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The Pliocene Camp dels Ninots maar-diatreme volcano is 
found in the Catalan Coastal Ranges (NE Spain, see figure 
1 by Miró et al, this volume). The associated lake depos-
its contain a reference paleontological and stratigraphic 
record (Gómez de Soler at al., 2012, Jiménez-Moreno et 
al. 2013). Three relatively deep research cores have been 
drilled in order to understand the diatreme infill (Fig. 1): 
Can Cateura (75 m, drilled in 2009, Jiménez-Moreno et al., 
2013), Can Pla 1 and Can Pla 2 (112.8 and 145 m, respec-
tively, drilled in 2015, Miró et al., 2018 this volume).

All these drill cores display how the maar diatreme was 
first infilled by volcanic rocks (Bolós etal., 2016) and later 
by sedimentary rocks (Oms et al., 2015). The contact be-
tween these two kind of rocks is clearly identified (bottom 
of Fig. 1). The sedimentary infill consists on a succession 
of green mudstones, dark mudstones, whitish carbonates 
and silicifications (Miró et al., 2016). This note focuses on 
distinctive features that arise from the early sedimenta-
tion stage: (a) laminites features, (b) diatoms paleoeco-
logy, (c) sulphide occurrence and stable isotopy and (d) 
multy proxy correlation.

The succession in the studied wells is constituted by 4 
main rock types. First, a dominant green-to-grayish lami-
nated mudstones is found (basically clay minerals). Inter-
estingly, in the early sedimentation of the studied cores, 
laminites appear disrupted by shaking during earth-
quakes. The second type consists of dark mudstones, 
with no evident lamination and larger amount of organ-
ic matter. The third type of rocks are whitish carbonates 
(mainly dolomite) that can be massive and indurated, 
or laminated. The fourth type are opaline chert nodules 
replacing diatomites and/or carbonate layers (Miró et al, 
2016, this volume). The stratigraphic record of the Can 
Cateura well has been found to record climatic variations 
after palynological data (Jiménez-Moreno et al., 2013), 
which at the same time correlate with mineralogical data 
(Rodríguez-Salgado et al., 2018, this volume).
A preliminary paleoecological study based on diatoms 
was carried out in the basal part of Can Cateura core. Two 
main diatoms zones (Fig. 2) are observed: the 
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Fig.1. Can Cateura and Can Pla 1 wells, with location of the inter-
vals where diatoms and isotopic data have been collected (Fig. 
3). Thick intervals with disrupted laminations are also indicated.
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lowermost 9 meters and the upper 7 ones. The basal nine 
meters are characterized by the occurrence of Chaetoceros 
and Nitzschia genus, together with the absence of Staurosira 
spp, Cyclotella spp, and other planktonic diatoms, which are 
dominant in the upper interval. Each taxonomic group corre-
lates with characteristic hydrochemical conditions. Nitzschia 
spp. would indicate an increase in lake trophic state.  On 
the other hand, Chaetoceros is typical from brackish waters 
having sulfates but not sulfides (Patrick, 1977). No nitrate or 
chlorides are found in the mineralogical data, so an original 
source of sulfates is deduced after diatoms occurrence and 
also geochemistry (see later). Regarding Cyclotella spp and 
Staurosira spp, they are typical from more diluted waters. 
Such variations also correlate with mineralogical changes, 
having Nitschia -Chaetoceros interval, a direct correlation 
with dry climate periods (minimum in Abies pollen) and car-
bonate peaks (concentratedwaters). 

In the lower part of the two cores (Fig. 2), several sul-
phide-bearing layers (pyrite) were macroscopically de-
tected. Pyrite occurs as framboidal aggregates, a texture 
usually associated to bacterial activity. As during drilling 
of Can Cateura core, pyrite rapidly oxidized to sulphates, 
when coring Can Pla-1, pyrite samples from depths be-
tween 65.05 and 66.10m were immediately analysed for 
their isotope composition.δ34S values of pyrite range be-
tween +12.5 +22.2‰ (n=6; mean of 20,02‰), suggesting 
a precipitation from an H2S source related to a bacterio-
genic reduction of dissolved sulfate (BSR). However, the 
origin of this dissolved sulfate is unclear. The low sulfate 
content of geothermal waters in the area (50 to 60 mg/l) 
precludes an evaporitic source (gypsum dissolution) 
(Piqué, 2008).  A possible explanation could be related 
to disproportionation processes of oxidized sulfur spe-
cies (SO2?) of magmatic origin, producing H2S and sul-
fate, the latter having high δ34S values. Whereas H2S is 
diffused into the atmosphere the dissolved sulfate would 
be bacteriogenically reduced to H2S in a closed system 
(δ34SH2S≈ +14 to +20‰), producing the heavy values 
obtained in pyrite. Interestingly, in the same hydrother-
mal system at Puig de les Moleres (1.5 km eastwards of el 
Camp dels Ninots, Pique et al. 2005) describe δ34S values 
in barite veins between +12 and +21‰, similar to those 

of the pyrite obtained in this work, suggesting that hydro-
thermal waters with high δ34S values of dissolved sulfate 
were active in the area. The fact that pyrite rich levels 
are only concentrated in the lower section of the cores is 
probably related to the availability of dissolved sulfate in 
the waters which in turn could be associated to the ac-
tivation of fault systems (seismicity?) liberating gas-rich 
(CO2 and SO2) fluids from magmatic reservoirs at depth.
In conclusion, the early limnological conditions for the 
maar lake infill at Camp dels Ninots are characterized by 
seismic activity and sulphate waters. Such hydrochemi-
cal characterization is deduced from both diatoms pal-
eoecology (abundant Chaetoceros occurrence) and δ34S 
values. In sub-bottom interstitial waters, these sulphate 
waters underwent reduction processes as evidenced by 
pyrite precipitation.
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Fig. 2. Selected diatoms occurrence in the lower part of Can Ca-
teura well (see Fig. 1 for location).




