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ABSTRACT 

 

This paper studies the weathering and soil formation processes operating on 

detrital sediments containing alkaline volcanic rock fragments of the Mirador del 

Río dolocrete profile. The profile consists of a lower horizon of re-movilised 

weathered basalts, an intermediate red sandy mudstones horizon with irregular 

carbonate layers and a topmost horizon of amalgamated carbonate layers with 

root traces. Formation occurred in arid to semiarid climates, giving place to a 

complex mineralogical association, including Mg-carbonates and chabazite, 

rarely described in cal/dolocretes profiles. Initial vadose weathering processes 

occurred in the basalts and in directly overlying detrital sediments, producing 

(Stage 1) red-smectites and dolomicrite. Dominant phreatic (Stage 2) conditions 

allowed precipitation of coarse-zoned dolomite and chabazite filling porosities. 

In Stages 3 and 4, mostly pedogenic, biogenic processes played an important 

role in dolomite and calcite accumulation in the profile. Overall evolution of the 

profile and its mineralogical association involved initial processes dominated by 

alteration of host rock, to provide silica and Mg-rich alkaline waters, suitable for 

chabazite and dolomite formation, without a previous carbonate phase. 

Dolomite formed both abiogenically and biogenically, but without a previous 

carbonate precursor and in the absence of evaporites. Dominance of calcite 

towards the profile top is the result of Mg/Ca decrease in the interstitial meteoric 

waters due to decreased supply of Mg from weathering, and increased supply 

of Ca in eolian dust. Meteoric origin of the water is confirmed by C and O 

isotope values, which also indicate lack of deep sourced CO2. The dolocrete 
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studied and its complex mineral association reveal the complex interactions that 

occur at surface during weathering and pedogenesis of basalt-sourced rocks.  

 

1. Introduction 

 

Calcretes and dolocretes, commonly described in sedimentary basins 

developed on sedimentary host rocks (Goudie, 1973; Esteban and Klappa, 

1983; Alonso-Zarza and Wright, 2010), do also form on metamorphic and 

igneous (Chiquet et al.,1999, 2000; Capo et al., 2000; Kadir, et al., 2010) host 

rocks. Of special interest is the accumulation of carbonate minerals on 

weathering profiles/soils containing basaltic rocks, as weathering of these rocks 

under alkaline conditions gives place to complex mineralogy including Mg-Ca-

rich silicate minerals, such as various types of zeolites, smectites (Whipkey et 

al., 2002) or talc-like minerals. Interpretation of the processes involved in the 

formation of this association is important for several reasons: 1) dolomite 

occurring in this type of soils is commonly ordered and stoichiometric  (Capo et 

al., 2000; Whipkey et al., 2002),  uncommon in recently formed dolomites; 2) 

South Atlantic reservoirs of Brazil and Angola seem to be contained in rocks 

formed by these minerals (Wright and Barnett, 2015); 3) a similar association 

seems to be present in some areas of Mars, thus indicating the presence of 

liquid water on the Martian surface, and perhaps microbial activity (Brown et al., 

2010; Sutter et al., 2012); and 4), as formation of carbonates on and within 

weathered basalts requires CO2, these carbonates might become useful as  

CO2 sequestration sinks (Gysi and Stefánsson, 2012).  
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The volcanic Canary Islands show a broad development of pedogenic 

calcretes, especially in the more arid eastern-most Islands (Alonso-Zarza and 

Silva, 2002; Huerta et al., 2015). These calcretes, mostly composed of calcite, 

were supplied calcium from aeolian dust (Huerta et al., 2015).  However little is 

known of the interaction of pedogenic-versus groundwater-accumulation of 

carbonates within weathered volcanic rocks, or in detrital deposits containing 

mostly volcanic fragments. In this paper we present the study of a 

calcrete/dolocrete profile that contains a typically alkaline mineral association 

including calcite, dolomite, smectites and chabazite (zeolite), developed in this 

type of rocks. Our aim is to discuss the mechanisms and controls operating in 

the formation of this mineral association within cal-dolocrete profiles hosted on 

volcanic-sourced surficial deposits, to better understand the origin of dolomite in 

soils. In addition, our study may serve as a near-natural analogue for a better 

understanding of CO2 sequestration in mafic rocks, or to shed light on 

processes involved in the formation of this alkaline association in Mars.   

 

2. Geological setting  

 

The Canary Islands, a volcanic archipelago comprising seven main 

islands and several islets, situated close to the African coast (Fig.1), lies on 

oceanic African crust of early Jurassic age (Verhoef et al., 1991; Ancochea et 

al., 2004). The age of island emergence decreases from E to W. Younger 

islands, La Palma and El Hierro, are about 1.2 million years old, while 

Lanzarote and Fuerteventura, the eastern-most, are the oldest islands, 15 and 

23 Ma respectively (Balogh et al., 1999; Van den Bogaard, 2013). In Lanzarote 
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there are two main volcanic cycles (Balcells et al., 2004): during the first cycle 

(Upper Miocene to Pliocene), volcanic shields  (Ajaches and Famara) formed 

(Coello et al., 1992). These volcanic shields were coated by recent volcanism 

(Fúster et al., 1968). In the Famara Massif, the last eruption was the Corona 

volcano, 21000 ± 6500 years ago (Carracedo et al., 2003).  

 Lanzarote Island, in a senile evolutive stage dominated by erosive and 

sedimentary processes (Carracedo, 2011), contains quaternary marine 

terraces, aeolian deposits and calcretes (Zazo et al., 2002; Meco, 2008). 

Calcretes were formed after the Pliocene in relatively less-arid interglacial 

periods (Alonso-Zarza and Silva, 2002; Genise et al., 2013). Due to their 

location near Africa, all the Canary islands are regularly affected by aeolian dust 

(Goudie and Middleton, 2006; Menéndez et al., 2007; Scheuvens et al., 2013) 

from the northern part of the continent, the Sahara and Sahel regions (Laurent 

et al., 2008; Muhs et al., 2010). This dust was the main source of calcium and 

carbonate for calcrete formation in the eastern-most Canary Islands. In addition 

some areas of the islands marine bioclasts fragments transported mainly by 

wind periods were also an additional Ca-source for calcrete development 

(Meco, 2008; Criado et al., 2012; Huerta et al., 2015). 

The Mirador del Río profile, from the northernmost part of Lanzarote, on 

the slope of Famara cliff, is located in the homonym massif. The outcrop studied 

is about 470 m above mean sea level (29˚ 12' 46.0" N, 13˚ 28' 58.3" W) (Fig.1).  

The cliff is a retrograded scarp from a giant gravitational collapse scarp 

(Carracedo et al., 2002) of part of the volcano, 10.2 - 3.8 Ma (Coello et al., 

1992). The Famara Massif consists of a thick tabular succession of basaltic lava 

flows (1 to 2 m thick) with interbedded pyroclasts falls of the same geochemical 
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compositions, more than 7% of MgO. These volcanic very dark rocks, contain 

olivine and augite phenocrysts, altered to iddingsite, within a fine vitreous 

groundmass. Vacuoles within the basalts are partially filled by carbonates and 

zeolites (Balcells et al., 2004). 

 Basaltic lava flows are discordantly overlain by upper Pleistocene detrital 

deposits consisting of 25 m of angular and heterometric volcanic fragments 

within a red clay matrix (Balcells et al., 2004).  These poorly stratified beds were 

supplied with clasts and red matrix from nearby weathered basalts. Textural and 

compositional features indicate a minimum transport. The studied Mirador del 

Río profile developed within these detrital beds. 

 

3. Methods  

 

Seven representative samples were taken from the Mirador del Río 

profile. Thin sections were made for petrographical analysis and 

characterization of the different microtextures was done by transmission-light 

microscopy. Due to fragility, samples were embedded in EPOXY resin, in a 

vacuum system.  

Bulk-rock mineralogy was studied with a Philips PW-1710 X-Ray 

diffraction (XRD) system, operating at 40kV and 30 mA, under monochromatic 

CuKα radiation. Semi-quantitative analyses were performed using EVA software 

by Bruker. Mineralogical characterization of clay minerals was carried out on 

oriented aggregate samples using oriented air-dried slides that were ethylene 

glycol solvated and heated to 550°C (Brindley, 1961). Degree of dolomite 

ordering was determined by X-ray diffraction according to Goldsmith and Graf 
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(1958) procedures, and Hardy and Tucker (1988). SEM studies were performed 

with a scanning electron microscope, model JEOL JSM-820, equipped with an 

energy dispersive X-ray analyzer (EDX) of the CAI of geological techniques of 

Complutense University of Madrid (Spain). 

Chemical microanalyses of the main minerals for different elements, 

were made by wavelength dispersive electron probe microanalyzer (WDS-

EPMA), model JEOL JXA 89000, in the Electronic Microscopy Center Luis Brú 

of Complutense University of Madrid. These analyses were performed on gold-

coated, polished sections. 

The δ13C and δ18O values for dolomite and calcite from six samples were 

determined at the Scientific and Technical Services of Barcelona University 

(Spain). Analyses were carried out on powdered samples. To analyze calcite 

and dolomite, samples were attacked with hydrochloric acid diluted to 10% by 

measuring isotopic ratios for calcite after one minute attack. Twenty minutes 

later, samples were washed with distilled water, filtered and oven-dried, and 

values for dolomite were determined. CO2 was extracted using a Thermo 

Finnigan Carbonate Kiel Device III isotopic analyzer, with a Thermo Finnigan 

MAT-252 spectrometer, according to the McCrea (1950) method. Values 

obtained were corrected using the NBS-19 standard value and referred to 

VPDB standard.  

  

4. The Mirador del Río profile 

 

4.1. Macromorphology of the profile 
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 Poorly stratified detrital deposits of the Famara Cliff contain a 2.4 m thick 

bed (Figs 2, 3A), formed by red-orange mudstones with intercalated irregular 

carbonate layers. Lateral continuity of the bed is about 40 m, as it pinches out to 

the SW and towards the NE, directly overlying weathered basalts. The bed 

constitutes the Mirador del Río profile, formed by three horizons (Fig. 2). 

 The lower horizon, the transition with volcanic rock, is 0.2-0.4 m thick, 

composed of weathered basalts partially removilised, and including large, 

angular and poorly-sorted basalt fragments within a silty matrix.  

  The intermediate, brown-red horizon, 1.5-1.9 m thick, is composed of 

sandy mudstones with oxidized gravel-sized clasts of basalts with interbedded 

carbonate layers (Fig. 3B). Mudstones show irregular mm-wide cracks partially 

filled with white cement (Fig. 3C). The irregular horizontal carbonate layers (2-

10 cm thick), confer a platy structure to the horizon. These layers, more 

separated at the base of the horizon, tend to coalesce and amalgamate towards 

the top. The carbonate is mostly dolomite at the base of the horizon, but the 

amount of calcite increases towards the top (Fig. 2). 

 The upper horizon consists of amalgamated, mostly calcite, carbonate 

layers with few inter-bedded red mudstones. Root traces confer a diffuse 

prismatic structure to the horizon, 0.30 m thick, in gradual contact with the lower 

horizon, overlain at the top by red silts. 

 

4.2. Mineralogy and Petrology  

 

 Thin sections show that samples are composed of a fine groundmatrix 

which includes micrite, dolomicrite and clays (Figs. 4, 5). In the lower horizon 
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and in the and less carbonate layers of the intermediate horizon coarse detrital 

clasts (fragments of volcanic rocks, olivines, fragments of coarse crystalline 

dolomite and chabazite) are irregularly distributed within the groundmatrix, 

which is cut by  empty or dolomite and/or chabazite filled circum-granular and 

planar cracks (Fig. 4A, 5A). The carbonate layers either dolomite (Fig. 4B, 5B) 

or calcite (Fig. 4C, 5C) include coated grains, irregular laminations and alveolar 

septal structures, but lack chabazite or dolomite filled cracks. Mineralogy of the 

profile is complex, including a wide variety of components (Table 1) inherited 

from both the host rock and minerals formed within the soil profile. 

 

1.- Fragments of volcanic rocks and volcanic minerals have porphyritic texture 

with olivine and augite phenocrysts included in a groundmass with opaques and 

glass. Some vacuoles contain chabazite; fragments are corroded, and their size 

may reach several mm. Olivine and augite occur within volcanic fragments and 

also as individual grains about 0.5 to 1 mm across, embedded in a carbonate-

clayly matrix (Fig. 6A). Olivine is altered to iddingsite, a red-brown mass formed 

by saponite, goethite (Eggleton, 1984) and other clay minerals. Augite is altered 

to serpentine, uralite and chlorite, but less than is the olivine.  

 

2.- Phyllosilicates occur as a dark, cracked groundmass mixed with dolomicrite, 

as relics within carbonate layers and as coatings on any silicate component of 

the profile (Fig. 6B). XRD studies indicate that they are mostly smectites, which 

is consistent with SEM observations (Fig. 6C). 
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3.- Chabazite is a zeolite which may contain different amounts of Na, K, Ca or 

Mg. Chabazites from the study profile are rich in Na (Table 1). In thin sections 

they appear as fibrous-radial or petaloid-like spherulites or more rarely as 

crystalline euhedral to subeuhedral equant mosaics (Fig. 6D-H). Fibrous-radial 

spherulites are about 0.5 mm in diameter. Petaloid spherulites are smaller (0.2 

mm), composed of 6-10 triangular crystals. Chabazite occurs as: 1) detrital 

fragments; 2) cements partially or totally filling vacuoles or fractures within 

volcanic fragments; and 3) cements filling cracks within the micrite carbonate 

matrix or around detrital grains. In many cases, especially cases 1 and 3, 

chabazite is partially replaced by dolomite (Fig. 6G, H). 

 

4.- Dolomite is the only carbonate mineral in the lower part of the profile, but is 

also present in the upper part, together with calcite. It is either coarse crystalline 

or dolomicrite. Coarse crystalline dolomite appears as: 1) cements filling cracks, 

within the dolomicrite or micrite matrix or on weathered detrital grains, 

commonly distributed all throughout the pore or coating all the surface of 

specific grains (Figs. 4A, 7A), 2) partially replacing chabazite (Fig. 6G, H), 3) as 

detrital etched fragments, up to 2 mm across (Fig. 7B, C). This coarse dolomite 

is zoned, as clear dolomite bands are interrupted by dark-cloudy ones. 

Dolomicrite occurs as: 1) homogeneous or peloidal matrix, in cases replacing 

and corroding detrital grains (Figs 4B, 7C), 2) irregular and thin coatings on 

detrital grains (Fig. 7D), and commonly alternating with red clays, 3) micritic 

filaments (Fig. 7E), 4) forming irregular laminar structures (mm-thick) in which 

micrite alternates with irregular empty cracks. Some needle-like fibre crystals 
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also occur within dolomicrite (Fig. 7F). Very commonly dolomicrite is found 

coating or overlying dolomite cements or chabazite (Fig. 7E, F).  

 Dolomite, having superstructure peaks, lends itself to calculation of the 

degree of order (Goldsmith and Graf, 1958), which varies between 0.46 and 

0.94 (Table 1). Samples with a higher order degree, in the lower part of the 

profile, has coarse dolomite more commonly than dolomicrite. The amount 

CO3Mg varies between 40 and 44%, whereas CO3Ca varies between 55 and 

59%, indicative of a Ca-rich dolomite. 

 

5.- Calcite, mostly micrite and rarely microspar, occurs mostly in the upper part 

of the profile. Calcite micrite occurs with an arrangement similar to that of 

dolomicrite, but micritic filaments and/or alveolar septal structures are more 

common (Fig. 7G, H). No features indicative of dedolomitization were found. 

XRD and microprobe analyses indicate that calcite is HMC with a mean CO3Mg 

content of 9%. 

 

4.3. Isotope Geochemistry 

  

 Mean δ13C values are -8.90‰VPDV for calcite and -8.40 ‰VPDV for 

dolomite. Calcite has mean δ18O ‰VPDV values of -1.86 and dolomite of 0.54. 

Although the number of samples is limited, carbon values do not differ greatly 

between the calcite and dolomite of the same sample, whereas oxygen values 

are about 1% heavier in dolomite (Fig. 8). Oxygen values are in the range of 

other calcretes from Lanzarote and Fuerteventura islands (Huerta et al., 2015), 

whereas carbon values are, in general, lighter. 87Sr/86Sr (0.7078 to 0.7081) 
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values are very similar to those obtained by Huerta et al., (2015) in calcretes 

developed on basaltic host rocks. 

 

5. Discussion 

 

5.1. Mineral formation 

 

 The complex mineralogy of this profile, specially the presence of 

chabazite, differentiates it from other calcrete profiles described in the eastern-

most Canary Islands (Genise et al., 2013; Huerta et al., 2015), and also from 

most calcrete-dolocrete profiles in which chabazite is uncommon. Chabazite is 

common in volcanic settings either as a hydrothermal or weathering product 

(Robert et al., 1988). Very probably chabazite infills of some vacuoles of 

volcanic fragments occurred during hydrothermal alteration of basalts (Pérez-

Torrado et al., 1995; Pérez-Guerrero et al., 1997; Robert, 2001). On the 

contrary, chabazite recognized in cracks formed during weathering caused by 

percolation of meteoric waters through porous volcanic material, as described 

by Gottardi (1989). Under semiarid to arid climates, evapotranspiration may 

produce alkaline conditions suitable for chabazite (and other zeolites) 

precipitation in soils (Hay and Sheppard, 2001), together with other zeolites and 

carbonates as described also in Olduvai Gorge (Tanzania) (Ashley and Driese, 

2000). Chabazite precipitation is favoured by the presence of inherited 

chabazite in soils (Ming and Boettinger, 2001) as in this study case, where the 

coarse size of crystals and its presence mostly in cracks point to formation 

under phreatic conditions, either as cement or replacement of dolomite.  
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 The two types of dolomite reflect different conditions, but in both cases 

dolomite formed in the absence of a previous carbonate precursor, as also 

described in soils of non-volcanic areas (Spölt and Wright, 1992; Casado et al., 

2014). Coarse, zoned dolomite formed mostly as phreatic cements, as indicated 

by its symmetric arrangement and zoning around voids, and by the absence of 

any pedogenic features. Similar groundwater dolocretes, with dolomite filling 

different types of cavities, have also been described in karst settings (Khalaf, 

1990; Khalaf and Abdullah, 2013), where dolomite was also considered a 

precipitate that did not replace any previous mineral. In fluvial groundwater 

dolocretes, dolomite saturation of groundwater is driven by the early 

precipitation of calcite, which caused an increase of Mg concentration (Spötl 

and Wright, 1992). However, this mechanism is excluded from the Mirador del 

Río profile, as there is neither previous calcite precursor nor the expectation of 

lateral chemical evolution of groundwaters. In our case, weathering of basaltic 

rocks or of their fragments produced Mg-rich solutions favoring dolomite 

formation, mostly as cement but also locally replacing chabazite (Podwojewski, 

1995; Capo et al., 2000; Whipkey et al., 2002; Whipkey and Hayob, 2008). The 

generally arid to semi-arid climate, as that prevailing in the Canaries, could 

cause variations in the degree of saturation of groundwater, enabling the 

formation of zoned dolomite. Cloudy zones are probably partially dissolved 

dolomite, and the clear ones stable, undissolved dolomites (Khalaf and 

Abdullah, 2013), similarly to that described in cave aragonites, where 

micritization by partial dissolution produced dark, clouded bands (Martín-García 

et al., 2014).  
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 Dolomicrite replacement of the soil matrix, grains with dolomite coatings, 

dolomicrite filaments and peloidal dolomicrite probably formed under vadose 

conditions and under some biogenic control, as also indicated by needle-like 

crystals and alveolar septal structures (Callot et al., 1985; Phillips and Self, 

1987; Verrecchia and Verrecchia, 1994; Bajnóczi and Kovács-Kis, 2006; 

Cailleau et al., 2009). Very commonly these mostly fungal structures, 

interpreted as biogenic, are formed by calcite, aragonite or calcium oxalates, 

but rarely by dolomite. Some exceptions are various dolomite paleosols and 

marginal lacustrine deposits from the Madrid Basin, where dolomite occurs in 

clear association with roots, either mycorrhizae or otherwise (Sanz-Montero and 

Rodríguez-Aranda, 2012, Casado et al., 2014). Although the exact mechanism 

of dolomite formation is unknown, it would seem that both biogenic and 

abiogenic processes controlled dolomite formation in those alkaline vadose 

environments (Casado et al., 2014). Of additional interest is the need for 

nutrients of roots and associated microorganisms, with their associated acids 

promoting silicate weathering, favoring release of K, Mg, Ca and Fe (Calvaruso 

et al., 2006), also possibly favoring carbonate formation in soil (Sanz-Montero et 

al., 2009). Variation in the degree of order of dolomite probably is a reflection of 

the two different types of dolomite, but all have superstructure peaks and so are 

ordered dolomites. These ordered dolomites are common in soils developed in 

basalts (Capo et al., 2000) or Mg-rich clays (Casado et al., 2014), probably as a 

result of the relatively high Mg/Ca ratio in the pedogenic environment, which 

favors the incorporation of Mg into the dolomite structure.  

 The fact that micrite calcite postdates dolomite and has its same 

textures, points to the interplay of biogenic and non-biogenic processes, but 
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also indicates fresher waters with lower Mg/Ca ratios. Such change could be 

due to: 1) decreased supply of magnesium from groundwater, 2) dominance of 

pedogenic versus phreatic conditions, and 3) aeolian dust supply of Ca to the 

top of the profile (Huerta et al., 2015), as also confirmed by Sr isotope values. In 

this last stage of evolution of the profile roots played in calcite precipitation. 

 Carbon and oxygen data in the range of most pedogenic and 

groundwater calcretes (Spölt and Wright, 1992; Williams and Krause, 1998); 

confirm the either phreatic or vadose meteoric origin of the water, Dolomite 

shows higher oxygen values than calcite due to the fractionation effect (O'Neil 

and Epstein, 1966). Relatively higher oxygen values are an indication of the 

heavier values of rain water in the eastern-most Canary Islands (Yanes et al., 

2008), as also seen in thick laminar calcrete profiles from Lanzarote and 

Fuerteventura (Huerta et al., 2015). Negative δ13C values confirm the meteoric 

origin of the water, precluding the influence of deep-sourced CO2. The later 

would have produced positive or only slightly negative carbon values, as of 

those found in travertines from nearby Gran Canaria Island (Rodríguez-

Berriguete et al., 2012; Camuera et al., 2014).   

 

5.2. Profile formation 

 

 The Mirador del Rio profile developed on weathered basalts and sandy 

mudstones directly overlying basalts. In the lower part of the profile it is difficult 

to distinguish ―in situ‖ weathered basalts from detrital sandy mudstones. Clearer 

evidence comes from the presence of detrital grains of both chabazite and 

dolomite, which suggests the reworking of previously weathered basalts. 
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 Weathering of detrital sandy mudstones produced red clays (smectites) 

that constitute, together with the dolomicrite, the matrix of an incipient paleosoil 

(Stage 1, Fig. 9). Formation of smectites was mainly due to the transformation 

of ferromagnesian minerals (Eggleton et al., 1987) such as olivine or augite. In 

addition, the presence of clay-cutans also points to iluviation processes within 

the profile (Wilson, 1999). 

 Dolomite precipitation as coarse crystals filling voids suggests a stage 

(Stage 2) of profile formation under groundwater conditions similar to some 

karst-related dolocretes (Khalaf and Abdullah, 2013). The magnesium required 

came from the weathering of basaltic rocks and basaltic components of the 

profile host rocks, which also supplied the cations required to form chabazite. 

Both weathering and precipitation of chabazite and dolomite occurred under 

seasonally contrasted arid to semi-arid climates, allowing the formation of 

zoned dolomite. Variable humidity conditions also could cause differences in pH 

or the supply of silica, Mg, or Na, favoring replacement of chabazite by 

dolomite, under alkaline, non-evaporite conditions. This context is somehow 

different from that commonly described for groundwater calcretes or dolocretes, 

as they seem to be linked to the presence of evaporite bodies (Arakel, 1986, 

1991; Spölt and Wright, 1992; Colson and Cojan, 1996; Jutras et al. 2007), 

where dolomite formed as the result of evaporation and evapotranspiration 

which caused the down-dip increase of Mg/Ca ratio of groundwater due to 

previous calcite precipitation within sediments. Both the morphology of the 

profile and its geochemistry point to formation in meteoric groundwaters, with no 

influence of evaporites. In addition, detrital fragments of coarse zoned dolomite 

in various levels within the profile indicate surface reworking of older profiles.  
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 Formation of dolomicrite (St 3) and the dominance of calcite (St 4) in the 

upper part of the profile suggest a change from dominant phreatic to vadose-

pedogenic conditions. In these stages (Fig. 9), biogenic processes played an 

important role in accumulation of carbonate within the profile, with root mats 

contributing to the formation of the carbonate layers interbedded with the sandy 

mudstones as described in other rootcretes (Alonso-Zarza and Jones, 2007; 

Meléndez et al., 2011; Bustillo et al., 2013).  Transition from dolomite to calcite 

is an indication of the decrease of Mg supply from weathering, as well as an 

increase of Ca supplied by eolian dust (Stage 4).   

 Composition of host rock (alkaline basaltic-like detritals) and arid to 

semiarid climatic conditions of Lanzarote, determined the formation of an 

alkaline mineral association under both phreatic and vadose (pedogenic) 

conditions. Study of the mineral association of these profiles has additional 

implications such as: 1) similar associations have recently been found in the 

surface of Mars (Ming et al., 2008; Sutter et al., 2012), so study of these profiles 

could provide clues to the understanding of environmental and geochemical 

conditions prevailing there; and 2), presence of carbonates in these profiles, 

previously absent, due to fixation of CO2, highlights the potential of these 

profiles as CO2 sinks. 

 

6. Conclusions 

 

 The profile studied is an example of the complex interaction between 

groundwater and vadose processes that operate on basaltic-sourced host rocks 

under arid to semiarid climates. The profile developed on detrital rock 
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composed of basaltic fragments. In the initial stage (1), alteration of volcanic 

rock and detrital fragments gave place to the neoformation of red-smectites, 

and liberated a variety of cations (eg. Mg, K, Na, or Fe) to the interstitial waters. 

In Stage 2, the initial chabazite precipitation was followed by dolomite formation 

under phreatic conditions (coarse dolomite). Zoned dolomite indicates changes 

in water composition, probably due to alternating, always alkaline, drier and 

wetter conditions. Vadose-pedogenic conditions prevailed in Stage 3 in which 

dolomicrite formed within the profile. Dominance of calcite at the top of the 

profile is an indication of the increasing Ca/Mg ratio in the profile, as a result of 

increasing input of aeolian dust, and decreasing supply of Mg from the hostrock 

(Stage 4).  

 Different dolomite textures suggest different formation processes, mostly 

abiogenic in Stage 2 (coarse zoned dolomite) and biogenic, dominated by roots, 

in Stages 3 and 4, as indicated by dolomicrite filaments, peloids, and alveolar 

structures. In both cases, origin of the water was meteoric, as shown by 

geochemical data, which also confirms the lack of input of deep sourced CO2.  

 Although in volcanic settings, similar profiles have rarely been described, 

presence of detrital fragments of coarse-zoned dolomite points to reworking of 

previous profiles, so in these settings these dolocrete profiles may be relatively 

common. Study of these profiles may clarify the process of transition from a 

volcanic to a pedogenic environment, and the processes involved in the 

formation of alkaline surficial paragenesis, containing, for example, carbonates 

and zeolites.    
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FIGURE CAPTIONS 

 

Table 1. Mineralogy and isotope data of the studied samples. 

 

Fig. 1. Map showing the location of the Mirador del Río profile and the geology 

of the studied area. 1. Hierro, 2. La Palma, 3. Gomera, 4. Tenerife, 5. Gran 

Canaria, 6. Fuerteventura, 7. Lanzarote. 

Fig. 2. Sedimentary log of the Mirador del Río profile and its mineralogy. 

Fig. 3. (A) Outcrop of the Mirador del Río profile with indication of the three 

horizons: lower (L), intermediate (I) an upper (U). (B) Intermediate horizon in 

which the red cracked sandy mudstones (1) include white carbonate layers (2). 

(C) Closed-up view of the sandy mudstones with cracks filled partially by 

chabazite and dolomite cements (arrowed). 

Fig. 4. Microphotograhs of thin sections: (A) Sandy mudstones of the 

intermediate horizon composed by a dolomicrite groundmass (g) with volcanic 

fragments (v) and cracks (arrowed) filled with dolomite (d) and chabazite. (B) 

The dolomicrite groundmass of the dolomite layers of the intermediate horizon 

also includes large volcanic fragments (v) and detrital dolomite grains (arrowed, 

d). (C) Calcitic layers consist of a micrite groundmass with volcanic fragments 

(v) coated by micrite (arrowed) and locally laminated micrite (arrowed). 

Fig. 5. Sketches of the micromorphology of the different parts of the profile. A. 

Intermediate horizon, cracked sandy mudstones. B. Intermediate horizon 

dolomitic layers. C. Upper horizon. 

Fig. 6. (A) Coarse altered and broken olivine fragment (ol). (B) Detrital grain 

with a thin clay coating (arrowed). (C) Detailed view of a clay coating showing 
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an open structure characteristic of smectites (arrowed). (D). Fibrous-radial 

chabazite (ch) filling cracks within the groundmass, coarse zoned dolomite grew 

in the remaining porosity. (E, F). Same image under parallel and crossed 

nichols showing chabazite (ch), coarse zoned dolomite (d) and dolomicrite 

groundmass (dm).(G, H) The infill of the porosity of the mudstone layers is 

made by spheroidal chabazite and coarse zoned dolomite which partially 

replaces chabazite. 

Fig. 7. Carbonate layers. (A) Chabazite and coarse zoned dolomite filling cracks 

within the dolomicrite groundmass. (B) Detrital fragments of coarse zoned 

dolomite. (C)  Peloidal dolomicrite groundmass containg detrital fragments 

some composed of dolomite (d) and chabazite (ch). (D) Dolomicrite containing 

some detrital grains coated by dolomicrite (arrowed). (E) Organic filaments 

within the dolomicrite groundmass. (F) Needle crystals within the dolomicrite. 

(G) Micritic filaments (arrowed) and peloids (arrowed) filling partially a crack 

within the calcite groundmass. (H) Alveolar septal structures in the topmost 

horizon. 

Fig. 8. δ13C ‰VPDV and δ18O ‰VPDV plots of the carbonates of the Mirador 

del Río profile and comparison with other calcretes form Lanzarote and 

Fuerteventura (Huerta et al., 2015). 

Fig. 9. Model illustrating the 4 stages of development of Mirador del Río profile. 

For legend see Fig. 2. 
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Fig. 3 
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Table 1 

Sample (MR) 
 
 

XRD  
% Mineralogy (semiquantitative) 

Isotopes  
(‰ VPDB) 

Isotopes  

(‰ NBS 987) 
Degree of order 

 

Dolomite Calcite Augite Chabazite 
Phyllosilicates 

(Smectites)   δ
18

O   cal    δ
18

O  dol δ
13

C  cal   δ
13

C  dol 
87

Sr/
86

Sr   

1 60 0 20 10 10 ‒ 0,64 ‒ -7,78 0,707 0,866 

1_2 60 0 10 20 10 ‒ ‒ ‒ ‒ 
 

0,828 

2 65 0 20 10 5 ‒ 0,44 ‒ -7,51 
 

0,756 

4 70 15 0 5 10 -0,84 0,47 -8,4 -7,84 0,707 0,462 

3 30 55 0 10 5 -2,82 -1,94 -9,68 -9,69 
 

0,945 

5 30 45 0 10 15 -1,77 -1,4 -8,46 -8,2 
 

0,478 

6 15 50 15 5 15 -1,99 -1,28 -9,26 -9,39 0,708 ‒ 

 

 




