Cr2O7, 60 ºC, 6h). The aromatic C content remaining in 

the residue was assigned to pyrogenic organic material and quantified by NMR spectroscopy 

(Knicker et al., 2007). 

The solid-state 13C-NMR spectra of the top horizons from UF-Ch showed sufficiently 

high signal to noise ratios for integration, no spectra could be obtained from the deeper 

horizons. The first are dominated by a signal at 30 ppm in the region assigned to alkyl C in 

lipids and amino acids (45 - 0 ppm). Other major intensities are observed between 110 and 45 

ppm, in the region of O/N-alkyl C (carbohydrates, amino acids) and carboxyl C (220 to 160 
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ppm). The missing of a clear signal in the region between 160 and 140 ppm (signal derives 

from aromatic or olefinic C) indicates that in this soil lignin has minor contributions to its 

aromatic C content. The contribution of aromatic C with depth may be explained with 

charcoal contributions. However, applying chemical oxidation with acid potassium 

dichromate could not confirm this assumption, possibly because it occurs in a highly oxidized 

form which can be attacked and destroyed by the strong acid. In the profile UF-Vr, however, 

between 12 and 83% of the total C resisted the harsh chemical treatment, confirming the 

presence of charcoal residues already visually observed during sampling. An increase of 

aromatic C with depth was also evident in the profile UF-At. In this soil, some of the C 

resisted the chemical treatment confirming the presence of charcoal residues. This is in line 

with the historical recurrent wild fire occurring in the Cerrado (savannah ecosystems). 

Our results showed further that the presence of charred residues is an important factor 

to determining quality and quantity of humic material in the umbric epipedons of this kind of 

Ferralsols. 
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The aims of this study are to characterize the spatial variability of biomarker imprints 

in a peatland and to test to which extent this variability can be related to the surrounding 

vegetation. Since the mid 1970’s La Guette peatland has been colonized by vascular plants. 

Nowadays it is totally colonized by Molina caerulea and, to varying extent, by Pinus 

sylvestris and Betula pendula. In nine stations representative of distinct vegetation cover, we 

analysedthe lipid composition of soil developed under Molinia caerulea. The lipids of the six 

most abundant plants encountered in the peatland were analysed as reference samples: 

Sphagnum rubellum, Erica tetralix, Calluna vulgaris, Molinia caerulea, Betula pendula and 

Pinus sylvestris. For all these samples, lipids were ultrasonically extracted with DCM and 

then separated into neutral, acidic and polar compounds. The neutral fraction was further 

separated by flash chromatography to afford (i) aliphatics and aromatics; (ii) ethers, esters, 

ketones and acetates and (iii) alcohols. 5α-cholestane was added prior to analysis for 

quantitation. Lipid fractions were then identified and quantified by gas chromatography-mass 

spectrometry. In order to quantify their density, trees were counted within circles of 

increasing radius (giving areas of 3.14; 12.6; 28.3; 50.3 and 78.5 m2) around the sampling plot. 

After counting, total tree density was determined as well as individual P. sylvestris and B. 

pendula density. For each sample (n=9) regressions were calculated between (i) lipids and (ii) 

the density of the tree (n=9). This calculation was reproduced for each counting surface. Then, 

the resulting regression coefficient was plotted against each surface of counting.  

Apart from ubiquist compounds such as n-alkanes and triterpenoid ketones, we found 

several biomarkers for which the source could be constrained. Taraxeryl, friedelanyl and 

moretenyl acetateswere found in high amounts (up to 9.0 µg.g soil, station 2) and were also 

detected in E. tetralix and C. vulgaris (Ericaceae) and, probably due to contamination, in S. 

rubellum. Multiflorenyl and two unknown acetates, also present in low contents, probably 

originate from undetermined, less abundant plant. Four methoxy-serratenes (Le Milbeau et al., 
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2013) and seven tricyclic diterpenes were detected in both soils and P. sylvestris needles. 

Strong correlation (r = 0.997; p ≤ 0.0001) of their abundances in soils attest to their common 

origin and similar conservation potential. The presence of betulin and related compounds in 

soil samples and in  B. pendula leaves are in agreement with the admitted use of these 

biomarkers to track the former presence Betula species in soils and sediments (i.e. Otto and 

Simoneit, 2001).  

The source of these biomarkers being defined, we then assessed their spatial 

distribution at the nine sampling sites. Although not abundant, triterpenyl acetates, methoxy-

serratenes, diterpenes and betulin derivatives exhibit a higher coefficient of variation along 

sampling sites than other compound such as n-alkanes or triterpenoid ketones. 

The correlation between methoxy-serratenes and the number of P. sylvestris in the 

nine sampling sites increases with the surface used for the calculation (r = 0.93, p<0.022). 

These values indicate that specific biomarkers of P. sylvestris in soil samples and surrounding 

vegetation are spatially linked. The same applies for B. pendula and betulin derivatives (r = 

0.96, p<0.008) was found. The degradability of the betulin and its relatively high solubility 

may induce lost and leaching out of the sampling point. This shows that P. sylvestris 

biomarkers are more reliable biomarkers of vascular invasion in peatland vegetation than 

betulin.  

On the whole, the patterns of chemical diversity reflect the invasion of vascular plants 

at the La Guette peatland. Our results provide evidence that selected biomarkers in soil 

samples can give a reliable picture of the surrounding vegetation. It also quantifies the area of 

influence of trees on the soil lipid composition over 20 m². The approach combining tree 

counting and quantitation of specific biomarkers that was developed in the frame of this study 

proved to be efficient in evidencing the spatial control of the surrounding vegetation on lipids 

distribution in a peatland invaded by vascular plants. 
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Loess paleosol sequences are regarded as important terrestrial archives to study 

paleoenvironmental and paleoclimatic changes. However, molecular proxies applied to these 

sequences are often restricted to a limited number of samples like 1-2 per stratigraphic unit. 

Furthermore, sampling is not adjusted to the demands of paleoenvironmental studies taking 

into account different sources of organic matter in the archives using the profile wall instead 

of a ‘3D’ sampling. Also, frequently applied standard techniques are used without thinking 

about alternatives. In the current study, we present a high resolution investigation of the 13 m 

thick Nussloch loess paleosol sequence (located near Heidelberg, SW Germany) comprising 

biomarkers, biopore assessment, color measurement and magnetic susceptibility, added by X-

ray tomography scans, enabling for an improved reconstruction of the paleoenvironment.  

For the Lower and Middle Pleniglacial part of the profile, magnetic susceptibility as a 

standard screening technique in sedimentary archives enabled mostly a differentiation of well 

developed paleosols and sedimentary material without any strong soil development. Color 

measurements as a not widely used tool confirmed these results, but enabled also 

identification of some incipient paleosols in the Upper Pleniglacial, which are visible at the 

field scale as red to orange rust stains.  

As an alternative approach, the profile was not only cleared from the side (at least 1 m 

of material was removed), but also from the top (also at least 1 m material was removed 

except for surface soil). This enabled counting of biopores, roots, rhizoliths (calcified root 

remains) and description of the profile in three dimensions, which was performed here for the 

first time to the best of our knowledge. Biopores accounted for a number of >>10.000 m-2 in a 

depth of 2-4 m. Additionally, different generations of biopores, roots and rhizoliths could be 
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identified based on their shape and size. As these features were not quantified before, possible 

incorporation of root related organic matter into terrestrial sediments was completely ignored 

and only aboveground biomass was assumed as sole source of organic matter determined for 

loess and other terrestrial sediments.  

Molecular proxies like lipids enabled also tracing of soil formation and differentiation 

of organic matter of sedimentary and post-sedimentary origin, especially as also transect 

samples from roots towards root-free sediment were investigated. In general, large rhizoliths 

(>2 mm) could be attributed to woody vegetation, whereas smaller ones (<2 mm) were related 

to grass vegetation. The intensity of root related overprint was significant in depths of high 

rhizolith frequency. This led to the conclusion that a substantial part of sedimentary organic 

matter was impregnated by root derived organic matter, incorporated later date than 

sedimentary organic matter. This points to the demands of three dimensional assessment of 

terrestrial sediments that are prone to rooting. Results of non-destructive X-ray tomography 

measurements, performed on a few rhizoliths and surrounding sediment, confirmed this by 

revealing abundant calcified fine roots and uncalcified biopores around large rhizoliths. This 

non-invasive technique enabled an assessment of the whole biopore system of calcified and 

non-calcified roots, pointing to a root related pore volume of 1-6 % in the investigated profile. 

In combination with density values and the estimation of rhizosphere extension we were able 

to determine the likely overlay of the rhizosphere systems in depths with a high rhizolith 

frequency. This potentially strong root related overprint of sedimentary organic matter 

suggests the demand of an improved assessment of root remains in terrestrial archives and a 

correction of the lipid signal and other parameters in the presence of modern or ancient roots 

to ensure a proper paleoenvironmental reconstruction.  

With the combination of the chosen methods we were able to decipher different 

sources of organic matter in loess paleosol sequences in terms of age and vegetation. As an 

overprint of sedimentary signals entails considerable problems regarding proper 

environmental reconstruction, corrections are required, which will be presented for the first 

time. 
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Recently, biochar has been proposed as a soil amendment that can improve some soil 

properties, like aggregation, organic matter content, water holding capacity and nutrient 

content, and therefore having a positive effect on the.soil quality and crop productivity. 

However, the reported data about the impact of biochar application on soil are few and 

sometimes conflicting. The objective of this work was to evaluate the effect of biochar 

application on soil carbon (C) content and fertility level of a subtropical Cambissol.  

The field experiment was implemented in February 2010 at the State University of 

Centro-Oeste in Irati, Paraná state - Brazil. The soil is classified as a Haplic Cambisol. The 

employed biochar in this experiment came from fine residues of burnt trees and was produced 

at the field by local farmers. About 70% of the biochar particles were smaller than 2 mm and 

it was incorporated with light harrow into the 0-10 cm soil layer. Four treatments with four 

replicates were established according to the applied doses of biochar: T1 - 0 t ha-1; T2 - 10 t 

ha-1; T3 - 20 t ha-1 and T4 - 40 t ha-1 and Eucalyptus was planted on all sites. In each site, 

samples, composed by three subsamples, were collected in September 2011 in four soil depths: 

0 - 5; 5 - 10; 10 - 20 and 20 - 30 cm. Soil samples were air dried and passed through a 

9.52mm sieve followed by a 2,00 mm sieve. Soil C content was determined by dry 

combustion and the following chemical properties were determined: pH in water, P, 

exchangeable K, Al, Ca and Mg, potential acidity (H + Al), base saturation (V%), and cation 

exchange capacity (Tedesco et al., 1995). Clay content was determined by the pipette method 

(Embrapa, 1997). Mean comparison by Tukey’s test (10%) was performed using SAS.  

In spite of the biochar incorporation until 10 cm depth, the main alterations in 

chemical properties occurred in the 0-5 cm layer and this might be related to the uneven 

incorporation of the biochar due to its very fine grains. The application of 40 t ha-1 increased 

significantly the pH value compared with the treatment with no biochar application in 

superficial soil layer (0-5 cm) (Table 1). The same behavior was observed for P content, 

where an increase of 5.4 mg P dm-3 occurred under T4 in comparison with T1 (Table 1). The 

K content tended to increase gradually T1 to T4 in the 0-5 cm layer. Concerning the C content 
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the main impact was observed in 0 - 5 cm layer where the application of 40 t ha-1 (T4) of 

biochar increased in 15.5 g kg-1 the C content in comparison to T1. In the same layer, Ca 

content was significantly increased in T4 compared with T1, while Mg content was not 

affected by biochar application (Table 1). The values of Al+H, CEC and V% were not 

affected by ther biochar application.  

From our results we conclude that after 19 months of 40 tons of biochar application to 

a degraded area of a Cambisol, the soil C content increased and fertility status improved. 

Nevertheless, the positive impact on the soil properties was only noticeable until 5 cm depth.   

 

Table 1. Soil chemical properties and clay content in the four biochar treatments.   

Treatments Depth Clay pH  P K C Al Ca Mg Al+H CEC V 

 cm %  mg dm-3 g kg-1 cmolc dm-3 % 

T1 

0 – 5 41 4.85 Ab 6.38 Ab 278 Ab 41.1 Ab 1.85 Da 6.25 Ab 3.7 Aa 19.98 Ba 30.63 Ba 37.25 Aa 

5 – 10 46. 4.70 Ba 5.45 Ba 201 Ba 36.2 Ba 3.65 Ca 4.18 Ba 2.43 Ba 26.55 ABa 33.63 ABa 23.00 Ba 

10 – 20 40 4.50 Ca 4.30 Ca 150 BCa 29.3 Cb 5.30 Ba 2.73 Ca 1.30 Ca 35.18 Aa 39.55 Aa 11.75 BCa 

20 – 30 43 4.43 Ca 2.95 Da 129 Ca 24.8 Da 6.33 Aa 2.05 Ca 1.00 Ca 35.83 Aa 39.15 Aa 9.00 Ca 

T2 

0 – 5 38 5.05 Aab 8.33 Ab 298 Ab 45.0 Ab 1.50 Cab 6.93 Aab 4.15 Aa 15.05 Ba 26.88 Ca 46.5 Aa 

5 – 10 41 4.80 Ba 5.50 Ba 206 Ba 36.9 Ba 2.70 Ca 4.50 Ba 2.80 Bba 21.30 Ba 29.08 BCa 28.25 ABa 

10 – 20 42 4.63 BCa 4.43 Ba 151 Ba 30.8 Cab 4.40 Ba 2.85 BCa 1.60 BCa 32.65 Aa 37.43 ABa 13.25 BCa 

20 – 30 34 4.55 Ca 3.85 Ba 136 Ba 24.2 Da 6.10 Aa 1.83 Ca 1.13 Ca 35.83 Aa 39.10 Aa 8.25 Ca 

T3 

0 – 5 37 5.05 Aab 7.28 Ab 338 Aab 46.0 Ab 1.05 Bab 7.20 Aab 4.43 Aa 13.98 Ba 26.45 Ba 48.25 Aa 

5 – 10 40 4.80 Ba 5.95 Ba 269 Ba 38.6 Ba 1.95 Ba 6.05 Aa 3.70 Ba 19.60 Ba 30.00 Ba 36.00 Ba 

10 – 20 43 4.63 Ca 5.20 Ca 177 Ca 31.4 Cab 4.00 Aa 3.63 Ba 2.08 Ca 33.00 Aa 39.13 Aa 17.00 Ca 

20 – 30 38 4.53 Ca 3.50 Ca 135 Ca 23.7 Da 5.58 Aa 2.38 Ca 1.43 Ca 36.23 Aa 40.33 Aa 11.00 Ca 

T4 

0 – 5 36 5.20 Aa 11.78 Aa 391 Aa 56.6 Aa 0.65 Cb 9.08 Aa 4.85 Aa 12.10 Ca 27.13 Ca 56.25 Aa 

5 – 10 43 4.75 Ba 5.53 Ba 278 Ba 40.8 Ba 2.98 Ba 4.83 Ba 2.63 Ba 25.75 Ba 33.88 BCa 25.25 Ba 

10 – 20 39  4.60 BCa 4.50 Ba 174 Ca 36.0 Ba 4.98 Aa 3.23 Ca 1.58 Ca 35.18 Aa 40.38 ABa 14.0 Ca 

20 – 30 32 4.50 Ca 3.30 Ba 120 Ca 28.8 Ca 5.33 Aa 2.78 Ca 1.40 Ca 37.03 Aa 41.48 Aa 12.5 Ca 

Means with the same capital letter do not differ within the same treatment. Means with the same lowercase letter 

do not differ within depth, Tukey 10%. 
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Isoprenoid and branched glycerol dialkyl glycerol tetraethers (i-GDGTs and br-

GDGTs, respectively) have been shown to occur in marine, lacustrine and terrestrial-derived 

organic matter and represent the core membrane lipids from archaea (i-GDGTs) and 

(acido)bacteria (br-GDGTs). In soils, both types of GDGTs generally co-occur, br-GDGTs 

being predominant, whereas the opposite situation is encountered in the case of marine and 

lacustrine settings (Hopmans et al., 2004). However, if GDGT occurrence and distributions 

are well documented in the case of marine and freshwater sediments, only scarce information 

is available regarding these compounds in soils, and notably in deep soil horizons.  

We report here the analysis of GDGTs in a series of acidic soil surface horizons from 

12 sites located in the Vosges (France), all with a stable vegetation cover (grassland and 

forests) for at least 150 years. In addition, GDGT vertical distributions from 3 soil profiles 

(acidic soils) have been examined. 

In all but 2 of the soil surface horizons, br-GDGTs largely predominate, the 

distribution of i-GDGTs being generally restricted to the presence, in trace amounts, of 

GDGT I (for structures, see Fig. 1) and, to a lesser extent, GDGT V (crenarcheol). Among 

br-GDGTs, compound VIII is generally prevailing (8 out of the 12 samples), followed by 

VII which predominates in 2 samples, in agreement with previously published data on soils 

(e.g., Weijers et al., 2006). In 2 soil horizons (forest soils, pH of ca. 3.7), however, i-GDGTs 

I-V occur in rather high relative amounts, and predominate over br-GDGTs in one case. 

Within the soil profiles, in one case (alocrisol, under forest), br-GDGTs VI-VIII 

represent the almost entire GDGTs from the top (5-15 cm) to the deepest (45-60 cm) soil 

samples (5 samples analysed), the predominance of VII vs. VIII varying with the samples. In 

contrast, the two other soil profiles (acid cambisol, pH 5, under forest, and umbric leptosoil, 

pH 3.7, under grassland) show a progressive increase of the relative abundance of i-GDGTs 
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I-V with increasing depth, i-GDGTs becoming even predominant in the deepest sample from 

the umbric leptosol (Fig. 1).  

The present observations regarding the distribution and abundance of i-GDGTs in 

acidic soils (pH < 5) are in contrast with those reported by Weijers et al. (2006) and Yang et 

al. (2012) who suggest that soil i-GDGTs become abundant/predominant in the case of 

alkaline soils (pH > 8) and led Yang et al. (2012) to propose a new index (RAI) as a proxy of 

the pH values of paleosols. In the view of our results on acidic soils, further studies are 

clearly needed to enlarge the data set on GDGT distributions in soils, and to determine the 

precise biological origin(s) of GDGTs in soils in order to identify the factors influencing their 

distributions both in surface and in deep soil horizons. 

 

Figure 1: HPLC-MS mass chromatograms m/z (1302+1300+1298+1296+1292+1050+1036+1022) 
showing the distribution of GDGTs from the top soil (a) and deep soil horizon (b) from an umbric 
leptosoil profile collected in the Vosges (Falimont, France). 
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Organic matter of soil originates from vegetation, from soil biota and from 

anthropogenic sources. The predominant part of soil organic matter is macromolecular, 

although lipids are minor component, nevertheless an important one because of their highly 

diagnostic value for the elucidation of biological sources and alteration processes. 

Hydrocarbons (HCs) are the most resistant lipids in soils allowing for the reconstruction of 

recent and fossil environmental conditions and paleoclimate evolution. Our study focuses on 

cognition of lipids in Hungarian soils. 

The objective of this work was to study organic geochemical characteristics of a set of 

Hungarian soils according to the Hungarian Soil Taxonomy (Stefanovits, 1963). The 

terminology of World Reference Base for Soil Resources (FAO/ISRIC/ISSS, 2006) was also 

applied to soil types examined. Depth profile of parameters, geochemical characterization of 

the organic matter (concentrating on lipid fractions), and soil chemical data were investigated, 

as well as stable isotopic compositions (δ13C and δD). The present report is a part of a 

continuing study in which the Hungarian soil types are being examined. For the extraction of 

lipids chloroform/methanol (3/1, v/v) was used, shaken rigorously (3*20 hours) at room 

temperature. The isotope measurement was carried out as published earlier (Sajgó et al., 

2011). 

Eight A horizons of soil types have been analysed: black rendzina, brown rendzina, 

red clay rendzina, typical meadow soil, clay leaching brown forest soil, clay leaching brown 

forest soil (shallow, truncated), podzolic brown forest soils, chernozem (Hungarian taxonomy) 

or in WRB taxonomy as follows: Rendzik Mollic LEPTOSOL, Rendzik LEPTOSOL, Haplic 

LEPTOSOL (calcaric, humic), Calcic CHERNOZEM (taptogleic), Cutanic LUVISOL 

(epiruptic, endoclayic), Luvic, Epileptic PHEOSEM, Leptic ARISOL (humic, siltic), Haplic 

CHERNOZEM (hiposodic, pachic, siltic), respectively; and 6 depth profiles: red clay 

rendzina: Haplic LEPTOSOL (calcaric, humic), typical meadow soil: Calcic CHERNOZEM 

(taptogleic), clay leaching brown forest soil: Cutanic LUVISOL (epiruptic, endoclayic), clay 

leaching brown forest soil (shallow truncated): Leptic ARISOL (humic, siltic), podzolic 
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brown forest soils: Luvic, Epileptic  PHEOSEM, chernozem: Haplic CHERNOZEM 

(hiposodic, pachic, siltic). 

The GC traces of non-aromatic hydrocarbon assemblages are unusually predominated 

by even n-alk-1-enes in the majority of samples and by n-alkanes in the minority of them, the 

ratio of the two homologues is discriminative. The GC traces of two homologues demonstrate 

tripartite, short-chain: C16-20, mid-chain: C21-24 and long-chain: C25+ normalised sums. 

The individual distributions of the homologues in the samples are characteristic. In the case of 

the short-chain and mid-chain n-alkanes the even C-number predominance was observed and 

the long-chain n-alkanes demonstrated an odd C-number predominance in the majority of the 

samples. 

The δ13C values of NSO fraction of lipids are generally more negative than those of 

the total organic matter. The differences increase as a function of depth and influenced by the 

soil type [e. g. are higher in Leptic ARISOL (humic, siltic) than in Cutanic LUVISOL 

(epiruptic, endoclayic)]. With increasing ratio of non-aromatic HC to NSO lipid fractions the 

δ13C values generally become less negative. In some depth profiles a linear trend of δD values 

was observed. 

Combined interpretation of the organic geochemical analysis of lipid fractions and 

isotope data revealed the origin and environmental conditions referring to changes in 

vegetation over geological timescales in different soil profiles. Knowledge of the geochemical 

cycling of lipids in pedosphere will help facilitate understanding of the processes which 

support carbon cycling in different soil types. 
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At present, many biogeochemistry investigations are using stable C isotope mass 

spectrometry, but for the correct use of 13C isotopic methods, particularly for soil organic 

matter (SOM) studies at natural abundance levels, it is necessary to know the extent of 

possible isotopic fractionation occurring during different stages of plant decomposition. 

Isotopic fractionations occurring during decomposition of a highly resistant plant component 

such as lignin have direct implications for assessment of long-term SOM dynamics. From 

work of Benner et al. (1987) we know that isotopic fractionation occurs in different plant 

metabolites. In particular lignin is often depleted (up to 4 ‰) in 13C as some of its precursors 

are depleted. Despite the direct implications of possible C isotopic fractionation during 

decomposition processes for a correct use of 13C techniques in multitude of disciplines 

related to the environment, agriculture and geosciences, C isotopic dynamics during 

biological transformations of major structural plant biopolymers remains mostly unexplored 

(Fernandez and Cadisch, 2003) and knowledge of the factors affecting the natural abundance 

of 13C on SOM are limited. This research evaluates the importance of the isotopic 

discrimination process of the 13C during lignin biodegradation (which takes place during the 

last stages of vegetal decomposition) in order to obtain more reliable estimates of the 

contribution of this highly resistant plant component to SOM buildup, as well as the soil 

environment influence because in the soil such isotopic fractionation maybe further 

exacerbated by the discriminatory action of different micro-organisms. 

Carbon mineralization activity and changes in the isotopic 13C composition during 

aerobic decomposition of lignin, soil, and soil-lignin mixtures were monitored over the 

incubation period. Hydrolytic lignin and a soil developed under a C3 vegetation were used for 

this study. Lignin was enriched in 13C as compared with soil samples. Organic matter from soil 

decomposed faster than pure lignin and the soil + lignin mixture showed a synergic behaviour, 

its decomposition rate being higher than the addition of soil and lignin individual effects 

(Fig.1a). During the lignin decomposition process, the CO2-C released was 13C-depleted as 

compared with the initial substrate (Fig. 1b). Consequently with ongoing decomposition, the 
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solid residue became progressively 13C-enriched. The intramolecular discrimination against 13C 

seems to be significant during the degradation of this plant structural biopolymer by 

microorganisms. The results obtained also revealed the strong influence of the soil environment 

on 13C dynamics during microbial decomposition of lignin (Fig. 1b, 1c, 1d). 
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Figure 1.  Cumulative C mineralization coefficients during a long-term incubation experiment 
under laboratory controlled conditions (a) and temporal evolution of the 13C signature of the 
CO2 released during biodegradation of the different substrates studied: lignin (b), soil (c) and 
a mixture of lignin and soil (d). 

These new findings suggest a possible explanation for the slight 13C-enrichment 

widely reported along the decay of plant litter on natural ecosystems and contributes to a 

better understanding of C isotopic dynamics during biological transformations, with the 

subsequent impact on the isotope science community. 

 
REFERENCES: 
Benner, R., Fogel, M.L., Sprague, E.K., Hodson, R.E., 1987. Depletion of 13C in lignin and its 

implication for stable carbon isotope studies. Nature 329, 708-710. 
Fernández, I., Cadisch, G., 2003. Discrimination against 13C during degradation of simple and 

complex substrates by two white rot fungi. Rapid Communications in Mass Spectrometry 
17, 2614-2620.  

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 532 -



DEVELOPMENT OF SIZE OF HUMIC PARTICLES IN AQUEOUS SOLUTIONS 
 

Michal KALINA* Martina KLUČÁKOVÁ and Kateřina VĚŽNÍKOVÁ 
 

Brno University of Technology, Faculty of Chemistry, Centre for Materials Research CZ 
1.05/2.1.00/01.0012 

*) Corresponding author: xckalina@fch.vutbr.cz 
 
Humic acids (HA) represent material of outstanding biological and environmental 

impact (Schnitzer and Khan, 1972; Stevenson, 1994). Their main function in soils and 

sediments is to impact the porosity and to act as a sorbent and reservoir of water and different 

kinds of chemicals (Jansen et al., 1996). The role of size, conformation, molecular weight and 

aggregation process of HA seems to be very important for modelling of the reactivity and 

possible future applications of HA. The main problem of HA characterization is their huge 

heterogeneity and tendency to associate in solutions with their increasing concentration. HA 

particle size is significantly influenced by variations in ionic strength and pH. Results of 

the studies of Piccolo et al. (1996) describe micelle-like behavior of HS particles in solutions 

with supramolecular structures made of small building blocks. 

The main object of this contribution is deeper study of behavior of HA in aqueous 

solutions by means of dynamic light scattering (DLS), that can provide the information of 

particle size distribution and polydispersity of measured sample (Brown, 2011; Xu, 2000). 

The presented study is focused on the optimization of method for measuring of humic 

particle sizes in aqueous solutions. The work is also dealing with the study of the effect of 

concentrations of humic samples and the influence of the solution conditions such as pH, 

ionic strength… The results were compared for humic samples that differ in the source of 

the material and also in after-extraction treatment.  

 

 

Figure 1: pH development of a) average size (black circles, main y-axis) b) polydispersity (white 
circles, minor y-axis) of HA; the black line indicates the aggregation of HA 
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More details on the process of extraction as well as on the chemical structure of HA 

can be found in (Sedláček and Klučáková, 2009; Klučáková and Pekař, 2005). Considering 

the results, the settings and the limits of the method of DLS, the range between 0.1 and 

4 g·dm−3 was found as the optimal for measuring on Zetasizer Nano ZS. The measuring also 

indicated strong pH dependence of humic particle sizes with the maximum at pH equal to 10 

(Figure 1). At low pH value humic acids were coagulating. The effect of ionic strength showed 

results as was expected. At the beginning, with increasing concentration of salt in solutions 

size of humic particles decreased. Further increasing of ionic strength caused shielding of the 

negative charge of functional groups of humic acids, humic particles started to aggregate and 

the particle size was increasing. This effect was more rapid in the case of salts containing the 

cations with higher valence. 
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Andosols are usually formed from volcanic substrates, with thick dark A horizons rich 

in organic carbon (5-20%), occurring mainly in the form of stabilized humic material. The 

peculiar properties of these variable-charge soils are due to the occurrence of poorly 

crystalline materials such as allophanes, imogolite and other Fe and Al oxyhydroxides. Such 

materials are prone to form organo-mineral structures with a high degree of stability. 

Consequently, Andosols store much more organic matter (OM) than other soils under similar 

conditions (Rodríguez-Rodríguez et al., 2002 and references therein). 

This work complements previous results using analytical desorption/pyrolysis to 

elucidate soil organic matter structure in andosols. The samples studied were organic A 

horizons of three soils with andic properties and one non-andic soil (Sodic Cambisol) from 

the island of Tenerife (Canary Islands, Spain). A complete description of the soils including 

Py-GC/MS features of different organic fractions can be found in (González-Pérez et al., 

2007). In order to further enlighten soil organic matter (SOM) molecular composition and its 

relation with the mineral matrix, the results from a comparative study is described here where 

whole soil and hydrofluoric acid (HF) demineralised samples were analysed by solid state 

NMR spectroscopy (CP-MAS 13C-NMR) and analytical pyrolysis (Py-GC/MS) at 500º C. 

The results obtained are summarized in the figure. This study demonstrates that the 

removal of minerals, including paramagnetic components, improves the resolution and 

sensitivity of the complementary analytical techniques solid-state 13C NMR and Py-GC/MS. 

The results on specific compounds present in the soil organic matrix obtained by Py-GC/MS 

complement the structural information provided by 13C NMR, and when used in combination, 

these techniques allow the elucidation of relevant structural features and processes in soils. 

Specifically, our findings support previous ones, suggesting the occurrence of high-

performance organo-mineral sequestration mechanisms of aliphatic moieties (with main 

precursors from polysaccharides and plant lipids) in andosols (González-Pérez et al., 2007) 

and that HF treatment of soils is efficient in removing Al and Fe-oxides, freeing organics 
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bound to the soil mineral phase (Knicker et al., 2005). Compound assemblages after pyrolysis 

and total 13C NMR signal recovered of HF treated soils are richer and better resolved. The 

presence of easily identified compounds from diverse biological precursors in the soil 

pyrolysate after HF treatment may indicate an incorporation of microbial and plant 

metabolites into the stable C fractions. Likewise, the disappearance of compounds after HF 

treatment may be an indication that those are loose bonded to the mineral matrix.  
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In Mediterranean ecosystems, wildfires occur frequently and lead to major changes of 

the quantity and quality of soil organic matter (SOM). The effect of the fire in SOM depends on 

several factors such as fire intensity, the vegetation or fire type. After moderate wildfires the 

carbon (C) and nitrogen (N) content of the SOM increase and new aromatic compounds are 

formed by the cyclization and dehydration of carbohydrates, lipids and peptides (Almendros et 

al., 2003). 

In terrestrial ecosystems, N is a limiting growth factor and as such its concentration and 

availability is closely associated with the biological productivity and thus with the global C 

cycle. In fire-prone regions, la formation of pyrogenic organic matter (PyOM) is expected to 

represent a major N stabilization mechanism. However, recent studies indicated that N 

incorporated into PyOM can be used for plant growth (de la Rosa and Knicker, 2011). In order to 

investigate the concept of PyOM as slow N release source for the recovering vegetation after 

wild fires, a medium-term pot experiment of one year was designed to study the plant-

availability of organic N from PyOM relative to mineral N and that immobilized in decaying 

grass residues. Therefore, Lolium perenne was grown on soils from fire-affected and unaffected 

Cambisols sampled four years after a severe fire. The pots were fertilized with mixtures of highly 
15N-enriched or unlabeled material (15N-PyOM/KNO3, 

15N-grass residues/KNO3; 

K15NO3/PyOM, K15NO3/grass residues, controls). The PyOM was produced by charring grass at 

350°C for 8 minutes. This approach enabled us to follow the partitioning of the isotopic label 

between soil organic matter, plant material and microbial residues by isotopic ratio mass 

spectrometry (IRMS) and solid-state 15N nuclear magnetic resonance (NMR) spectroscopy. The 

incorporation of the pyrogenic organic 15N into the soil microorganism was studied by its 

recovery within the amino acid fraction extracted with 6 M HCl (22 h, 110ºC) from the soil. 

Their identification was performed by gas chromatography mass spectrometry (GC/MS). 

The solid-state NMR spectra of the used soil material confirmed by the presence of 

an intense signal in the chemical shift region of aromatic C that four years after the intense 
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fire PyOM was still present in the fire-affected soil. The respective solid-state 15N NMR 

spectrum showed no clear evidence for the presence of black nitrogen (BN), possibly because 

its signal was masked by that of amides derived from of the fresh litter input and microbial 

reworking. Comparably, only slight differences were observed with respect to quantity and 

quality of the extractable amino acids fraction. In both soils, the latter was dominated by 

alanine, leucine, isoleucine and valine.  

Analysis of the fire-induced alteration of organic N in grass material confirmed that 

charring leads to a transformation of peptides into heterocyclic compounds, resulting in a 

reduction of extractable amino acids by a factor of approximately 30. However, the fact that at 

least some amino acids were still identified, allows the assumption that some peptides resisted 

major thermal degradation, possibly by protection within peptide cycles. After application of 

the grass-PyOM to the soil in the pot experiment, the newly growing plants efficiently used 

the N released from PyOM, supporting earlier observations that heterocyclic N is less 

bioresistant than commonly assumed (de la Rosa and Knicker 2011) Preliminary estimation of 

the 15N contents in the amino acids fractions of the soil organic matter showed that 

comparable to the use of N from decaying grass material, BN can be used as a nutrient source 

for the build-up of biomass amino acids.  

From this observation it can be concluded that BN plays a major role for the recovery 

of fire-affected ecosystems by preventing fast N-loss due to its incorporation into PyOM. 

After initiation of biological activity the decomposition of PyOM leads to a slow release of 

the nutrients which then are available for the newly developing vegetation.  
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The global demand for forest products such as wood, pulp and paper promoted the 

expansion of forest plantation areas and also the forest industry sector. According to ABRAF 

(Brazilian Association of Planted Forest Producers), the country’s area of forest plantations 

was 7 million ha in 2011 and it is expected to further increase up to 8 million ha until 2014. 

Several studies have indicated changes in the soil organic matter (SOM) stocks after 

introduction of forest in grassland areas (Gatto et al., 2010; Fialho and Zinn, 2012). However, 

studies about the alteration of the SOM composition after afforestation are still scare. In this 

context, the chemical composition of SOM from Acacia and Eucalyptus plantation areas in 

Southern Brazil (30º32’S, 52º31’W) was investigated by Pyrolysis-Gas 

Chromatography/Mass Spectrometry (GC/MS). An adjacent area, exhibiting the initial 

condition before forest plantation, was used as reference. 

Approximately 0.5 mg of bulk soil and plant material was pyrolysed at 500oC for 30s 

using a PY2020iD Double-shot pyrolyzer connected to an Agilent 6890N GC-MS system (30 

m, 0,25 mm i.d., 0,25 μm film thickness DB1701 capillary column). Individual compounds 

were identified by analysis of the mass fragments, retention time and by comparison of the 

mass spectra with computerized libraries (Wiley and NIST). The peak areas of the different 

pyrolysis products were calculated by the relative abundance, normalizing individual product 

peak area to the total peak area for all the assigned pyrolysis products, i.e. the sum of all 

peaks areas corresponds to 100% of the total ion current (TIC).  

 The main groups identified were: straight and branched chain alkanes/alkenes, fatty 

acids, lignin derived methoxyphenols, N-compounds, polysaccharides, phenols, 

polyaromatics (PAHs), aromatics (mainly alkyl benzenes), terpenoids and plant biomarkers 

compounds.  
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In the soil under Acacia plantation the relative abundance of polysaccharide-derived 

compounds was higher than in the correspondent initial condition, containing 30% of TIC. Of 

those, approximately 13% corresponds to anhydrosugars which probably is from Acacia litter 

(11% levoglucosan) input into the soil. The Eucalyptus leaves showed high proportion of 

polysaccharide-derived, mainly levoglocusan (23% of TIC), which is not reflected by the 

incorporation of these compounds in the litter samples, as observed in Acacia system.  

The n-alkanes (C11-C33) and n-alkenes (C8-C30) constitute a large part of the pyrolysis 

products (6-30%). A homologous series of n-alkanes from plant samples showed a bimodal 

distribution with maxima at C13 or C15 and C26 or C31. The modal distribution of the n-alkanes 

homologous series from soils was not clear, but showed the maxima odd C number (C31 or 

C33). The pattern distribution of n-alkanes in Acacia soil was similar to that found in the 

initial soil condition, except for the high peak at C31, which probably derives directly from the 

Acacia litter input. In the soil under Eucalyptus plantation the pattern distribution of n-alkanes 

did not resemble that from the plant.  

The content of N-compounds, phenols, aromatics, poly-aromatics and lignin derived 

methoxy-phenols obtained in forest systems were similar to that initial soil condition.  

According to these results we concluded that the Acacia plantation promoted alterations 

in the chemical composition of SOM on a molecular level whereas in the Eucalyptus 

plantation area no significant changes were observed. 
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Soils formed on volcanic materials are rich in non-crystalline minerals as allophane, 

imogolite and other aluminium silicate clay minerals, as well as in sesquioxides (aluminium 

and iron oxides and hydroxides). These soils accumulate high quantities of soil organic matter 

(SOM) usually attributed to the formation of organic-mineral complexes. In acidic 

environments (pH < 5) the formation of non-allophanic (metal-humus complexes) soils 

predominate over allophanic (allophane complexes) soils which formation is favoured at 

higher pH conditions (pH > 5).  

In terms of residence time, SOM bears a different quality depending on whether it is 

free, no associated to the soil matrix, or it is associated to the mineral fraction forming  metal 

(mon-allophanic andosols) or allophane complexes (allophanic andosols). Nonetheless, SOM 

protecting mechanisms that act in these soils remain uncertain, and it is no clear whether 

organic-mineral/metal complexes are the main protection mechanism in these soils 

(Hernández & Almendros, 2012 and references therein). 

The aim of this work is to enlighten which protection mechanisms are acting 

preferentially in high mountain volcanic derived soils from the Canary Islands. The samples 

studied were taken from 19 diagnostic A horizons, chosen to be representative of the different 

parent materials, vegetation and climatic conditions in the area (Teide National Park). 

Physical and chemical properties possibly controlling SOM accumulation were analysed in 

whole soils and in two density fractions (δlight < 1.9 g ml-3 < δheavy) separated using a 

tungsten salt solution.  The molecular features of SOM were studied in detail by analytical 

pyrolysis (Py-GC/MS) at 500º C in bulk soil, plant materials, decaying litter and the two 

density fractions. 

The study of this diverse and almost pristine collection of high mountain ash soils 

allow the identification and confirmation of the existence of two different mechanisms 

involved in SOM preservation and stabilization, also appointed by Nierop et al. (2009), and  

that seems to be strongly influenced by the type of andosol. 
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1) In allophanic andosols SOM is predominantly associated to non-crystalline minerals 

forming organo-mineral complexes. The structure of this OM as seen by Py-GC/MS 

shows a high relative proportion of polysaccharide and protein derived N-compounds 

with a probable secondary origin that may adsorb to the short range order minerals. 

This has been previously observed in andosols (Buurman et al., 2007; González-Pérez 

et al., 2007; Tonneijck et al., 2010) and recently directly in allophane-type 

nanoparticles (Calabi-Floody et al., 2011). 

2) In non-allophanic andosols SOM binds mainly to metals forming organo-metal 

complexes (Shoji et al., 1993). In this situation a selective preservation of relatively 

unaltered plant components seems to prevail. The structure of this OM as seen by Py-

GC/MS is dominated by aliphatic compounds (saturated and unsaturated 

hydrocarbons) retaining the plant signature as well as a clear lignin component with 

abundance of methoxyphenols. This SOM molecular assemblage may be related to a 

sequestration mechanisms implying a protective role of amorphous minerals with, 

either the formation of stable micro-aggregates where SOM is encapsulated over the 

long term (Matus et al., 2008), the formation of mineral coatings (Tisdall & Oades, 

1982; Percival et al., 2000) or of complex tri-dimensional nets of alkyl material and 

metal colloids, that combined with toxic free cations in an acidic environment, may be 

restricting microbial attack as described in Hernández et al. (2012). 
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Soil water repellency (WR) is a property that reduces affinity for water and therefore 

infiltration capacity having a major impact on hydrological, geomorphological and 

geochemical soil processes (Jordán et al., 2013). Soil WR is widely observed in different 

climatic conditions, soil types and vegetation covers (Doerr et al., 2000). In the Mediterranean 

area, evergreen trees such as pines and oaks as well as shrubs are usually associated with the 

occurrence of soil WR (Doerr et al., 2000). 

Soil WR is conditioned by different biotic and abiotic variables. It has been usually 

related with soil organic matter (SOM) content (DeBano, 2000; Doerr et al., 2000; Mataix-

Solera et al., 2013; Zavala, 2014). However this relationship could be due to specific 

compounds within the SOM pool. The origin of natural WR has been attributed to organic 

compounds released from different plant species and sources (resins, waxes and other organic 

substances; Rumpel et al., 2004). In fact, soil lipids released by plants or microorganisms play 

a relevant role on the development of WR (Lozano et al., 2013). 

This paper attempts to enlighten the relationship between soil WR, SOM content and 

the possible effects of the relative abundance and molecular assemblage of specific 

hydrophobic substances (n-alkane/alkene pairs and n-alkanoic acids) present in SOM. 

Soil samples (0-10 mm depth) were collected in Doñana National Park (Huelva, SW 

Spain) under four different vegetation types dominated by: Quercus suber (QS), Pteridium 

aquilinum (PA), Pinus pinea (PP) and Halimium halimifolium (HH). Soil samples were 

divided in different aggregate sieve fractions (1-2, 0.25-1, 0.05-0.25 and <0.05 mm), SOM 

measured and each sieve fractions studied by pyrolysis gas chromatography mass 

spectrometry (Py-GC/MS). 

A positive exponential correlation was found between SOM and WR as measured by 

the water drop penetration test (WDPT). The effect of SOM on WR was particularly evident 

in all sizes fractions QS sample and the smaller sieve fractions (<0.05mm) in all samples 

(Figure 1). 
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Figure 1.Organic matter content vs. soil water repellency (Log10(WDPT+10)). 

 
Long chain fatty acids released by pyrolysis seem to be related to soil the water 

repellency observed in the soil sieve fractions; these appear in all water-repellent sieve 

fractions under different vegetation types while not present in wettable or critically water-

repellent (0.25-1 and 0.05-0.25 mm sieve fractions from soil samples under HH; Table 1). 

PA and PP samples show a similar degree of water repellency, having also similar 

long-chain fatty acids and alkane patterns (CPI-L). This may be explained by the presence of 

inherited organic matter from PP in soils under PA, or inputs either by wind or runoff water. 

 

Table 1. Soil water repellency (mean WDPT, seconds), organic matter content (OM, %), n-
alkane long-chain carbon preference index (CPI-L), n-alkane average chain length (ACL), and 
number of long-chain fatty acids (LC-FAP). Size fractions: 1 (1-2 mm), 2 (0.25-1 mm); 3 
(0.05-0.25 mm), 4 (<0.05 mm). 

Vegetation type QS PA PP HH 

Sieve fraction 1 2 3 4 1 3 4 1 3 4 1 2 3 4 

Mean WDPT 619 1692 1800 852 480 278 656 350 33 471 41 6 0 278 

OM 35 26.8 37.2 46.9 6.2 17 27.4 2.9 7.3 21 3.4 2 3.7 25 

CPI-L 1.5 1.3 1.3 1.4 1.6 1.3 1.4 2 1.3 1.4 1.4 1.9 1.1 1.2 

ACL 19.3 18.5 18.6 18.2 17.3 16.7 16.6 16.5 17.1 16.4 19 17 18.1 18 

LC-FAP 1 2 3 1 3 2 1 5 1 1 2 0 0 0 
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 Mediterranean soils are characterized by low content of total organic carbon and 

nutrients (Bastida et al., 2007). The addition of organic compost to increase soil fertility and 

cultivation of fast growing trees for biomass purposes could be an option for the management 

of this type of soils. The effect of organic amendments (‘alperujo’ compost CA and biosolid 

compost CB) and fast growing plants (Paulownia fortunei and Eucalyptus globulus) was 

studied in a degraded soil located in Villablanca (Huelva, South of Spain).  

 Parameters related to the organic matter cycle (total organic carbon (TOC), water 

soluble carbon (WSC), Kjeldahl-N and -glucosidase activity) were analysed in order to 

evaluate the soil quality improvement in spring of 2012 and 2013. 

The experimental area was divided in 24 plots, 12 were planted with Paulownia 

fortunei and the other 12 with Eucalyptus globulus. In November 2011, three treatments were 

established for each species in a completely randomised block design with four replicates per 

treatment: CA (treatment with 4 kg of CA per plant), CB (treatment with 2.25 kg of CB per 

plant) and C (control without organic fertilization). In November 2012 a new addition of 

amendments (twice the doses of 2011) was performed.    

 TOC contents were higher in the amended treatments; this effect was clearer in the 

second sampling for Paulownia soils (Figure 1). The same pattern was observed for the N-

Kjeldalh content (data for 2013). No clear effect due to amendments was observed for the 

labile fraction of C (WSC). β-glucosidase activity values increased significantly in the 

amendments treatments. This increase was especially noticeable in the case of CB-amended 

soils (Figure 1).  

 Growth and nutritional plant status: Paulownia biomass was higher in soils where CA 

was applied (20% of increase compared to control). The eucalyptus biomass increased in 

more than 30% of the two organic amended soils compared to the control treatment. 
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 The nutritional levels studied for Eucalyptus leaves were in the normal range for this 

specie, except in the case of N and P. Contents of N (up to 3.9 %) and P (up to 0.4 %) in 

Pauwlonia confirmed the high nutritional requirements of this plant.  
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Figure 1. Mean values ± standar error for chemical and biochemical properties studied. TOC: 
total organic carbon, WSC: Water soluble carbon, β-glu: β-glucosidase activity. PA-C: 
Paulownia control, PA-AC: Paulownia-‘Alperujo’ compost, PA-BC: Paulownia-Biosolid 
compost, E-C: Eucalyptus control, E-AC: Eucalyptus- ‘Alperujo’ compost, E-BC: 
Eucalyptus- Biosolid compost. 
 

 Organic amendments showed positive effect on the soil properties related with the 

organic matter cycle. Moreover, the plant growth and its associated biomass production 

increased when the composts were added, particularly through CA addition. Our results 

suggest that fast growing plants and organic amended addition is a suitable technique to 

improve quality of soils with low level of fertility. At the same time these trees could produce 

an important biomass for energy purposes. 
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Humic substances (HS) are the most widely found organic substances on the Earth. 

Humic substances are a general category of naturally occurring, biogenic, heterogeneous 

organic substances that can generally be characterised as being yellow to black in colour, of 

high molecular weight and refractory. Humic substances form most of the organic component 

of soil, peat and natural waters, they influence the process of formation of fossil fuels, and 

play a major role in the global carbon geochemical cycle (Stevenson, 1994). In the same time 

humic substances (at first humic acids) may be regarded as a valuable substance which may 

found manifold uses for different purposes and their industrial production and application is 

growing (Ghaly et al., 1999; Brown et al., 2000). However relations between peat properties 

(especially in full peat profiles) and properties of peat humic substances have been an object 

of very few studies.  

The aim of this study is to characterize humic acids from raised bog peat samples to 

evaluate the homogeneity of humic acids isolated from the bog bodies and study peat 

humification impact on properties and structure of humic acids. 

Direct evidence of the structural features of peat humic acids provides their 13C NMR 

spectra. The signals in these NMR spectra represent different types of carbon atoms. In 

general, the spectra of all studied peat humic acids show similar characteristics, presenting 

signals which can be associated with the different functional aliphatic (C-H, C-N, O-CH3 and 

other groups and carbon in polysaccharides) and aromatic groups. The 13 C NMR spectra can 

be divided into several chemical shift ranges indicating presence of different major structural 

elements into structure of HA.  

The analysis of 13C CP MAS NMR spectra allows directly to evaluate the substantial 

differences between peat humic substances of differing origin and development of their 

structure during peat humification process. Dominant structures are characterized by 

resonance at 50-0 ppm and are common for CHn in aliphatic (alkyl) fragments. Second most 

significant structural carbon atom group is ring carbon in carbohydrates (resonance signal 90 

– 60 ppm) as well as carbon atoms in alkenes or aromatic structures (resonance signal 160 – 

140 ppm). From functional perspective important structural elements of humic acids are 
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carbon atoms in carboxylic groups (determining acidity of peat humic substances) and these 

carbon atoms constitutes ~ 10 % of total carbon atom amount. Major discussion in respect to 

structures of humic acids is about aromaticity vs. aliphaticity of humic acids. A cornerstone 

for this discussion is the fact that in peat forming mosses (commonly different Sphagnum 

species) aromatic substances are nearly absent (Ballance et al., 2012). Thus it can be assumed 

that in the humic acids isolated from upper layers of peat dominant part of humic acids 

contain alkene structures. However in humic acids isolated from deeper layers of peat bog, 

where in peat composition prevail residues of higher vegetation, aromatic structures could be 

found with a lignine residues as a precursor. 
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During the decomposition process of living organic matter, at first, degradation of 

more labile structures takes place, but at later stages the processes that are similar to 

coalification processes, pyrolitic decomposition dominate (Esteves and Duarte, 1999). The 

characteristics of the thermal decomposition process in the case of peat profile studies are 

related to the stage at which the transformation of organic matter takes place and thus can 

reveal the first stages of diagenesis of fossil carbon-containing deposits – lignite, brown coal, 

coal, etc (Gonet and Cieslewicz, 1998). For a better understanding of fossil fuel diagenesis of 

key importance could be studies of the transformation products of living organic matter 

within peat – humic substances. To better understand diagenesis of fossil fuel deposits, 

comparative studies of the thermal decomposition behavior of peat and corresponding humic 

substances have been used (Tikhova et al., 1998; Francioso et al., 2003; Francioso et al., 

2005). It could be hypothesized that during thermal treatment (heating) the processes 

naturally occurring during peat transformation take place and more labile structures are 

released, thus increasing peat and humic acid hydrophobicity. However, the correct relation of 

peat properties to its thermal decomposition character is not yet fully understood and a study 

of synchronous changes in the thermal decomposition character of material from peat profiles 

and humic substances isolated from the corresponding layers has not been done until now.  

The aim of this study was to analyze the character of thermal decomposition of peat 

and peat humic acids of two peat profiles from ombrotrophic bogs in Latvia in relation to their 

origin. 

Thermal analysis is an efficient method to study the properties of organic matter, and 

thermogravimetry (TG) and differential thermal analysis and gravimetry (DTA and DTG) 

have been used to study and compare the properties of peat and soil organic matter 

(Almendros et al., 1982). The results of differential thermal analysis show that the character 

of peat decomposition significantly depends on the composition, age, and origin of peat. 

Studies of the parameters of thermal decomposition help to identify the differences between 

peat and the corresponding humic acids, as well as the links between the peat age, 

decomposition degree, and character of decomposition process, thus ascertaining maturity of 

organic material. Accordingly, thermal analysis methods can be used for identification of the 
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origin of peat and peat humic acids. Also knowledge about properties of peat and their 

changes during thermal treatment helps to find new potentialities to innovative use of peat 

resources. 
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Nitrogen (N) isotopes have been widely utilized to investigate N cycling in terrestrial 

and oceanic environments (Brandes and Devol, 2002; McLauchlan et al., 2013). Most studies 

focussed either on inorganic N forms or involve bulk organic matter (OM), however, few 

target individual organic molecules, e.g. amino acids (AAs), which are important organic N 

forms vital to life. Bulk OM integrates a wide array of processes and forms of N that could 

affect the sensitivity and selectivity of recorded isotopic values, and inorganic N signals may 

not be reliable on long time scales. However, N isotopes of AAs, together with quantitative 

determinations, may offer new insights into N cycling, particularly the biosynthesis and 

recycling of AAs during the formation of sedimentary deposits. 

Peatlands are important molecular archives being characterized by high deposition 

rates and high OM contents. Moreover, peatlands are strongly influenced by climatic change, 

most notably their hydrological status. Water table-driven changes in oxic/anoxic conditions 

will likely affect the microorganisms central to N cycling in the peatlands. The aim of this 

research is to investigate how such changes in N cycling related to hydrological status in the 

peat lands are recorded in the δ15N values of AAs. This research is being developed along two 

parallel lines: (i) using experimental mesocosms to simulate the impacts of water table 

changes on N-cycling, and (ii) the development of molecular stratigraphic records of N-

cycling together with lipid biomarkers for peats covering the late Holocene.  This contribution 

will focus on the first theme. 

Adjacent short cores retrieved from a peat land in Wales were artificially maintained 

low and high water tables of 35 and 10 cm depth for 12 months. Total AAs were analysed by 

gas chromatography (GC), GC/mass spectrometry (GC/MS) and GC-combustion isotope 

ratio-MS (GC-C-IRMS), following hydrolytic extraction with 6M HCl and derivatisation to 

N-acetyl isopropyl esters. Preliminary results show high AA concentrations (ca. 10-28 µg mg 

peat dwt
-1) with a trend of increasing concentration towards the surface. No significant 

differences in AA distributions were observed through either of the two peat cores. δ15N 

values of AAs show similar distribution patterns within cores but with more positive δ15N 
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values being recorded at deeper depths (Fig. 1). This trend is more obvious in the high water 

table core with the greatest difference in δ15N values seen at the water table. The AAs 

concentrations are consistent with total ON contents and clearly show decrease of organic N 

down the profiles, attributable to losses via biologically mediated mineralisation. The positive 

shift of AA δ15N values with depth may be induced by microbial reworking of OM under the 

anoxic conditions (Calleja et al., 2013). Although peatlands contain microorganisms and 

substrates of great diversity, this study shows the promise of using N isotopes of AAs to study 

N cycling. Variations in N cycling are closely coupled to variations in the climate system 

(Gruber and Galloway, 2008) and the potential of bulk δ15N records covering long time scales 

has already been demonstrated (Altabet et al., 2002; McLauchlan et al., 2013). Thus, our work 

will focus on building AA δ15N records in peat cores as a proxy to study climate change. 

 

Figure 1.  Distributions of amino acid δ15N along the low (a) and high (b) water table peat 
profiles. Ala, alanine; Val, valine; Gly, glycine; Leu, leucine; Pro, proline; Thr, threonine; 
Asp, aspartate; Ser, serine; Glu, glutamate. 
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The study of the thermal decomposition of binary mixtures, whose reactants are 

present in oils, is an efficient tool to highlight the main reaction pathways and to investigate 

the oil stability in reservoirs. H2S, which is the main sulphur compound in carbonate 

reservoirs, and n-octane, which represents the alkane fraction in oils, are used to study the 

influence of H2S on hydrocarbons stability in laboratory and geological conditions (100-

200°C, 700 bar). Confined pyrolysis in gold cells of a mixture of these two reactants was 

carried out from 310°C to 350°C, under constant pressure 700 bar. The main sulphur 

products were thiophene, alkylthiophenes, octanethiols and alkyl-thiacycloalkanes. The 

identification and the quantification of the products obtained (hydrocarbons and sulphur 

compounds) allowed to construct and validate a detailed mechanistic model. 

This free-radical mechanism is composed of the pyrolysis model of pure n-octane 

(Lannuzel et al., 2010), pure H2S (Binoist et al., 2003; Cerru et al., 2006) and the cross-

reactions between the main species issued from both reactants. Different elementary reactions 

(RRD, ipso-addition, cyclization …), have been proposed to explain the formation of the 

main sulphur products (Figure 1). 

Kinetic parameters were taken from literature as NIST database (2012). However, 

because of the lack of knowledge concerning sulfur compounds, these parameters were 

estimated by different methods and some adjustments were needed to achieve agreement 

between the experience and the simulation results. 

The detailed mechanism established from experimental results in laboratory 

conditions can be extrapolated in geological temperature and pressure for duration of millions 

of years. This allows us to clarify the reactivity of H2S by kinetic pathways: at low 

temperature (200°C) sulphur compounds are preferential reaction products, while at high 

temperature (350°C) hydrocarbons are dominant. Moreover, the model can also predict the 

H2S effect on n-octane reactivity: inhibitor at high temperature (superior to 320°C) but 

accelerator at low temperature. 
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This study demonstrates the interaction of H2S and hydrocarbons can play an 

important role leading to formation of sulphur compounds in reservoirs besides of TSR, BSR. 

 

Figure 1. Examples of elementary reactions considered for the mechanism of n-
octane-H2S mixture. 
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Significant amounts of condensates have recently been discovered in Paleozoic marine 

formations in the Tazhong region, Tarim Basin, NW China. Most of these condensate oils are 

of high GOR and high APIo, with H2S and thiophenes (BTs) contents of 0.6~6.8% and 

112.43~2849 μg/g, respectively. To ascertain the characteristics and the origin of these 

condensates, a series of detailed geochemical analyses were carried out. The correlation 

between the concentrations of diamondoids and C29ααα20R sterane biomerkers indicates that 

the condensate gases had received multiple contributions from various sources. The 

conversion of most oils in the area were calculated to be over 50% based on the 

methydiamondoids content, reflecting a significant contribution from oil cracking. Though the 

depth of the Ordovician reservoir formation reaches more than 6000 m for some wells in this 

region, in-situ intense cracking of earlier normal oils has not yet occurred due to relatively 

low thermal gradient in the area. That is, most of the highly matured, cracking gas should be 

migrated from deeper formations. Indeed, there were considerable abundances of Cambrian 

biomarkers (e.g. dinosteranes and triaromatic dinosteranes) in the Ordovician oils. Moreover, 

the youngest hydrocarbon inclusions, which were trapped in association with the charge from 

the Cambrian source at about 20 Ma, were found to have high GOR and H2S content. The 

overwhelming evidence suggests that these condensate gas reservoirs in the Paleozoic marine 

formations were formed by the extensive charge of cracking gas from the Cambrian 

formations. 

H2S and thiophenes are commonly found in condensate oils in this region. They can 

be generated either by thermochemical sulfate reduction (TSR) or through crude oil cracking. 

A positive correlation between H2S and BTs suggests that those organic sulfides may have 
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been formed with the generation of H2S. Isotope analysis indicated that 34S of 

dibenzothiophenes (DBTs) is evidently enriched with δ34S ranging between +10.4 to +29.9‰ 

in some condensate oils. This suggests that H2S and organic sulfide compounds may be 

derived from inorganic sulfate. The high salinity and high concentrations of Mg2+ and SO4
2- in 

the formation water could avail the formation of contact ion pairs, which are regarded as the 

most feasible oxidants for TSR in subsurface. Geological extrapolation by the TSR kinetic 

parameters and the thermal history, confirmed that considerable H2S can be generated by TSR 

in Cambrian formation. In a typical TSR process, sulfur compounds (including thiophenes) 

were initially formed through the interaction involving H2S and hydrocarbons. Oils in the 

eastern side of the field have suffered much more intense cracking after TSR, which lead to a 

higher cracking extent and a lower BTs concentration as compared to the oils on the western 

side. This hypothesis is consistent with that the 34S of DBTs in the oils on the western side is 

more enriched. 

Therefore, it can be concluded that the accumulation of condensate gases in the 

Paleozoic marine reservoirs in the Tarim Basin is attributed to oil cracking gas from the lower 

Cambrian formations. The H2S and thiophenes were formed by TSR occurred in the 

Cambrian formations. Different cracking extent after TSR led to varied concentrations of 

diamondoids and thiophenes from the west to the east in this region. Furthermore, it can be 

inferred that future gas exploration in deep formation in the Tarim Basin should be 

prospective concerning the great gas generation potential of Cambrian formations. 
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In recent years, the world production of hard-to-recover oils with anomalous physical 

properties, particularly high viscosity, increases due to depletion of light oil reserves in the 

world. These oils comprise one-tenth of the world production, which is increasing every year. 

If the increment in oil production in the world remains at the current rate then a fourfold 

increase in the production of difficult-to-recover oil could be expected by 2030.The oils with 

a viscosity above 35 mm2/s at 20 C fall into the category of viscous oils. The need in these 

oils increases in connection with the expected oil depletion in many oil fields. In this regard, 

the study of chemical composition of viscous oils is of great interest [1]. The global database 

on chemical composition and physical properties of oils [2], created at the IPC SB RAS, 

includes now 20,200 descriptions of oil samples from 196 oil-bearing basins in all the world. 

Distribution of viscous oils depending on rock age and occurrence depth has been studied in 

[3,4]. The purpose of this communication is to study the spatial changes in chemical 

composition of viscous oils. 

An analysis of the database information showed that the main world resources of 

viscous oils (57 %) are located in the Western Canada Basin (Canada). The viscous oil 

resources of Russia are about 12 %. Venezuela ranks third in the world in viscous oil 

resources, where their total share is more 6.8 %. 

 Oil composition analysis was carried out using generalized classification of oils, 

given in [5], where the classification limits are determined for contents of sulfur, paraffin, 

resin and asphaltene taken as basic indexes of oil chemical composition.  

 
Table 1. Chemical composition and physical properties of average world viscous oils 

Oil parameters Sample 

number 

Average value Confidence 

interval 

Density, g/cm3 2033 0.9107 0.0020 

Viscosity, mm2/s 2109 1297.82 311.62 

Sulfur content, wt% 1167 1.92 0.09 

Paraffin content, wt% 1055 4.00 0.19 

Resin content, wt% 917 16.45 0.57 

Asphaltene content, wt% 979 4.63 0.24 
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Table 1 represents the statistical characteristics of physical and chemical indexes of 

average world viscous oils. Confidential intervals for the average values of these indexes were 

calculated for probability 90 %. Large volume of data used for evaluating mean values of 

these indexes determines small values of the confidential intervals. As shown in Table 1, on 

average, viscous oils are middle-viscous, sulfur-bearing, low paraffin, highly resinous oils 

with middle content of asphaltenes according to the classification of oils given in [5].  

Changes in chemical composition of viscous oils in different basins and continents 

were analyzed. It is shown, on average, viscous oils are sulfur-bearing, low paraffin, highly 

resinous oils with an average content of asphaltenes and low content of the fraction boiling at 

200 C. Study results of viscous oils peculiarities of Canada, Russia and Venezuela are given. 

It is clear from Table 1, according to the classification in [5], the viscous oil in Eurasia is 

classified as ‘high density oil’, in South America it belongs to the subclass ‘super-heavy’, and 

in North America – ‘bituminous’.  

The revealed in this work the regularities of regional changes in chemical 

composition of the viscous oils can be used to determine the optimal schemes and conditions 

of oil transportation, to improve the geochemical methods for their prospecting and 

exploration. 
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Acid gases like CO2 and H2S and organo-sulfur compounds (OSC) are undesirable 

impurities in sour gas reservoirs which have to be separated from the hydrocarbon fraction of 

the raw natural gas. Due to the noxious properties of H2S and the OSC, these compounds 

require an adequate waste management. A frequently employed method for sulfur recovery is 

the Claus process that converts H2S to elemental sulfur as a commodity. 

However, this process is rather costly and the sulfur world market is potentially 

saturated due to the increasing amount of elemental sulfur resulting from a rising production 

of sour gas. Therefore, alternative disposal options like the injection of acid gas mixtures 

become more attractive. In fact, injection of CO2/H2S mixtures of different composition in 

deep carbonate or sandstone reservoirs has been successfully carried out in Canada for more 

than 20 years (Bachu & Gunter, 2004). 

Despite the practical injection experience, little is known about the fate of OSC and 

H2S in the storage rock. Besides, only few experiments which investigated acid gas mixtures 

or OSC under the prospective storage conditions have been reported (Jacquement et al., 

2008), although such experiments can provide crucial information about possibly occurring 

redox, dissolution or precipitation reactions that can affect the injectivity or the storage 

complex integrity. 

In order to gain a better understanding of the thermochemical and redox reactivity of 

different OSC under possible geologic storage conditions, several model compounds (1-

propanethiol, ethanethiol, diethyl sulfide and diethyl disulfide) were investigated in slightly 

acidic NaCl brines w/o FeCl3 at 120°C and 100 bar. Experiments were conducted in sealed 

gold tubes and in Dickson type gold-titanium cells, reaction products were analysed by 

headspace GC-FID and GC-TCD.  

Under the reaction conditions, mercaptans were by far the most reactive compounds. 

Within 14 days 1-propanethiol formed 1-propanol, propionaldehyde, dipropyl disulfide and 

CO2 (only in the presence of FeCl3) in the percent range as well as propane and propylene in 

the per mill range. For a better understanding of the processes that lead to such a complex 

product mixture, investigations of the reaction kinetics are currently underway.  
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The results of these experiments together with future experiments with minerals help 

to assess potentials as well as possible risks related to a geologic storage of acid gas mixtures 

with organo-sulfur compounds in subsurface storage sites. 
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We study how induced thermal maturation affects the distribution and S isotope ratio 

of specific organic sulfur compounds (OSCs) released from immature, sulfur rich oil shale. In 

addition, specific sulfurized biomarkers were measured as a function of thermal maturation 

ranging from the bitumen bearing raw shale as well as their evolution during pyrolysis 

experiments. We attempt to use OSC to evaluate the degree of thermal maturation, 

hydrocarbon potential and the petroleum-source rock correlation. The source rock used in the 

study is a Ghareb oil shale attained from core samples from the Shfela basin in Israel from the 

Aderet 1 drilling courtesy of IEI Ltd., exhibiting a high TOC content (17.3 wt. % from the 

bulk dry rock), and organic S content (10 wt. % from the kerogen).  

A series of pressure regulated semi batch pyrolysis experiments were conducted 

using stainless steel reactors. The experiments were operated at low pressures (up to 50 psig), 

at a slow heating rate of 4 ºC/day (200 to 400ºC). Volatile products from the pyrolysis 

experiment were condensed at 4ºC. Liquid and gas samples were collected from 250-400ºC in 

intervals of approximately 25ºC. The initial (unheated) and residual (after pyrolysis) solid 

rock were extracted and their bitumen was isolated and fractionated by polarity using liquid 

chromatography. The organic fractions were analyzed then by GCMS to identify and quantify 

hydrocarbons and especially OSCs. A fraction of these samples was analyzed for δ34S in 

specific OSCs by GC coupled to multi collector inductively coupled plasma mass 

spectrometer (GC-MC-ICPMS) (Amrani et al., 2009). In addition, inorganic S species in the 

gas and solid phases (e.g. H2S,sulfate, pyrite) were also quantified and measured for their δ34S 

values for comparison with the organic S. 

Preliminary results show that the OSCs (i.e., thiopanes, alkylated thiophenes, 

benzothiophenes and dibenzothiophenes) have a unique thermally dependent sequential 

molecular distribution. Thiolanes were released in the initial stages of the pyrolysis and their 

concentration rapidly decreased above 250ºC. Alkylated thiophenes reached maximum 
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concentration at 300-325ºC and rapidly decreased afterwards. Benzothiophenes start to form 

at 250ºC and reached maximum at 350ºC where dibenzothiophenes begin to form. Normal 

hydrocarbons (no OSCs) form at higher rates above 325ºC with relatively short chain length 

(up to n-C22).  The δ34S values generally increased with temperature up to 3-4 ‰ for 

alkylthiophenes and sulfides relative to the initial samples that were collected at 250ºC. 

Benzothiophenes and dibenzothiophenes were consistently 34S depleted compare with 

alkylated thiophenes and were closer to that in the raw kerogen. At this stage the δ34S trends 

are not well understood and need further study.  However, we speculate that the differences in 

the δ34S values for the different OSC families may be due to their formation from different 

types of sulfur bonding in the kerogen and are therefore controlled by the thermal stability of 

the C-S bonds. Since benzo and dibenzo thiophenes form at higher thermal alteration they 

probably form by the more stable C-S bonds in the kerogen.  

These preliminary results indicate that the combination of specific OSCs distribution 

and their δ34S values have a promising potential to be used as proxies for the thermal 

maturation of the source rock and its structural transformations.  
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Most organic matter from the middle-upper Proterozoic and lower Paleozoic 

carbonate source rocks in China have experienced significant thermal alteration. The 

absence of vitrinite and high- to over-maturity of these sediments render routine 

methods inappropriate in the evaluation of the maturity of these source rocks. FT-IR 

(Fourier Transform Infrared Spectroscopy) is a non-destructive method for analysing 

the structural compositions of organic matter.  In this study, FTIR was used to 

evalutate the maturity of the kerogen from the pyrolysis experiments. 

Samples were collected from Lucaogou Formation in the Santanghu Basin, 

NW China. After crushing to 80 mesh, rock samples were pyrolyzed in the 

semi-closed apparatus under a series of temperatures. The residual kerogen was 

isolated according to the procedures reported by Fu et al. (1995).  Samples prepared 

as potassium bromide (KBr) pellets were analyzed by FT-IR with a VERTEX 70 

spectrometer. 

The FT-IR analysis showed that the bands in the spectra changed dramatically 

with increasing temperature (Zeng et al., 2007) and several catagenesis stages were 

observed in the kerogens. The intensity of the FT-IR peaks such as aliphatic C-H 

stretching region (peak at 2920, 2850 cm-1), bending region (peak at 1450 cm-1) and 

oxygenated groups (peak at 1705 cm-1) were strong. Carbon dioxide was generated 

mainly below 380 oC, and the peak at 1705 cm-1 disappeared above 380 oC. Between 

420 oC and 480 oC, most alkyl groups were released from the kerogens, and the strong 

aromatic hydrocarbon absorption signal (peak at 1600 cm-1) became dominant. Some 

parameters (Figure 1) are disscussed as indicators of the kerogen during the pyrolysis 

procedures. 
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Figure 1 Potential parameters for the maturity evaluation of kerogens 

 

Figure 1A shows that, due to the enhancement of the aromatization degree of 

kerogen, index I (1450 cm-1)/I(1600 cm-1)] has a negative relationship with the Ro 

(simulated from the pyrolysis experiments according to previous work from Fu et 

al.,1992).  Parameter D1450 ( cm-1) in Fig. 1B was defined as the the shifting wave 

number of the peak at 1450 cm-1 relative to initial kerogen. The progressive red-shift 

of peak 1450cm-1 with Ro may result from the increasing conjugation of the kerogen. 

More works are in process to probe the potential parameters for the maturity 

evaluation of high- and over-mature source rocks. 
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The Oxfordian Najmah Shale is a world class source rock with average organic 

richness of 7%.  The lower part of the formation, the Lower Najmah Shale is emerging as a 

potential shale oil and gas resource system. To define the potential of these rocks as a self-

sourcing nonconventional shale gas system, a suite of source rock assessments (TOC , 

Rockeval pyrolysis, visual vitrinite reflectance petrography)  was carried out and integrated 

with kerogen kinetics and basin modeling outputs. The Najmah is characterized by 

organically rich marine type II kerogen. The maturity is in the wet-condensate window 

(measured Vitrinite reflectance range up to 1.3. Tmax based calculated up to 1.2) and carbon 

isotope data are suggestive of its thermogenic gas origin (average δ13C and δD of C1 are 

equal to -50.00 and -250.00 respectively). With these characteristics, the closest geochemical 

analogue for the Najmah is the Barnett Shale of North America. In North Kuwait, Najmah 

wells which are closer to the kitchen have higher hydrogen indices and produce wetter gases. 

Wells which are farther from the kitchen have lower hydrogen indices and produce dryer 

gases. This finding raises the possibility that Najmah thermogenic gases are probably derived 

from both kerogen cracking and secondary cracking of previously generated non-migrated 

hydrocarbons similar to the evolution of thermogenic gases within the Barnett Shale. From a 

shale gas perspective this could imply that the fields which are relatively far from the kitchen 

are expected to produce comparatively lighter hydrocarbons with higher Gas-Oil ratio. 
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The increase in global energy demand puts a strain on the reserves of conventional 

hydrocarbon (HC) resources and has led to a boom in activities around unconventional HC 

opportunities such as shale gas and oil (i.e. tight gas and oil). Another type of unconventional 

HC resource that is currently less developed and pursued is oil shale despite estimates that 

suggest that total oil shale reserves around the world are 30 times larger than that of 

conventional oil (Dyni, 2006). Oil shales are generally characterized as immature packages of 

fine grained organic rich sediments that require artificial heating to generate HCs. A 

prominent example are the Upper Cretaceous - Lower Palaeogene oil shales from Jordan that 

could become the main indigenous energy source of the country and make up ~12% of the 

world’s total oil shale reserves (Dyni, 2006). In order to improve our understanding of the 

mechanisms behind the formation of these unique deposits, we conducted a comprehensive 

study integrating organic and inorganic geochemical proxies with special emphasis on the 

processes that control the quality, quantity and spatial distribution of organic matter.  

Samples from two neighbouring core-holes (~200-250m long) obtained from Central 

Jordan were investigated using a variety of organic and inorganic geochemical tools, 

including elemental analysis, RockEval Pyrolyses, GC-MS, XRF and Fe sequential extraction. 

The overall sediment composition is dominated by total organic carbon (TOC) and CaCO3, 

which show high amplitude and high frequency fluctuations over the cored intervals. 

Diagnostic biomarker compounds that were identified include isorenieratane and 

gammacerane, which show the highest abundances in two extremely TOC-rich intervals at the 

top and bottom of the cores. Redox sensitive trace elements (TE) (e.g. Mo, U and V) show 

similar enrichments and patterns with extreme concentrations (e.g. up to 630 ppm Mo) 

typically in the most organic rich units. Fe speciation measurements are complicated by low 
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Fe concentrations in the marly sediments but generally display enrichments of highly reactive 

Fe over total Fe (FeHR/FeT>0.5) and sulphide Fe over highly reactive Fe (0.6<Fe-

S/FeHR<0.9) (cf. Poulton and Canfield, 2011). 

Our combined organic and inorganic geochemical records show strong evidence for 

the prevalence of extreme environmental conditions throughout deposition of the Jordanian 

oil shale which took place in a shallow marine setting. Overall high but varying TE (e.g. V 

and U) concentrations as well as Fe speciation data and biomarker distributions demonstrate 

that conditions were generally anoxic, but that subtle variations in the severity of anoxicity 

occurred. These conditions could probably have been maintained for long periods of time due 

to stratification of the water column as indicated by the occurrence of gammacerane. Extreme 

enrichments of Mo (and other TEs) and abundance of isorenieratane in the top and bottom 

intervals exemplify the most extreme conditions where the system became fully euxinic with 

euxinia frequently extending into the photic zone.  

The conspicuous covariation between various environmental indicators (both 

biomarkers and TEs) and TOC strongly suggest that subtle variations in redox at the reducing 

end of the scale are the main reason for fluctuations in the enrichment and quality of organic 

matter, e.g. via efficient S incorporation. Nonetheless, both sedimentological and elemental 

data suggest that dilution, mainly by carbonates (reworked and authigenic), as well as short-

lived episodes of bottom water oxygenation (e.g. bioturbation) interrupted these comparably 

longer periods of extreme redox.  
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Examination of gases from sedimentary basins in North America (Rodrigez and Philp, 

2010; Burruss and Laughrey, 2010; Tilley et al., 2011; Zumberge et al., 2012;) has shown that 

gases from sealed, self-contained petroleum systems (‘shale gas’- including shale, very fine 

grained sandstone or siltstone, and some fractured, mixed clastic/carbonate reservoirs) share a 

common maturation history that differs from conventional open system gases (Tilley and 

Muehlenbachs, 2012). This maturation history is comprised of three distinct stages, pre-

rollover zone, rollover zone, and post-rollover zone (Fig. 1).  Each zone has characteristic 

carbon and hydrogen isotopic trends.  Gases in the pre-rollover zone are isotopically normal 

(δ13Cmethane<δ13Cethane <δ13Cpropane) unless mixing of gases from different sources has 

occurred. In the rollover zone, δ13Cethane and δ13Cpropane become progressively more 

negative as δ13Cmethane becomes less negative, and ethane and methane are reversed 

(δ13Cethane< δ13Cmethane) only towards the most mature portion of the rollover zone. At the 

beginning of the post-rollover zone, δ13Cethane<δ13Cmethane, but as δ13Cethane and 

δ13Cpropane become increasingly less negative at varying rates, ethane and propane may or 

may not be reversed with respect to each other at the highest maturities.  This scheme of 

isotope maturation trends is unique in that it places all variations of isotope reversals within a 

coherent framework based on gas maturation. 

Our broad brush framework can be narrowed and tested by looking at four individual 

gas fields in the Horn River Basin, British Columbia.  Based on their extremely low wetness 

ratios (0.07 – 0.22%) and δ13Cmethane = -37.8 to -29.4 per mil PDB, all gases in the Horn 

River Basin are in the post-rollover zone, but they vary in their δ13C ratios.  δ13C values of 

gases from hydraulically fractured, multiple horizontal wells originating from a single well 

pad are surprisingly varied considering they are finished in one stratigraphic interval.  

Although inspection of the data reveals that gases from deeper formations in the Horn River 

Basin plot progressively higher in the maturity trends (Fig.1) as expected for post-rollover 

gases, the variability in δ13Cmethane values of gas from one stratigraphic unit is enigmatic.  It 

may be related to variations in permeability and porosity as well as varying ratios of free 
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versus adsorbed gas. We suggest the variability reflects small scale inhomogeneities in the 

efficiency of seals within the larger scale, self-contained petroleum system.  During 

maturation, some compartments may be sealed whereas others may have local migration into 

more permeable zones, resulting in isotopic partitioning within the shale.  Parallel horizontal 

wells from a multi-well pad will penetrate different compartments, resulting in production 

gases that have had different trapping histories. 

 

 

Figure 1.  Schematic isotopic cross plots based on observations from North American basins 
that show distinct pathways of shale gas evolution with increasing maturity,.  (a) δ13Cmethane 
versus δ13Cethane; (b)  (a) δ13Cethane versus δ13Cpropane. Arrows indicate the direction of 
increasing maturity. 
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Jurassic sediments of the Lower Saxony Basin (LSB) and of the Rhine Valley Graben 

(RVG) are indicated by Ladage & Berner (2012) as potential targets for shale gas exploration. 

The geological and tectonic development of both areas differ significantly, implying 

differences in their respective heat flow systems, which have a major imprint on the 

hydrocarbon potential of the regions (Littke et al. 2008). We evalute the palaeo-heat flow of 

the two regions using thermal maturities of organic matter, and present a methodology which 

facilitates basin modeling through easy to generate pre-modeling information. 

Borehole temperatures and maturity data (cf. Koch & Schellschmidt 2000) as well as 

physical property data have been used to restore sediment burial and uplift in the LSB. The 

method also provides maximum heat flow estimates at maximum burial for Mesozoic 

sediments. We present restored maximum burial and associated maximum subsurface 

temperatures of Jurassic sediments. The calculated effective heat flow of Mesozoic sediments 

is mapped for the LSB and adjecent regions, and shows a minimum in the basin centre while 

the rims of the LSB represent regimes of higher heat flows. The lower heat flow in the deeply 

burried basin centre is demonstrated to be related to heat flow inversion at high temperatures 

(cf. Ungerer et al. 1990), while on the flanks of the basin thermal conductivity is governed by 

subsidance and sediment compaction. 

The above aproach of reconstructing palaeo-subsurface temperatures and related heat 

flows has also been applied to selected boreholes of the RVG. Restored palaeo-temperatures 

and heat flows appear to be lower then present-day conditions in certain regions and sediment 

layers indicating that the hydrocarbon system of the RVG has only partly adjusted to a more 

recent thermal imprint of focused flow of hot fluids in the region. 

Results of our approach are applied in basin modeling and show the validity of our  

methodology with examples from the LSB and the RVG. 
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Prospective, gas bearing shale deposits in Poland include the Silurian Formation, the 

Ordovician Formation, and the Cambrian Alum shale, which range from north-central to 

south-eastern Poland as well as locally the Lower Carboniferous shales in south-eastern and 

south-western Poland. The Silurian shale that runs through Poland is laterally extensive and 

shows an average of 200 m – 500 m thickness in stratum (Kosakowski et al., 2000; Więcław 

et al., 2010). In the last years, the Silurian strata in Poland have become the target of intensive 

shale gas exploration, due to relatively high total organic carbon (TOC) content, especially 

within the Wenlock series, and its good hydraulic fracturing and production potential based 

on silica content.   

In this study, we report the results of organic geochemical analyses and a coarse 

numerical modelling as an integrated study of hydrocarbon generation in the Lublin Basin. 

The Silurian Shale is a marine (Type II) source rock with hydrogen index (HI) below 600 

mg/g and TOC up to 12%. Its kerogen consists dominantly of algae (Tasmanite / 

Leiosphaeridia prasinophyte assemblages) and acritarchs (Stelliferidium, Vulcanisphaera) as 

biogenic input. Vitrinite macerals that trace to input of vascular land plants are absent in these 

Silurian shales. Thus, visible reflectance equivalent (VRE) based on analyses of bitumen after 

Jacob (1989) was used to calibrate the paleo heat-flow. The reflectance data suggests that the 

Silurian shale is within the gas generation window near the Łopiennik IG-1 well.  

A further aim of the study was to determine kinetic parameters of bulk petroleum 

generation, the bulk compositional properties (PVT) of primary generation products, and 

deconvolution of primary and secondary cracking kinetics of gas formation using 

PhaseKinetics® evaluation after di Primio and Horsfield (2006). The kinetic model for the 

Silurian shale shows a broad activation energy distribution with Emean of 58 kcal/mol. The 

conversion of kerogen to hydrocarbons starts at around 100°C and ends at 200°C using a 

heating-rate of 3.3 K/Ma. Onset for secondary gas is at 140°C and peak secondary gas 

formation occurs at 180°C. Figure 1 shows the resulting model of methane content at the 
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Łopiennik IG-1 well. Based on the numerical model, the present day gas content is around 20 

scf/ton maximum. The highest gas saturation is inside Ludlow and Přídolí strata at present day.  

Minor hydrocarbon saturation in deeper units, e.g. Ordovician, and Cambrian, likely 

resulted from downward migration, since these older stratigraphic units are organic lean in 

this study area.  

 

Figure 1.  Simulated model of methane content at the Łopiennik IG-1 well 
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The applications of hydraulic fracturing and horizontal drilling have greatly improved 

the extraction of natural gas from unconventional shale gas reservoirs. Both economic 

benefits and environmental risks come along with shale gas exploitation and production. One 

of the important environmental issues is the water contamination by transformation products 

and chemicals used during the hydrofracturing process. The primary objective of our ongoing 

experiments is to simulate the extraction process of hydrofracturing and to analyse the 

mobility of metals and organic compounds contained in the flow-back fluids. 

Even if the total amount of additives does not exceed 2% of fracking fluids (Wood et 

al., 2011), they could remarkably enhance the solubility of heavy and radioactive elements as 

well as polar organic compounds from shales. Shales are enriched in heavy and radioactive 

elements (e.g. As, Cd, Hg, U, 226Ra, 222Rn) because they have remained under reducing 

conditions since deposition. Black shales also contain significant amounts of organic carbon 

(up to 10% TOC) from which certain percentage will be leachable when being in contact with 

water and fracking fluids. 

The experimental set up comprises batch leaching tests under different pressure and 

temperature conditions, for different extraction time spans and additives. All experiments will 

also be done using pure water, pressure and temperature conditions will be chosen according 

to in-situ conditions of important shale gas plays. The original shale will be characterized for 

its mineralogical as well as organic composition using a variety of analytical methods. The 

water soluble fractions are analyzed by different chromatographic and mass spectrometric 

methods (IC, ICP-MS, GC-MS, LC-OCD, FT-ICR-MS). It is expected that the composition 

of the flow-back fluids differs very much depending on the original shale material used for 

extraction as well as the additives and extraction designs. We intend to examine the relation 

between the composition (organic and inorganic) of different shales and their respective water 

solution fraction under different fracking conditions. Furthermore, this relationship can also 

be used to predict the possible water composition from untested black shales. At the same 
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time, with the simulation experiments we can analyse the possible influence of different 

extraction methods on the productivity of the gas shale during the hydrofracturing process. 
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Recently, stable carbon isotopic compositions of shale gas have been employed to 

determine the origin and the assessment of the economic resource potential of shale gas. 

However a little study of the geochemistry on shale gas in the post-mature stage has been 

done at present. There are two sets of shales developed with high TOC in the marine sequence 

in the southern Sichuan Basin and more than 10,000 cubic meters of shale gas is producing 

for one horizontal well every day. The thickness of Cambrian and Silurian shales ranges from 

100m to 420m and 100m to 700m, respectively. Cores and shale gases were sampled in these 

two sets of shales and organic petrological and geochemical analyses have been done as well.  

i. The maturity of shale is in the post-maturity stage. The TOC contents of 18 shales 

sampled in the Cambrian (Qiongzhusi Formation) were analysed. The abundance of 

organic matter is very high and TOC ranges from 0.93% to 4.5% with the average of 

2.01%. The maturity of shales is very high with the Ro values (calculated from the bitumen 

reflectance) from 3.1% to 3.2%. The TOC content of 37 shales sampled in the Silurian 

(Longmaxi Formation) was analysed and ranges from 0.24% to 4.64% with an average of 

2.42%. The Ro value varies from 2.70% to 2.80%. All data show that the organic matter of 

shales in the Cambrian and Silurian is very abundant and the maturity is in the post-mature 

stage. 

ii. The chemical composition of shale gas is dominated by methane. The chemical 

composition of shale gases sampled from the Cambrian and Sinian in the southern Sichuan 

Basin is dominated by methane of over 98% (Vol.). The content of ethane is less than 0.5% 

and the gas dryness is close to 1%. This indicates the maturity of the shale gas is very high. 

The content of non-hydrocarbons, for examples, carbon dioxide and nitrogen, is very low, 
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less than 0.5%. No hydrogen sulfide was determined in the shale gas. 

iii. Interestingly, the methane carbon isotope is heavier than ethane, displaying a partial 

reversal stable carbon isotope trend for C1–C2 alkanes. The δ13C value of methane ranges 

from -34.5‰ to -36.1‰. The δ13C value of ethane is from -38.5‰ to -40.3‰. The stable 

carbon isotopes of methane and ethane are heavier than that of Barnett and Fayetteville 

shale gases (Zumberge, et al., 2012). The differences between δ13C2 and δ13C1 vary from 

2.5‰ to 5.8‰. The variation of δ13C value between methane and ethane is different from 

the shale gases from Barnett and Fayetteville shale gases. The mechanism that created the 

reverses gases is still well understood and is controversial. But we emphasize that the 

partial reversal in stable carbon isotopes of n-alkanes could be the admixture of various 

gases in shales. Mixing of more ethane with light carbon isotope from oil or 

heavy-hydrocarbon cracking within shales in the over mature stage with the gas from 

kerogen cracking with heavier methane carbon isotope can cause a carbon isotope reversal 

of methane and ethane. It is also verified by the pyrobitumen determined in the shales. The 

hydrogen isotope of methane was also analysed and distributed in a range of -135.8‰ to 

-143.7‰ and shale gas is in the post-rollover zone based on the plot proposed by Tilley 

(2012). 

iv. The carbon isotope of CO2 with values of -1.5‰ to 1.3‰ is very heavy and is 

completely different from that of CO2 in the Barnett and Fayetteville (Zumberge, et al., 

2012). But it is clcoe to the carbon isotope generated from the kerogen in the post-mature 

stage and speculated to be from the kerogen cracking in the post-mature stage. 
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Shale oil and gas are presently becoming important exploration targets worldwide. To know 

how much oil could be left in the shale, i.e., the oil expulsion efficiency (OEE), is one of the key 

points to locate “sweet spots”. Traditional geochemical methods to determine the retained oils are 

Rock-Eval and CHCl3- extraction. However, neither can prevent oils from emission during the 

process of the crushing, thus the results obtained may be different from the in situ scenarios.  

Studies showed that the overpressure induced by hydrocarbon generation (HG) is the major 

mechanism to expel oils out the source rocks (Luo et al, 1996; Tingay et al, 2009). Some scholars 

have built mathematical models to calculate the force caused by HG (Guo et al., 2011), but there 

were few reports on the relationship between the overpressure and OEE. In this paper, we provide a 

conceptual model to determine OEE caused by HG, and therefore provide a new method to estimate 

the amount of the retained oils indirectly. 

In this model, the source rock is supposed to comprise three parts: mineral matrix, water and 

kerogen. Based on mineral density, porosity, TOC, original hydrogen index (HIo) etc., we can 

calculate the volume of the mineral, water and kerogen in the source rock. 

Before hydrocarbon generation, the formation pressure is P1, the volume of mineral, water 

and kerogen is Vm1, Vw1 and Vk1, respectively. In the course of the organic matters evolution, some 

of the kerogen transform into oils. The transformation ratio is F, the pressure is P2, and the volume 

of mineral, water, kerogen and oil is Vm2, Vw2, Wk2 and Vo2, respectively.  

The density of kerogen and oil is ρk and ρo respectively. The overpressure and density ratio is, 

∆P=P2-P1…………………………..(1) 
D=ρk/ρo……………………………(2) 

Firstly, assuming no hydrocarbon expelled, we can derive the following equations in this new 

system, 

Vm2=Vm1×(1–Cm×∆P)………….….(3) 
Vw2=Vw1×(1-Cw×∆P)…..…………(4) 
Vk2=(1-F)×Vk1×(1-Ck×∆P)………..(5) 
Vo2=D×F×Vk1×(1-Co×∆P)……..…(6) 

Among them, Cm, Cw, Ck and Co are compressibility of the mineral, water, kerogen and oil, 

respectively.  
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Because this is a closed system, the total volume remains unchanged. Thus,  

Vm2+Vw2+Vk2+Vo2=Vm1+Vw1+Vk1…..(7) 

Then we can get, 

∆P=[(D-1)×F×Vk1)/[Vm1×Cm+Vw1×Cw+(1-F)×Vk1×Ck+D×F×Vk1×Co]………………(8) 

From equation (8), we can observe that the overpressure is positively related to density ratio 

(D), kerogen hydrocarbon potential (HIo, TOC) and transformation ratio (F). As a typical example, 

for the type II kerogen whose HIo is about 600 mg/g TOC, when F=0.8, the overpressure is less than 

25 MPa for the source rocks of TOC=1.0%, it’s 80 MPa for those of TOC=5%, and 120 MPa for 

those of TOC=10%.  

Secondly, suppose some oil expelled with an OEE of “e”, then equation (6) can be written as: 

Vo2=D×F×Vk1×(1-Co×∆P)×(1-e)…..(9) 

Combined with equation (7), we can get, 

e=1-{F×Vk1+[(1-F)×Vk1×Ck+Vw1×Cw+Vr1×Cr]×∆P}/[D×F×Vk1×(1-Co×∆P)]………(10) 

From equation (10), the following conclusions can be drawn: 

(1) The density ratio (D) determines the maximum value of OEE (OEEmax). For example, when 

D=1.2, OEEmax=17%; when D=2, OEEmax=50%. That is to say, the higher the maturity is, the more 

the light hydrocarbons will be generated, and the higher the OEE. 

(2) OEE is positively related to hydrocarbon potential (TOC, HIo) and transformation ratio (F). 

Assuming TOC=5%, HIo=600 mg/g TOC, D=1.5, ∆P=10 MPa, if F=0.2, OEE=15%; if F=0.5, 

OEE=26% and if F=1; OEE=29%. 

(3) Overpressure, the force that drives oil out of the source rocks, decreases after oil expulsion, i.e., 

OEE is inversely correlated with remained overpressure and we can get the OEEmax when ∆P=0. 

Assuming TOC=5%, HIo=600 mg/g TOC, F=1, D=2, then if ∆P=0, OEE=50%; if ∆P=10 MPa, 

OEE=47%; if ∆P=30 MPa, OEE=40%; and if ∆P=50 MPa, OEE=33%. 

In summary, OEE is controlled by hydrocarbon potential, transformation ratio, density ratio 

and overpressure. OEE is generally less than 50% in nature, i.e., there are enough residual 

hydrocarbons in the shale. These hydrocarbons could become potential shale oil and gas source 

depending on subsequent thermal evolution.  
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The n-alkane distribution with even-odd carbon predominance in the range of n-C16 to 

n-C36 has been widely documented from sedimentary organic matter deposited in marine, 

brackish and freshwater environments. In most cases, the even-odd carbon predominance of 

n-alkanes distribution occurred in immature to marginal mature source rocks or immature 

crude oil due to the C-C bond cleavage at the β position of even-numbered fatty acid and/or 

alcohol. Here, we reported an unusual even-odd carbon predominance of n-alkanes in highly 

mature source rocks from the Tarim basin, NW China, and its possible generation mechnism 

was investigated.  

There are many highly to over mature source rocks from the Lower Palaeozoic strata 

in Tarim basin, NW China showing unusual even-odd carbon predominance of n-alkanes. 

Migration contamination from low mature source strata or drilling fluids was excluded 

because unusual even-odd carbon predominance of n-alkanes occurred in the Hydropyrolysis 

(Hypy) products and Ruthenium-Ions-Catalyzed Oxidation (RICO) degraded products from 

this suit of samples, suggesting that two processes must be involved: preserved in the kerogen 

network or new formed during thermal evolution. In order to probe its genetic mechanism, a 

semi-closed pyrolysis simulation system was designed and an immature shale sample was 

thermally conducted under constant pressure (80MPa) and six temperature points (300C, 

350C, 400C, 450C, 500C and 550C) to obtain an artificially mature sequence from low 

maturity to high maturity (0.71 %Ro-4.34%Ro). The extracted bitumen from shales, Hypy 

products and RICO products from extracted kerogens in the artificially mature sequence were 

compared. As shown in Fig.1, a weak even-odd carbon predominance of n-alkanes in the 

range of n-C16 to n-C20 from extracted bitumens can be observed at the experimental stage of 

1.08%Ro. With an increase of experimental temperature, the even carbon predominance from 

n-C14 to at least n-C26 became much more impressive, with n-C16 or n-C18 being the dominant 
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n-alkane. The RICO products almost demonstrated the same trend as that from the extracted 

bitumens and the C16 or C18 fatty acids being dominant peak at the highly mature stage. 

However, the significant even-odd carbon predominance from the HyPy products, a 

representative of covalent-bounded n-alkanes, occurred until the experimental maturation of 

up to 2.66%Ro, which is much higher than that from the bitumens and RICO products. Due to 

the lack of even-odd carbon predominance of n-alkanes in the extracted bitumens and 

kerogen-degraded products from original and low mature source rocks, the strongly even 

number n-alkanes should be generated by bitumen-kerogen reactions and polymerization 

during thermal evolution. The occurrence in the Hypy products at much highly mature stage 

may be induced by the thermal retardation of “bounded” phase in HyPy products, which is 

consistent with earlier studies on the distributions of covalent-bounded biomarkers. The 

experiments clearly revealed that bitumen-kerogen reactions and polymerization make key 

controls on the characteristics of kerogen during thermal maturation, and directly affecting the 

hydrocarbon generation potential of kerogens. The results suggested that highly to over 

mature kerogens can be an effective source for the gas generation and it should be helpful to 

shale gas exploration and evaluation. 

 

Figure 1. The even-odd carbon predominance of n-alkans/fatty acids in extracted bitumens 
and degraded products from HyPy and RICO. 
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Global interest in unconventional hydrocarbon (HC) resources has been fuelled by 

decreasing conventional oil reserves and increasing prices for crude oil. One of the most 

important and largest unconventional energy resources are oil shales, Russell (1990) 

estimating global oil shale reserves to be around 30 times that of conventional reserves. 

These numbers show the potential of oil shale, however, estimates are constantly revised as 

new and more accurate data become available (Dyni, 2003). One prominent example is the 

Eocene-Maastrichtian oil shale in Jordan. This oil shale is known to be particularly enriched 

in sulfur, which in combination with very low thermal maturity, poses challenges, including 

H2S formation, for the mobilization and production of hydrocarbons.  

In order to assess the relevance and composition of organo-sulfur compounds in the 

Jordanian oil shale, we studied sub-meter resolution borehole samples from central Jordan 

using a wide range of bulk geochemical (elemental, pyrolysis) and molecular (GC, GC-MS, 

2D-GCMS) techniques. We present detailed records of total organic carbon (TOC), Rock 

Eval pyrolysis (HI, Tmax, PI), bitumen composition and biomarkers to show fluctuations in 

organic matter composition and maturity and reconstruct the paleo-environment, with special 

emphasis on the faith of sulphur.  

The geochemical profiles show high amplitude, high frequency and in-phase 

variations in organic matter (OM) richness and total sulfur content. Complementary data 

from Fe-S-C systematics confirm the vast majority of total sulfur (>80%) being bound to OM, 

hinting towards a substantial and potentially highly diverse mixture of organo-sulfur 

compounds. High resolution geochemical logs of bitumen composition (SARA, Saturated, 

Aromatic, Resin and Asphaltene fractions) show a dominance of the polar fraction (min 39, 

max 93, av 69 %), relatively low aromatics (min 6, max 60, av 29 %) and particularly low 

saturated hydrocarbons (min 0.1, max 10, av 1 %), consistent with the very low thermal 

maturity (Tmax range 398 - 419, VR on spot samples of 0.15). Two-dimensional GC-MS and 
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Pyrolysis-2D GC-MS techniques show the presence of a highly diverse and abundant array of 

organo-sulfur compounds (including alkylated thiolanes, thiophenes, benzothiophenes etc.) in 

the bitumen and kerogen fractions which vary with depth. These results indicate fundamental 

variations in how sulfur was bound to OM (e.g. sulfurized versus aromatized), probably 

relating to fluctuations in depositional conditions and early diagenetic processes. 

Hydrocarbon distributions (e.g. n-alkanes, isoprenoids, steranes) support a primary 

marine source with some minor but variable contributions of terrestrial OM (leaf wax lipids), 

consistent with petrographic analysis, which show a clear dominance of amorphous organic 

matter. Redox biomarkers, including isorenieratane and derivatives for photic zone euxinia, 

lycopane for bottom water anoxia and gammacerane for water column stratification, confirm 

a strongly reducing and at times even euxinic depositional environment. These extreme redox 

conditions developed within a shallow proximal (inner-mid?) shelf system, significantly 

enhanced the preservation of abundant hydrogen-rich OM and favoured the incorporation of 

sulfur into the OM in the absence of a significant supply of reactive Fe. 
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Efforts are increasingly gaining momentum to define and evaluate unconventional 

hydrocarbon resources of the Early Silurian Qusaiba shale. Geochemical characteristics of 

shale gas and oil represent a critical element in the evaluation process. Molecular and stable 

carbon isotopic composition of gaseous and liquid hydrocarbons generated from kerogen 

concentrates in lab simulation experiments was measured, evaluated and data integrated with 

corresponding bitumen and clay data to provide a predictive tool for characterizing both 

conventional and unconventional Qusaiba derived gases. The northwest part of Saudi Arabia 

is believed to be a high potential area for economic unconventional gas resources, having 

attained sufficient gas maturity, while shallow enough to facilitate drilling and hydraulic 

fracturing. Substantial amounts of oil and gas are known to have been expelled into 

conventional reservoirs. But, considerable amounts are envisaged to have remained in situ. 

Although the potential for dry gas increases predictably upon simulated maturity, the 

potential for late oil continues well into the traditional gas window. Hydrocarbon products 

from maturity simulation of different Qusaiba samples are chemically different, possibly due 

to sample heterogeneity and inherently variable tendencies to adsorption and expulsion. The 

role of water in gas generation was also tested by hydrous pyrolysis in comparison with 

anhydrous experiments, and data suggests that different assemblages of clay minerals — that 

are variably rich in structural water — may play a significant role on gas productivity.  
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Biogenic coalbed methane (CBM) occurs in numerous basins worldwide. Recent 

geochemical data indicates that microbial activity at various stages during the geological 

history is a major source of the CBM commercially produced in several basins in the USA 

and Australia [e.g.1, 2]. Biogenic CBM formation is considered to be generally associated 

with meteoric water flow into permeable coals. However, our knowledge of the biogenic 

CBM formation is still limited. In the present study, gas components obtained from Japanese 

Miocene crop coals was analyzed to investigate the distribution and the behaviour of biogenic 

CBM near the ground surface. 

Three boreholes were drilled up to a depth of 1 m in a coal seam and the proximal two 

silt layers exposed in Miocene Honjinnosawa Formation, Rumoi Coalfield, Hokkaido. 

Sediment cuttings obtained during drilling were sealed in vials for desorbed gas and residual 

gas analyses. The top of borehole was immediately closed with PVC pipes after drilling. Gas 

sample was periodically collected from the boreholes for 2 months. The inside of the borehole 

was purged with pure helium after the sampling. All gases were analyzed by GC with pulsed 

discharge helium ionization detector [3]. Stable carbon (δ13C) and hydrogen (δD) isotope 

compositions were also measured by GC/C/IRMS and GC/TC/IRMS, respectively. 

The amount of desorbed gas released from the coal sample is more than 50 times 

higher than that from the siltstone sample. C1 and C2 are predominant in the coal sample 

while H2 is predominant in the siltstone sample. Although C1/C2 ratios are less than 10, the 

δ13C(C1) values range from -92.3 to -77.0‰, indicating their microbial origin (Fig.1). The 

δ13C(C1) and δ13C(CO2) value are relatively constant at εc in the range of 70 and 80, indicating 

that CO2 reduction is the main pathway of biogenic methane generation in the Miocene crop 

coals [4]. The gas obtained by coal pulverization was characterized by high concentration of 

C2, and the gas released by warming of pulverized coal contains higher molecular weight 

gases such as C3 and C4. While, the residual gas in the siltstone sample is highly predominant 

in CO2. The δ13C(C2) values of desorbed gas in all the samples are similar, being in the range 
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of -26.4 to -24.6‰. These suggest that the gases found in siltstone layers are derived from the 

proximal coal seams. The δ13C(C1) value of desorbed gas in the coal sample is ca. 34‰ 

lighter than that in pulverized coal. The difference is remarkably large compared with the 

values of 1 to 4‰ reported in the previous study [5], suggesting that most of biogenic 

methane is present as free gas. On the other hand, thermogenic gas is thought to be present as 

adsorbed gas in shallow coal seams. 

The gases collected from the boreholes mainly consist of C1, C2 and CO2. Although 

their C1/C2 ratios are generally low being less than 100, the δ13C(C1) values fall between -88.1 

and -64‰, indicating hydrogenotrophic methanogenesis. During the 2-month sampling period, 

the cumulative amount of C1 released from the boreholes in coal seam and siltstone layers are 

estimated to be about 80 and 37L/m2/year, respectively. These biogenic CBM fluxes are 

significantly higher compared to those in rice paddies, suggesting that the exposed low rank 

coal seams can be important source of methane emission to the atmosphere. 

           

  

 

 

 

 

 

Figure 1.  Genetic characterization 
of the desorbed gas from the 
sediment cuttings by methane 
isotope compositions and 
methane/ethane ratios. 
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Carbon and hydrogen isotope composition in desorbed gases carry information about 

different, physical and chemical, processes associated with generation, accumulation and 

production of natural gas from shale rocks. Rocks geochemical parameters – TOC, Tmax and 

gas saturation were plotted on figure 1. Gases obtained during desortpion of rocks were 

analyzed to determine molecular and isotopic composition. Using these integrated results 

allows to recognize the depth intervals at which gas was produced during secondary cracking 

processes.  

In shale rocks (shale gas petroleum systems) residual oil may convert to gas at higher 

burial depth. Products from different chemical processes make the isotope composition 

deviate from conventional models, for example the “rollover” of carbon isotope composition 

of ethane and propane (Zumberger et al., 2009, Burrus et al., 2010).  
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Figure 1. Geochemical parameters obtained from pyrolysis of Paleozoic rocks and gas 
content from rocks desorption  
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Recent studies and explorations have shown the great potential of unconventional oil 

gas resources including coal-bed methane (CBM) and shale gas/oil. Knowledge of retained 

hydrocarbon and its evolution in source rocks are important and less studied. For better 

understanding the retained hydrocarbons in source rocks, we designed a laboratory-based 

kinetic simulation apparatus on whole rock, which is similar to the routine autoclave pyrolysis 

system but using a cylinder of source rock rather than rock powder. Sample cylinders in size 

of 16 mm higher and 15 wide in diameters are firmly pressed in an artificial reservoir rock by 

quartz sand and clay. Pressure around 50-60 MPa were set using external jack. Eight 

temperature points from 250 to 480 ℃ are set for pyrolysis at two heating rates of 2℃/h and 

12℃/h. After pyrolysis, sample in each temperature point was taken out and the retained 

hydrocarbon was studied using routine geochemical method such as Rock-Eval, TOC 

analyser and microscope. For comparison, Rock-Eval and gold-tube pyrolysis systems were 

used to characterize the oil/gas generation kinetics. Samples used for simulation in this study 

and their geochemical characteristics are listed in Table 1.  

Table 1. Samples used in this study and their geochemical characteristics 

Type Age TOC(%) S1(mg/g) S2(mg/g) Tmax(℃) HI(mg/g.TOC) Ro(%) 
Kerogen 

type 
Marine 
shale 

Pt 2.82 0.6 11.17 429 395.6 0.64 Ⅱ1 

Coal J 79.79 6.75 174.87 434 219.16 0.51 Ⅲ 

The main experimental results are: (1) the content of retained hydrocarbon in marine 

mudstone reaches to the peak (~3mg/g) around 1.0% Ro and then decreases gradually; the 

content of residual hydrocarbon in coal keeps steady after reaching its peak (~60mg/g) around 

0.9% Ro. The content of residual hydrocarbon in coal is greater than that in marine shale due 

to its high adsorption and low expulsion rates. Maturation has high influence on the retained 

hydrocarbon in both marine shale and coal. Gases generated from marine shale in high-over 

maturity stages are mainly from the secondary cracking of the oil expulsed from or retained in 

the source rocks while gases of coal are mainly generated from retained hydrocarbons (Fig. 1 
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a, b). (2) Microscopic observations show marine shale exhibits continuous hydrocarbon 

generation process with an obvious peak during 350-400� (0.7-1.1 Ro%) while coal exhibits 

an episodic generation and expulsion pattern. Coal needs more time to expel the generated 

hydrocarbon than marine shale and slower heating rate tend to expel more hydrocarbons. (3) 

Coal shows an obvious lag for hydrocarbon expulsion (~0.13-0.24 Ro%) while shale shows 

an immediate expulsion following the hydrocarbon generation. Shale exhibits higher 

expulsion efficiency around 80% while coal shows relatively lower expulsion efficiency of 

around 60%. (4) The retained hydrocarbon in coal is mainly the accumulated hydrocarbon 

generated at the early stages while the retained hydrocarbon of marine shale decreases as the 

residual hydrocarbon generation potential (Fig. 1c, d). The result suggests that retained 

hydrocarbon content of marine mudstone is controlled by their capabilities of hydrocarbon 

generation and expulsion. The retained hydrocarbon and residual hydrocarbon generation 

potential of the simulated samples show similar and consistent trend to natural sample in both 

retained quantity and evolution, which suggests the applicability of the proposed method.  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1.  Experiment results (a) retained HC(S1) and residual HC potential (S2) of shale; (b) 
retained HC(S1) and residual HC potential (S2) of  coal; (c) conversion of primary HC and 
secondary gases and retained HC of shale; (d) conversion of primary HC and secondary gases 
and retained HC of coal 
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East Texas has a long history of conventional oil and tight gas sand production and 

more recently with shale gas development in the Upper Jurassic Tithonian Bossier and 

Kimmeridgian Haynesville shales in both eastern Texas and western Louisiana. Depressed 

natural gas prices have resulted in decreased activity in this play as well as other shale gas 

plays, but understanding of these shale resource systems have implications for global shale 

gas development and also for better understanding of shale or tight oil resource systems. 

 The Haynesville Shale has proven to be one of the highest yielding shale gas systems 

in North America, although its gas content is comparable to many other shale gas systems 

including the Barnett Shale.  Several factors contribute to its high gas flow rates and recovery 

factors; these include high pressure and temperature, high thermal maturity, and higher 

porosity.  Overall the Haynesville Shale appears to have good organic carbon content 

averaging around 3.70 wt.% although at dry gas window thermal maturity in western 

Louisiana (ca. 2.0%Roe).  This is lower than the Mississippian Barnett Shale that contains 

about 4.50 wt.% TOC also at high thermal maturity (ca. 1.7%Roe).  Restoring TOC values 

can readily be accomplished with data from low maturity samples or samples that are not as 

highly converted.  However, such samples are not available for the Haynesville Shale in the 

main play areas.   

 The Bossier Shale has been cited as the source of tight gas sand plays in central and 

eastern Texas although the average TOC has been reported as averaging about 0.80 wt.% 

TOC (Rushing et al., 2004).  Emme and Stancil (2002) reported an average value of the 

Bossier Shale as about 5.00 wt.% but the location of these data was not reported.  

 Lacking low thermal maturity samples of either the Haynesville or Bossier shales, the 

deepwater Gulf of Mexico provides regionally close source rocks of the same ages.  

Tithonian age source rocks in the Gulf of Mexico show two distinct organofacies and 

Kimmeridgian age source rocks with two facies of one of variable organic richness based on 

TOC and hydrogen indices (Table 1) (Jarvie et al., 2002).  As these rocks are immature based 

on all geochemical measurements (Tmax, projected %Roe, biomarkers), TOC values are 

taken as original values (TOCo).  This allows a simple calculation of the volume of organic 
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carbon, whereas the average HI values provide the extent that the TOCo can be converted to 

hydrocarbons (GOC % or generative organic carbon percentage).  Subsequently this allow 

calculation of the potential for organic porosity (Opor %) development. 

 
Table 1. Age-equivalent immature source rocks for the Bossier and Haynesville shales. 

 
 

Not only are generation potentials higher for organic rich rocks, so is the potential for 

organoporosity development.  The most organic-rich Haynesville equivalent interval has the 

potential for about 7% organoporosity development.  Typical porosity values in the 

Haynesville Shale are about 9% meaning between 2-6% is storage as matrix porosity.  This is 

about double the total storage capacity of the Barnett Shale meaning a much higher 

percentage of free gas compared to adsorbed gas.  A higher percentage of free gas and high 

pressure means higher flow rates and higher recoveries. 

Laboratory isotopic analysis of Kimmeridgian source rocks does not show the ethane 

carbon isotope rollover as seen in most highly productive shale gas systems such as the 

Haynesville Shale.  However, it is interesting to note that not all Haynesville Shale produced 

gases show the rollover effect although 95% do.  In addition oil cracking evidence is obtained 

from simple high resolution GC of co-produced condensates.  Despite being ‘dry gas’ usually 

about 1 stb/mmcf of condensate is recovered indicative of the high cracking temperatures 

required for paraffin decomposition to gas and char. 

 

REFERENCES: 
Emme, J. J. and R. W. Stancil, 2002, Anadarko’s Bossier Gas Play – A Sleeping Giant in a 

Mature Basin: AAPG Annual Meeting, March 10-13, 2002, Houston, Texas, abstract. 
Jarvie, Daniel M., Alejandro Morelos, R. K. Olson, Roger Sassen, Pierre-Yves Chenet, and 

Jeff Brame, 2002, Hydrocarbon Charge Assessment, Gulf of Mexico: Rates of Oil/Gas 
Generation from Source Rocks and Oil Asphaltenes, AAPG National Convention, March 
10-13, 2002, Houston, Texas, interactive poster presentation. 

Rushing, J.A., A. Chaouche, and K.E. Newsham, 2004, A mass balance approach for 
assessing basin-centered gas prospects: integrating reservoir engineering, geochemistry, 
and petrophysics, in:  Understanding Petroleum Reservoirs:  Towards an Integrated 
Reservoir Engineering and Geochemical Approach, J.M. Cubitt, W.A. England, and S.R. 
Larter, eds., Geol. Soc. Special Pub. No. 237, The Geological Soc., London, pp. 373-390. 

Facies Equivalence TOCo (wt.%) TOCo (vol.%) HIo (mg/g) GOC (%) Opor (vol.%)

Tithonian‐1 Bossier 3.65 7.41 576 49% 3.63

Tithonian‐2 Bossier 1.02 2.07 299 25% 0.53

Tithonian‐3 Bossier 2.19 4.45 470 40% 1.78

Kimmeridgian‐2a Haynesville 5.6 11.37 720 61% 6.95

Kimmeridgian‐2b Haynesville 2.63 5.34 722 62% 3.28
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The present study aims at understanding the thermal cracking mechanisms of source 

rock hydrocarbons before and after oil expulsion and to predict fluid composition in shale oil 

system.  

Pyrolysis experiments were undertaken in closed system on Green River Shale (GRS) 

kerogen according to Behar et al. (2010). The structural composition of the saturated and 

aromatic fractions have been determined by GCxGC analyses providing both quantitative and 

qualitative information as described by Vendeuvre et al. (2005). For the saturates: n-alcanes, 

iso-alcanes and cyclic structures with 1 to 8 rings including their associated alkyl chains have 

been identified and quantified. The same analytical approach was applied to the aromatic 

fraction leading to quantification of aromatic, naphtenoaromatic and dinaphtenoaromatic 

hydrocarbons with 1 to 5 aromatic rings and their associated alkyls.  

This work led to a new insight in the molecular description of thermal cracking 

reactions for hydrocarbons. Figure 1a shows the early generation and the secondary cracking 

of two groups of alkyled aromatics: diaromatics (diA-Alkyl) and dinaphtheno-diaromatics 

(diNdiA-Alkyl) whereas their methylated congeners appear thermally stable and continuously 

generated in the oil window. 
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Figure 1. Yields of different aromatic (a) and saturated (b) hydrocarbon fractions at increasing 
transformation ratios 

This work showed for the alkyl aromatics an overlap of secondary cracking and 

primary expulsion (figure 1). These processes are consequently occurring in the source rock 

a b 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 594 -



during oil generation and expulsion. They clearly have implications for the oil composition, in 

particular in relation to source rock fluids and to the late gas potential in shales.  

Saturates undergo continuous (multisource) generation: the n- & iso-alcanes are 

thermally stable in the condensate window while the alkylnaphtenes undergo dealkylation 

process (figure 1b). The aromatics also undergo a continuous evolution (dealkylation) with an 

overlap between generation and secondary cracking that starts at TR>15% (R0=0.8). A clear 

influence of the number of aromatic rings on the thermal stability could also be established 

and all the alkyl chains of the aromatics contribute to n- & iso-alcane generation (data not 

shown). The aromatic hydrocarbons become thermally instable at lower temperatures than 

naphtenic compounds.  

A mass balance can be proposed at 1.2% vitrinite reflectance. At this stage the 

methyled saturates and aromatics increase while the dealkylation starts to become severe for 

all cyclic structures (data not shown). At 1.5% of R0 there are nearly no more alkyled 

aromatics (figure 1a). At the end of the condensate window (R0 > 1.6%) the methyl aromatics 

become predominant within the aromatic hydrocarbons (C14+). Together with the C14+ n- and 

iso-alcanes they undergo a severe thermal cracking in the late gas window (R0 > 1.6%). This 

work suggest a need of additional work to constrain the precise kinetic of the methyled and 

alkyled naphtenes.  

In conclusion by coupling the quantitative fluid generation model described by Behar 

et al. 2010 for the GRS kerogen with the GCxGC quantification data and an expulsion model, 

we are able to predict the detailed hydrocarbon composition in source rocks with increasing 

maturity. A direct implication is to define precisely the condensate window for shale oil 

prospects. 
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Kerogen type and thermal maturity are key characteristics of a potential petroleum 

source rock in the petroleum system evaluation process. In the past several techniques have 

been developed to determine the maturity of source rocks, extracts or petroleums. Generally 

these are based on optical methods, pyrolysis techniques or the analysis of molecular 

compounds – the biomarkers. When working with data based on different methods, including 

biomarkers, it is usually challenging to achieve a consistent and comparable maturity 

estimation, especially if determined on different sample types (e.g. source rock extracts and 

produced oils) or in different laboratories. 

Here a consistent dataset of multiple maturity indicators is presented, which allows 

cross correlations of different markers and therefore detailed assessment of the maturity 

changes in the studied system. Thus, the gained insight from this maturity dataset could be 

used to unravel the hydrocarbon migration behaviour in an unconventional, low permeable 

petroleum system. 

This study is based on the self-contained petroleum system of the Devonian-

Mississippian Bakken Formation of the Williston Basin in central North America. It consists 

of the productive reservoir member encased within the two source rock sequences of the 

upper and lower Bakken Formation. A distinguishing stratigraphic property of the Bakken 

petroleum system is the immediate juxtaposition of source and reservoir. This, coupled with 

negligible influence of biodegradation, secondary cracking and mixing from external sources 

make the Bakken Formation a natural laboratory for studying an undisturbed maturity 

sequence from immature to, approximately, the end of the oil window. 

Several oil families, ranging from shale to marl, are recognized in the Bakken 

petroleum system, reflecting organic facies variation within the Bakken source rocks. The 

maturity of a source rock core sample set from 16 wells including the upper and lower 

member of the Bakken, covering a natural maturity range from 0.35 to 1.1% Ro, and 27 

produced oil samples was analysed. The tested maturity indicators are based on light 

26th IMOG
Organic Geochemistry: trends for the 21st Century 

 - Vol. 2 -

Vol. 2, page - 596 -



hydrocarbons, isoprenoids, tri- & tetra-methyl naphthalenes as well as aliphatic (steranes & 

terpanes) and aromatic (mono- and tri-aromatic steroids) biomarkers. 

In addition to the samples processed in the course of this study, a dataset based on 

core samples, cuttings and produced oils was made available by Marathon Oil Corporation. 

This allowed for data comparison on an even wider data basis and enabled the benchmarking 

of the data reproducibility in an alternative laboratory environment under slightly different 

measurement procedures. 

In the presented data the feasible maturity ranges for data from individual compound 

classes were tested and further analysed for consistency with other maturity markers. An 

influence of the sample type could be identified especially for the light hydrocarbons and 

isoprenoids, while other compounds seem to be independent of sample type. The strong 

correlation of the tri- & tetra-methyl naphthalene ratios (Figure 1. - van Aarssen et al., 1999) 

for produced oils, core and cutting bitumen is the most astonishing, it seems to not even be 

influenced by selection of the laboratory (and therefore procedure) in the higher maturity 

range, and is hence the most robust maturity indicator for variable sample types in this study. 

 

Figure 1.  Cross plot of the tri- & tetra-methyl naphthalene ratios of produced oil, core and 
cutting bitumen 
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Determining the thermal maturity of light oils and condensates using saturated biomarker 

maturity indicators can be difficult due to low biomarker concentrations and limited applicability 

at higher levels of thermal maturities. Aromatic hydrocarbons are present in oils in higher 

concentrations than saturated biomarkers, and have proved useful in determining the relative 

maturity of oils.  Monoaromatic and triaromatic steroids are commonly applied to the oil 

maturity problem.  However, in light oils and condensates, monoaromatic and triaromatic 

steroids are not always present, or show evidence or alteration by fractionation and other 

processes.  Methylbenzene and methylnaphthalene aromatic hydrocarbons are present in oils in 

higher concentrations than saturated biomarkers, and have been used to evaluate thermal 

maturity of oils and condensates in Australian basins (e.g. van Aarssen et al., 1999).  Here we 

describe the use of C4-benzenes (C10) and C4-naphthalenes (C14) which are common constituents 

of oils and condensates as thermal maturity indicators in oils from the Fort Worth and Permian 

basins, USA.  

The primary source rock in the Fort Worth Basin is the Barnett shale, and multiple 

petroleum systems have been defined in the Permian Basin.  Oils from the Fort Worth and 

Permian basins were analyzed to evaluate the broader applicability of these compounds as 

maturity indicators.  C4-benzenes and C4-naphthalene compound ratios were found to correlate 

with other established maturity parameters such as the triaromatic steroid ratio (TAS). The utility 

of these compounds as maturity indicators extend beyond the range of biomarker applicability, 

and are less volatile than C7 hydrocarbons which have also been used to evaluate oil and 

condensate maturity. 
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