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Abstract 

During the Cretaceous, high global sea-level and low latitudinal temperature variations led to the growth of 

epeiric carbonate platforms.  Platform-scale dolomitization of these platforms is not common, reflecting the low 

Mg/Ca ratio of seawater and a humid climate.  This study describes the processes governing pervasive 

dolomitization of a land-attached carbonate platform within the Iberian Basin.  Dolomite is planar to sub-planar 

with a geochemical signature consistent with dolomitization from penesaline seawater.  Dolomitization was 

most pervasive during a 1 My period in the middle Cenomanian, by repeated reflux of seawater from brine pools 

formed on the top of a southward-prograding carbonate platform.  Tilting and structural reorganisation in the 

Upper Cenomanian led to a reversal in polarity of the platform, and dolomitization was restarted by the 

northwards reflux of seawater. Rising relative sea-level and oceanic acidification led to back-stepping of the 

platform such that the supply of dolomitising fluids was cut off.  In the Lower Turonian, pervasively dolomitized 

rudist rudstone facies in the south of the study area indicate that dolomitization restarted, either 

penecontemporaneously or later, from highly evaporated Campanian-Maastrichtian seawater.   

A systematic increase in dolomite crystal size up-section ties broadly, but not entirely, to stratigraphy.  It is 

possible that these textural differences reflect changes in fluid chemistry, limestone permeability or precursor 

rock texture.  However, the lack of stratigraphic conformance, and the preservation of the earliest-formed 

dolomite only in the oldest sediments, could indicate a progressive recrystallization of early-formed dolomite 

through repeated reflux of brines. As such, the succession appears to preserve a fossilized record of dolomite 

recrystallization through time during the Cenomanian – Turonian. The results of this study therefore provide a 

record of the progressive dolomitization of a carbonate platform and demonstrate the important interplay of 

climate and basin-scale tectonics on dolomite distribution and crystallinity.   
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INTRODUCTION 

Dolomitization is one of the most comprehensively studied, yet still poorly understood, processes in 

sedimentology.  Dolostone is of particular importance because it is a host rock for hydrocarbon, water and 

mineral resources (Iannace et al., 2011).  Near-surface, platform-scale dolomitization, which occurs prior to 

significant burial of many carbonate sediments is largely ascribed to the reflux of seawater from brine pools 

formed on the top of carbonate platforms (Warren, 2000; Machel, 2004). Many case studies do not, however, 

take full account of the influence of allogenic controls, such as climate, tectonism and hydrology, even though 

they can influence the composition, supply and drainage of dolomitizing fluids.  Conversely, reactive transport 

models have provided insight into the processes governing dolomitization, but only a few have been compared 

to natural datasets (e.g. Garcia-Fresca et al., 2009, 2012; Al Helal et al., 2012). 

The Iberian Basin of northern Spain provides an excellent locality to investigate how relative sea-

level and basin-scale tectonics interacted to control the extent of dolomitization on a carbonate platform (Figs 

1 and 2). The well-exposed succession of shallow marine, Cretaceous strata allows the distribution of dolostone 

to be mapped in order to spatially and temporally delineate its distribution. In the Cretaceous, the Iberian Basin 

formed a narrow, shallow seaway that was periodically connected to the northern Atlantic Ocean and southern 

Tethys Ocean (Floquet, 1991, 1998; Figure 1). During this time, relative sea-level rose to its maximum for the 

entire Phanerozoic (Haq et al., 1987; Segura et al., 1993a; Garcia et al., 1993, 1996; Gil et al., 2006; Garcia-

Hidalgo et al., 2007), whilst tectonic activity in the western Mediterranean led to a dramatic rearrangement of 

the Iberian Plate, and a change in the basin architecture (Floquet, 1991; Alonso et al., 1993, Gimenez et al., 1993, 

Caus et al., 2009). This paper presents the results of a detailed study of the region, using outcrop, petrographical 

and geochemical data, to fully assess the controls on dolomitization of Cenomanian-Turonian strata of the 

Iberian Basin. It allows analysis of how changes in relative sea-level and basin architecture has affected the 

distribution of dolomite within shallow marine strata.   

GEOLOGICAL SETTING 

During the Cenomanian, the Iberian Basin was characterized by a narrow, shallow seaway that extended across 

the Iberian Peninsula, flanked to the west by the Hesperian Massif and to the east by the Ebro Massif (Fig. 1) 

(Floquet, 1991; Alonso et al., 1993; Garcia-Hidalgo et al., 2007).  The Atlantic Ocean and the Tethys Ocean were 

separated by a land bridge in the centre of the basin, known as the Seuil High, which was drowned during the 

lower and uppermost Cenomanian (Figure 1) (Floquet, 1991; Alonso et al., 1993; Wilmsen, 2000). Sea floor 

spreading in the Bay of Biscay during the Upper Cenomanian led to rotation of the entire Iberian Peninsula and 

tilting towards the north-west (Garcia-Mondejar, 1996; van Wees et al., 1998). This tilting resulted in exposure 



of the southern part of the Iberian Range and Betic Basin (Floquet, 1991; Alonso et al., 1993; Martin-Chivelet, 

1995) and increased subsidence in the Basque-Cantabrian Basin (Platzman and Lowrie, 1992). At this point, the 

Atlantic Ocean and Tethys Ocean became separated, with flooding of the Iberian Basin from the Atlantic Ocean 

to the north.  

During the Cenomanian, the Iberian Basin was situated within a semi-arid climate belt (Rodriguez-

Lopez et al., 2006, 2008) which moved northwards during the Upper Cretaceous, as the North and South Atlantic 

Ocean became connected (Chumakov et al., 1995). Mean sea surface temperatures in the Iberian Basin have 

been estimated to be as high as 30°C (Schouten et al., 2003; Steuber et al., 2005).  The peninsula was also subject 

to a complex wind pattern, primarily directed from the west (Fig. 1; Poulsen et al., 1998). It has been suggested 

that this wind pattern, coupled with the palaeo-topography of the area, could have led to a significant rain 

shadow effect in the southern and central parts of the basin (Rat, 1989). 

The Upper Albian to Middle Turonian succession was deposited in the Iberian Basin during the UZA 

2 global sea-level rise of Haq et al. (1987).  It can be split into five 3rd order transgressive-regressive (T-R) cycles 

(UZA 2.1 to 2.5) traditionally referred to as lithostratigraphic formations as defined by Segura et al. (1993a) and 

adopted in this study.  In the summary below, lithostratigraphic units are referred to in brackets and are also 

compared to the sequence stratigraphic framework in Fig. 3. The UZA 2.1 to 2.2 (basal Utrillas Formation) is 

composed of upwards-fining continental sandstones (Floquet, 1998) and is unconformably overlain by shallow 

marine, subtidal carbonates of UZA 2.3 (Santa Maria de las Hoyas Formation), dated as lower to middle 

Cenomanian (Garcia et al., 1993; Floquet, 1998; Figure 3 - 4). To the west of the Iberian Basin the carbonate 

platform transitions into coarse-grained, well-sorted sandstones (Garcia et al., 1993; Gimenez et al., 1993; 

Newport, 2014). UZA 2.4 (Villa de Ves Formation) has a sharp, conformable contact with UZA 2.3 (Garcia et al., 

1996), whilst the top of this unit is defined by a subtle exposure surface, which truncates the uppermost 

parasequence on the northern margin with the Seuil High (Figs 3 and 4; Garcia et al., 1993, Gimenez et al., 1993; 

Gil et al., 2004).  The unconformity is overlain by UZA 2.5 (Picofrentes Formation) which contains common 

oysters, planktonic forams and ammonites, indicative of an upper Cenomanian age (Floquet, 1991; Alonso et al., 

1993; Segura et al., 1993a, b; Garcia-Hidalgo et al., 2007; Peyrot et al., 2011).  It is differentiated here as UZA 

2.5 T, whilst the overlying succession (equivalent to the Ciudad Encantada Formation) is termed UZA 2.5 R.  The 

upper UZA 2 boundary is interpreted at the top of the Lower Turonian (Ciudad Encantada Formation; Segura et 

al., 1993b). 

 

METHODS 

Fifteen sections, ranging from 9 to 141 metres in thickness of Cenomanian to Turonian sediments were logged 

and systematically sampled using traditional field logging methods (Fig 2; Table 1).  400 samples were collected, 



of which 200 were prepared as 30 µm covered thin sections that were stained with potassium ferricyanide and 

alizarin red S (Dickson, 1966), to identify ferroan cements and differentiate calcite and dolomite, and 

impregnated with blue resin to highlight porosity. Crystal size measurements were conducted using Petrog© 

point counting software and a stepping stage; 250 points were counted per section. A subset of 40 samples were 

prepared as unstained, polished and uncovered sections. Cathodoluminescence (CL) analysis was carried out 

using an Olympus BH-2 microscope (Olympus, Tokyo, Japan) attached to a Citl 8200 mark-2 cold 

cathodoluminescence machine (CITL, Hertfordshire, UK) at an accelerating voltage of 10 to 12kV, a vacuum of 

0.2 Torr and a cathode current of between 310 to 335µA.  

Rock powders for X-ray diffraction (XRD), isotopic and trace element analysis were collected using 

a Dremel microdrill. The smallest microdrill bit available was 0.7 mm diameter, restricting microsamples to 

crystals >> 0.5 mm.     Approximately 1 g of each sample was reacted in 5 ml of 1M sodium acetate (CH3COONa) 

that was adjusted to pH 5 using 1M acetic acid (CH3COOH).  Purity of remaining samples was then checked using 

XRD at the University of Manchester using a Bruker D8 advanced instrument (Bruker, Billerica, MA, USA) and Cu 

Kα1 radiation. Data was collected over a range of 5°2θ to 70°2θ with a step size of 0.02°2θ. Standards of known 

composition were run prior and post data collection to ensure accuracy.  Quantification of mineral composition 

was carried out using Siroquant software which uses the intensities and area under peak of XRD results to 

determine the percentage of each mineral within the sample.  Stoichiometry of the sample was calculated using 

the method proposed by Lumsden (1979). 

Stable oxygen and carbon isotope analysis was conducted on 0.30 mg of samples dissolved in 

phosphoric acid and analyzed using a ThermoFinnigan MAT 253 mass spectrometer attached to a Gasbench II 

and a PAL auto sampler (Thermo Fisher Scientific, Waltham MA, USA). All values are reported relative to the 

Vienna Pee Dee belemnite (VPDB). Certified carbonate standards NBS 19, CO-1, CO-8 and an internal standard 

(RUB) were used to ensure accuracy and precision of analysis. Standard deviations are 0.4%0 and 0.15%0 for 

carbon and oxygen respectively. The concentration of the Ca, Mg, Fe, Mn and Sr was determined using a Thermo 

Scientific iCAP 6500 DUO inductively coupled plasma optical emission spectrometer (ICP-OES) (Thermo Fisher 

Scientific, Waltham MA, USA). Prior to analysis, approximately 0.15 mg of sample was dissolved in 3M NHO3 and 

then diluted using 2 ml of deionized water (>18.2MΩcm-1). Reference samples BSC-CRM-512, dolomite and BSC-

CRM-523, limestone were run as standards. The relative standard deviation (%RSD) was <5% for all elements 

and samples.  

Measurements of Sr isotope values were carried out at the SGIker-Geochronology and Isotopic 

Geochemistry facility of the University of the Basque Country UPV/EHU (Spain). The procedure for sample 

treatment and extraction of Sr was carried out according the method of Pin and Bassin (1992) and Pin et al. 

(1994). The 87Sr/86Sr ratios were measured by MC-ICP-MS using a high-resolution Thermo Fisher Scientific 

Neptune instrument in static multicollection mode (Thermo Fisher Scientific, Waltham MA, USA), and corrected 



for mass fractionation by normalization to 88Sr/86Sr = 8.375209 (Steiger and Jager, 1977).  The uncertainty for 

individual measurements of 87Sr/86Sr isotopes and average ratio under the same conditions for NBS-987 standard 

over the period of analyses was 0.710269 +/-0.000015 (2 SD). 

RESULTS 

Sedimentological framework 

The sedimentological framework described and interpreted here is a summary of a larger study (Newport, 2015), 

which builds upon extensive prior sedimentological analysis of the Iberian Basin (Floquet, 1991; Gimenez et al., 

1993; Garcia et al., 1996; Gil et al., 2006; Garcia-Hidalgo et al., 2007). The oldest sediments within the study area 

(UZA 2.3) on the eastern side of the basin comprise herringbone and trough cross-bedded, medium-grained to 

coarse-grained, well-sorted sandstone.  These beds are overlain by dolomitized, microbial bindstone.  Most of 

the succession, is dominated by skeletal wackestone and packstone, with abundant miliolid foraminifera and 

dasycladacean algae.    There is a sharp and conformable contact with UZA2.4, which is pervasively dolomitized, 

but with some fabric retention observed in outcrop.  It comprises a basal, upward-cleaning succession of 

microbial laminites overlain by oolitic grainstone, exhibiting an increase in grain size and decrease in mud 

content.  There is an increase in the volume of cleaner, grainier facies from north to south (Fig.  4).  

Approximately 10 stacked, ~1 m thick successions of oolitic grainstone are each capped by gastropod and 

foraminiferal wackestone and microbialites, with tepee structures and mud cracks.  The upper parasequence of 

UZA 2.4 is absent, either removed by erosion or not deposited because of platform emergence.   The thickness 

and volume of skeletal pack-grainstone, increases to the south. The top of UZA 2.4 is defined by minor 

brecciation, rip-up clasts, rhizoliths and vuggy, calcite-cemented porosity. 

The basal, UZA 2.5 (UZA 2.5T) is defined in the south of the Iberian Basin by skeletal pack-

wackestones, oolitic pack-grainstones and thin, algal laminated bindstones.  These have, locally been completely 

obscured by fabric-destructive dolomitization.  There is a northwards transition into skeletal wackestone with 

planktonic foraminifera and echinoid debris (Fig.  4).  Eventually, the entire succession, across the basin, 

becomes dominated by nodular skeletal wackestones with oysters, ammonites and planktonic foraminifera. 

Basinwide, the succession culminates with a lime mudstone to wackestone with planktonic foraminifera, 

echinoid debris and articulated oysters.  Locally, a thin, black, mudrock occurs, which is rich in ammonites. 

The uppermost UZA 2.5 (UZA2.5R) shows a rapid increase in grain size and skeletal abundance.   In 

the southern part of the study area, it is pervasively dolomitized with abundant biomoulds, after rudists, with 

large northward dipping, downlapping clinoforms (tens of metres in scale).  The succession is capped by an 

irregular brecciated surface and palaeosols, which can be mapped regionally.  To the north, the succession 

passes into fine-grained limestones and marls (Fig. 3 to 4). 

 



Dolomite textures 

Based on petrographical analysis, five principal dolomite petrotypes were observed.  All have planar fabrics 

(sensu Sibley and Gregg, 1987), exhibit unit extinction and are cross-cut by stylolites (Tables 2 and 3).  

Type i and ii dolomite 

Type (i) dolomite is a clear, fine to medium crystalline (50 to  75 µm), planar-e to, rarely, planar-p dolomite that 

selectively replaces micrite matrix whilst skeletal grains remain intact or are dissolved (Fig. 5A and B). It 

comprises <10% of the total rock volume, usually forming floating rhombs in a micrite matrix.  It preferentially 

replaces burrows that have occasionally been completely dolomitized. Under CL, Type (i) dolomite is dull orange 

to non-luminescent with a mottled appearance and no zonation (Fig. 5C and D). Type (ii) dolomite is a fine to 

medium crystalline (~50 to 100 µm), euhedral, dull orange to non-luminescent dolomite cement that lines, but 

only rarely fills (<5% of dolostone volume), vuggy, fracture and mouldic porosity (Fig. 5E). Due to the relatively 

minor and diffusely distributed volume of type i and ii dolomite, it was not possible to isolate sufficient material 

for geochemical analysis.   

Type iii dolomite 

Type iii dolomite accounts for 90% of the dolomitized rock volume in the Cenomanian and can be split into three 

subtypes.  Much of the succession comprises Type iii(a) dolomite, which is cloudy, finely crystalline (~10 to 50 

µm) and completely replaces micrite within subtidal facies and algal laminites of the UZA2.4 and lowermost UZA 

2.5. It has a dull orange to dull red-orange luminescence, with a mottled appearance and a complete lack of 

zonation (Fig. 6A and B). Bioclastic material is never preserved but precursor skeletal allochems are recognizable 

as biomoulds.  In the upper parts of UZA 2.4, a medium crystalline dolomite (~50 to ~75µm; Fig. 6C) overprints 

Type iii (a) in patches, with no obvious control on its distribution. This is defined as Type iii (b) dolomite, since it 

has coarser crystallinity and a less cloudy appearance than Type iii (a), occasionally showing a cloudy core, clear 

rim morphology, and a dull red luminescence.  Moulds within replacive type iii (a and b) dolomite are commonly 

lined by euhedral crystals of dolomite cement [Type iii (c)], measuring up to 175 µm in size and showing dull red 

luminescence with very fine non-luminescent zones (Fig. 6B).  This cement overgrows replacive dolomite. Similar 

cements also patchily occlude coarse-grained sandstones in UZA 2.3 (Fig. 6D). 

The patchy distribution of Type iii (b) dolomite and the small size and isolated location of Type iii 

(c) dolomite cement means that it was not possible to confidently separate them for geochemical analysis.  

Therefore, the geochemical characteristics of Type (iii) dolomite are reported together.  They have an average 

δ18O = -1.98‰ PDB (-4.20 to -0.94‰ VPDB) and average δ13C = of -0.16‰ VPDB (-1.93 to 1.94‰ VPDB; Fig. 7; 

Table 3). Samples from the eastern side of the basin have lighter carbon and a wider range of lighter oxygen 

isotopic signatures within the uppermost UZA 2.4 (Fig. 7 and 8). Type iii dolomite has a range of compositions, 



from 48.5 to 57% CaCO3, with an increase in CaCO3 upwards towards the top of UZA 2.4; many of the samples 

with higher concentrations of Ca exhibit depleted δ18O and δ13C and, in some cases, an increased crystal size 

(Fig. 8). Average concentrations of iron are relatively high (Fe = 972 ppm; 1 to 1409 ppm), whilst manganese and 

strontium concentrations are low (Mn = 73 ppm; 34 to 141 ppm and Sr = 88 ppm; 57ppm to 168ppm; Table 3; 

Figs 9 to 10).  Samples with the lowest concentrations of Fe have the lightest δ18O and enriched concentrations 

of Ca (Fig. 9). To the north, on the Seuil High, much of the UZA 2.4 at Ventosa, Marazovel, Ciria and La Quinoneria 

has been dedolomitized.  These samples have relatively light isotopic carbon (δ13C = -5.4, -0.7 to -8.1‰) and 

oxygen (δ18O = -7.4, -6.7 to -7.6‰) and depleted iron (5.1, 0.4 to 12 ppm) compared to dolomite (n=6).    

Average 87Sr/86Sr values of 0.70809 (0.70758 – 0.70889) were measured in Type (iii) dolomite, with 

a moderate, positive correlation between 87Sr/86Sr and Fe concentration, Sr concentration and δ18O but no 

apparent correlation between Mn concentration and 87Sr/86Sr ratio (Fig. 10).   

Type iv dolomite 

Type iv dolomite occurs as a replacement and a cement.  Type iv (a) dolomite is a fabric destructive, medium 

crystalline (50 to 100µm), planar-e to planar-s replacive dolomite with a cloudy core and clear rim morphology 

(Fig. 11A and B). Under CL, it has a dull yellow/orange mottled luminescent core with a dull red rim that shows 

very fine dull red to non-luminescent zones (Fig. 11B). Type iv (b) dolomite is a non-luminescent cement, 

occasionally with sharp, bright luminescent subzones, that occludes remnant intercrystalline porosity. It 

comprises 5% of the total dolostone volume in the Cenomanian. 

Although Type iv (a) crystals are up to 100 mm diameter – and therefore could be sampled, the 

patchy distribution of Type iv (b) dolomite means that it could not be confidently separated for geochemical 

analysis, and could have contaminated Type iv (a) samples. The data are therefore reported here collectively, 

but are considered to be representative of Type iv (a) replacive dolostone which is pervasive and .  They have an 

average δ18O = -2.7‰ VPDB (-3.3 to -1.7‰ VPDB) and δ13C = 2.64 VPDB (1.3 to 3.8‰ VPDB; Table 3; Fig. 7).  

Although crystal size increases upwards above the top of the UZA 2.4, there is no apparent associated change in 

δ18O or δ13C (Fig. 7).  XRD analysis of two samples measured 50 to 55% CaCO3 (Fig. 8). Average Fe = 429 ppm 

(208 to 551ppm), Mn = 61 ppm (51 to 72 ppm) and Sr = 68 ppm (40 to 123ppm; Table 3; Figs 9 to 10) and 87Sr/86Sr 

values = 0.70823 (0.70781 – 0.70866) were measured, but with a limited sample set it is difficult to determine 

co-variance between geochemical characteristics and 87Sr/86Sr ratio (Fig. 10).  However, Type iv dolomite 

appears to show similar trends to Type iii dolomite, i.e. increasing Fe and decreasing Sr and Mn concentration 

and δ18O with increasing 87Sr/86Sr (Fig. 10).  



Type v dolomite  

Type v (a) dolomite is highly fabric destructive, very coarsely crystalline (250 to 300µm), planar-e to planar-s 

non-luminescent dolomite (Fig. 11C and D). It also forms clear, limpid, non-luminescent dolomite cement and 

lines intercrystalline and vuggy porosity [Type v (b)].  It comprises all the dolomitization seen in the Turonian 

UZA2.5R.  Collectively, Type (v) has average δ18O = -3.7‰ VPDB (-4.3 to -2.8‰ VPDB) and δ13C= 3.3‰ VPDB (-

0.3‰ to 5.5‰ VPDB; Fig. 7). XRD analysis of 6 samples measured a narrow compositional range, ~50% CaCO3 in 

all but one sample (55% CaCO3; Fig. 8).  Fe concentrations average 185 ppm (1 to 639 ppm), Mn = 28 ppm (12 to 

52 ppm) and Sr = 58 ppm (38 to 111 ppm; Figs 9 to 10) whilst 87Sr/86Sr values average 0.70772 (0.70762 to 

0.70783).  Three samples show a moderate positive co-variance between Fe and 87Sr/86Sr ratio and a strong 

negative co variance between 87Sr/86Sr and Mn concentration and δ18O (Fig. 10). 

DISTRIBUTION OF DOLOMITIZED STRATA 

Dolomite types i and ii are only observed within the UZA 2.3 and the lowermost parts of UZA 2.4 and are not 

pervasive.   To the east of the basin (in the Llumens, Ibdes and Embid de Ariza outcrops; Figure 3), Type i and ii 

dolomite are found in the uppermost 4 to 8 m of UZA 2.3 but thin northwards to around 2 m at Ciria (Figs 4 and 

12).  Type iii (a) dolomite then completely and pervasively replaces the entire UZA 2.4 as well as the lower parts 

of UZA 2.5 in the most westerly sections (Fig. 12).  Type iii (b) dolomite is patchily distributed within the 

uppermost UZA 2.4. Type iii (c) dolomite is also observed within coarse-grained sandstones of upper UZA 2.2 in 

the western parts of the basin.  

Type iv (a) replacive dolomite becomes systematically less abundant and pervasive from south to 

north across the basin. In the eastern transect, it pervasively replaces the mid to lowermost UZA 2.5 and the 

uppermost UZA 2.4 (Llumens and Ibdes sections; Figs 4 and 12). At Embid de Ariza (Fig. 3), floating rhombs of 

Type iv (a and b) dolomite are seen in the lowermost metre of UZA 2.5 but are not seen further north. In the 

west, Type iv (a) dolomite replaces the middle to upper parts of the UZA 2.5T, to the top of the exposed section.  

At the Siguenza and Ventosa sections, floating rhombs of Type iv (a and b) dolomite are seen in the lowermost 

2 m of UZA 2.5 and are not seen further north (Fig. 12). Dolomite type v (a and b) is seen exclusively within UZA 

2.5R on the south-eastern side of the basin (Llumens, Ibdes and Embid de Ariza; Figs 3 and 12), where Type v (a) 

is pervasive and fabric destructive. 

Distinct stratigraphic trends are observed in the isotopic composition of dolomite.  Beneath the top 

of UZA 2.4 there is a subtle decrease in δ18O from ~ -1.5 to ~ -5.0%0 within Type iii dolomite (Fig. 8), with a similar, 

but also subtle trend for δ13C.  Type iv dolomite shows no obvious depth trends within UZA 2.5T.  In UZA 2.5R, 

δ13C decreases and δ18O increases above the base of the formation.  Samples of unaltered limestone from UZA 

2.5T and UZA 2.3 have δ18O = -3.5 to -5.0‰ VPDB and δ13C =0.0 to +4.0‰ VPDB. 

 



Calcite cement and dedolomite 

Fine to moderately crystalline calcite (up to ~100 mm diameter) patchily occludes intercrystalline porosity.  It is 

clear, colourless and limpid and forms subhedral non luminescent crystals, occasionally with bright luminescent 

subzones.  Only two samples were analysed geochemically, recording 13C = -6.1 to -7.13%0 and 18O = -5.9 to -

7.3%0.  Concentrations of Fe (0.9 to 1.7ppm), Mn (0.3 to 1.9 ppm) and Sr (53 to 63 ppm) were low (Table 3).  

Strata on the Seuil High, at Ventosa, Marazovel, Ciria and La Quinoneria (Fig. 3) are completely 

dedolomitized (Fig. 4).  There is an upward increase in the volume of CaCO3 within successive beds throughout 

the UZA 2.4,as determined by XRD analysis, and in the uppermost 5 m, beneath the sequence boundary.  Partial 

dedolomitization (<20% of the total amount of dolomite) is observed in logged sections south of the Seuil High 

such as at Siguenza and Embid de Ariza. Dedolomite in these sections has a coarse crystal size of up to 1 mm 

and is non luminescent under CL. Samples of dedolomite have isotopically lighter carbon and oxygen, and lower 

concentrations of iron than Type iii (a) dolomite (Figs 7 to 9).  Dedolomite is also observed at the top of individual 

parasequences within the middle to upper part of the UZA 2.4, which is sometimes associated with brecciation 

and karstification (Fig. 8). There is a clear, sharp unconformable contact between the dedolomite of UZA 2.4 and 

UZA 2.5T, with no dedolomitization observed in UZA2.5T,  

 

INTERPRETATION AND DISCUSSION 

Depositional setting 

Trough and herringbone cross-bedding within the sandstone at the base of UZA2.3 suggests shallow marine tidal 

conditions at the base of the studied interval.  The transition from to dolomitized microbial bindstone suggested 

a slight shallowing, and deposition of peritidal facies, but the abundance of miliolid foraminifera and 

dasycladacean algae within overlying beds indicates very shallow subtidal conditions were restored, marking the 

onset of growth of the carbonate platform in the Iberian Basin.  Where dolomitization is fabric retentive in 

UZA2.4, stacked, metre-thick successions of oolitic grainstone, skeletal (gastropod-rich) wackestone and 

microbial bindstone indicates very shallow water conditions remained across most of the platform during the 

middle Cenomanian.  The presence of gastropod-rich skeletal wackestone and microbial bindstone at the top of 

upward-shallowing successions, implies low energy intertidal sedimentation. Tepee structures and mud cracks 

indicate dessication during short-term emergence.  The high abundance, low diversity assemblage and presence 

of microbialites within these peritidal facies is consistent with restricted circulation and elevated salinities, 

although no gypsum was observed.  The increase in the volume of cleaner, grainier facies to south is consistent 

with moderate to high energy subtidal conditions, suggesting that the platform dipped to the south (Fig. 4).  

Truncation of the uppermost parasequences of UZA2.4 in the north, towards the Seuil High supports this 



interpretation.  Emergence is interpreted to have longer-lived at the top of UZA 2.4, where brecciation is more 

developed and rhizoliths are present. 

 

In the southern part of the Iberian Basin, skeletal and oolitic pack-wackestones and grainstones 

indicate that the platform was flooded at the base of UZA 2.5 with deposition under very shallow water marine 

conditions, passing into thin, supratidal facies (algal bindstones) to the south.  The northwards transition into 

skeletal wackestone with planktonic foraminifera and echinoid debris demonstrates that water depths increased 

northwards, indicating a change in polarity of the carbonate platform (Fig. 4).  This is consistent with plate 

reconstructions that indicate rotation of the Iberian microplate and associated tilting to the north-west (Floquet, 

1991; Van Wees et al., 1998).  Eventually, the entire succession, across the basin, becomes dominated by nodular 

skeletal wackestones with ammonites (Fig. 4), typifying open marine conditions.  In this context, the thin, black 

mudrock is interpreted to be the uppermost UZA 2.5T (i.e. MF3 on Fig. 4) coincident with the Cenomanian – 

Turonian boundary, and is thought to represent a condensed succession that was deposited during an Ocean 

Anoxic Event (OAE 2). 

The marked increase in grain size and skeletal abundance within the upper part of UZA 2.5R 

suggests that the carbonate platform rapidly became re-established.  In the south, the platform was dominated 

by rudists, and northward-dipping clinoforms indicate progradation of the platform as carbonate productivity 

increased.  The platform remained in shallow water to the south, and became locally emergent, but passed 

northwards into deeper water over tens of kilometres (Fig. 4). 

Dolomitizing fluid and temperature 

Dolomitization within the Cenomanian-Turonian of the Iberian Basin is stratabound, and occurs over a large area 

(> 100km x 100km; Fig. 2).  All dolomite types show planar textures and uniform, unit extinction suggesting that 

dolomitization occurred at temperatures below 50°C (Sibley and Gregg, 1987). Types i and ii dolomite are 

diffusely distributed within UZA 2.3, and are often confined to burrows. These phases were too scarce and 

diffusely distributed to be isolated for geochemical analysis and so it is not possible to constrain the composition 

of the fluid responsible for their formation.  However, their texture, crystallinity and luminescence are consistent 

with near-surface, low temperature formation and their occurrence within burrows suggests their formation 

was facilitated by organically-mediated processes during bioturbation (e.g. Gingras, 2004; Corlett and Jones, 

2012). 

Carbon isotopic data for Type iii, iv and v dolomite have mostly marine values (δ13C= -2.2 to 5.5‰ 

VPDB; Fig. 7) suggesting either dolomitization from seawater or rock-buffering of δ13C during dolomitization.  

There is a progressive enrichment in δ13C up-section from Type iii to Type iv to Type v dolomite reaching a 

maximum δ13C = +5.5%0 at the base of the UZA 2.5R (Fig. 8).   Carbon isotopic enrichment in diagenetic phases 



can be indicative of methanogenesis, which occurs at temperatures up to approximately 70oC (e.g. Raven and 

Dickson, 2006).  Since mudstones at the top of UZA 2.5T would have been within the methanogenic window 

(>55oC) during dolomitization of UZA 2.5R,  methanogenesis of organic matter could have been a source of 

enriched carbon.  However, it is unlikely that this layer would have supplied sufficient volumes of enriched 

carbon to alter the δ13C of the dolomitic limestone, particularly since carbon isotopic values only record fluid 

composition at very high fluid-rock ratios (e.g. Banner et al., 1988).  Instead, rock-buffering of carbon isotopic 

values is more likely, and hence the measured δ13C could reflect carbon isotopic enrichment in the precursor 

limestone.   An increase in the δ13C of pure, unaltered marine carbonate has been noted at a number of locations 

across the globe at the Cenomanian-Turonian boundary, as a result of oceanic acidification during OAE2 (e.g. 

Jenkyns, 2010; Korbar et al., 2012).   It has been suggested that the thin, dark, organic-rich mudstone that occurs 

beneath the Cenomanain - Turonian boundary is indicative of decreased carbonate productivity during oceanic 

acidification.  The increase in δ13C recorded at the base of UZA 2.5R in the southern part of the study area could 

therefore reflect preservation of isotopically enriched marine carbon in the precursor limestone.  

Holocene dolomite that has formed from seawater typically has Fe concentrations of 10 to 2000 

ppm and Mn concentrations of 5 to 275 ppm (Gregg et al., 1992; Montanez and Read, 1992a; Smith and Dorobek, 

1993). Type iii and iv dolomite generally have Fe and Mn within this range, although some are slightly enriched 

in Fe ( to > 4000 ppm; mean ~ 600 ppm; Fig. 9), implying that fluids were occasionally enriched in Fe and sub-

oxic to anoxic conditions were periodically developed (Fig. 7).  The average concentration of Sr within Type iii 

dolomite (88 ppm) is consistent with precipitation from seawater that has not reached gypsum saturation 

(estimated to be ~100 ppm by Gregg et al., 1992; Montanez and Read, 1992 a, b). Trace element data is therefore 

suggestive of dolomitization from seawater, although 87Sr/86Sr isotope ratios of Types iii and iv dolomite are 

enriched relative to Cenomanian seawater (Fig. 10).  The reasons for this are evaluated further below. 

If dolomitization took place from seawater, and using the fractionation factor of Matthews and Katz 

(1977), dolomitization at ~26°C is estimated for pristine Type iii dolomite (δ18Odolomite = -0.9‰ VPDB).  For Type 

iv, δ18Odolomite = -3.3 to -1.7‰ VPDB would equate to precipitation at 29.5 to 37oC.  Unaltered limestones of UZA 

2.5R and UZA 2.3 have δ18O that are consistent with other Cenomanian limestones (Scholle and Arthur, 1980; 

Bogoch et al., 1994) and using their measured δ18O, the calcite-water fractionation of Friedman and O’Neil 

(1977) and δ18Oseawater = -1‰ SMOW (Wilson et al., 2002; Voigt et al., 2004) a sea surface temperature of 27 to 

35°C is calculated.  This temperature range broadly agrees with that estimated from pristine rudist fragments 

from southern Spain (Steuber et al., 2005) and other estimates for this time (Sellwood and Valdes, 2006).  

Therefore, oxygen isotope data is also consistent with dolomitization from seawater. 

 

 



Palaeoclimatic controls on the dolomitization process 

Pervasive dolomitization from seawater on a carbonate platform can occur by temperature-controlled 

(geothermal) convection along the platform margin (e.g. Whitaker and Xiao, 2010) or along faults (e.g. Hollis et 

al., 2017), or by density-driven fluid flux of fluids downwards from brine pools located on the platform top (e.g. 

Whitaker et al., 2002; Garcia-Fresca et al., 2012).  In the absence of evidence for syn-depositional faulting or a 

marked break in slope on the platform, there seems little probability of geothermal convection occurring since 

there would not have been sufficient temperature differentiation on the platform margin to drive fluid 

circulation.  Furthermore, reactive transport modelling has shown that on platforms where geothermal 

convection does occur, density-driven reflux of seawater is a more efficient process that can dolomitize the 

sediment pile over a wide area (e.g. Al Helal et al., 2012).   

The stratabound architecture of dolostone, as observed in the Iberian Basin, can be achieved by the 

reflux of evaporated seawater from brine pools that form within the peritidal zone on the platform top, driven 

by the increased density of the brines compared to normal seawater (Whitaker et al., 2002; Jones and Xiao, 

2005; Al Helal et al., 2012).  The rate of dolomitization increases with increased salinity (Gabellone and Whitaker, 

2016), and therefore reflux dolomitization is commonly interpreted on platforms where there is evidence of 

syndepositional evaporite formation (see summary in Warren, 2000).  Within the northern part of the field area, 

in the UZA 2.4, sedimentological data suggests that conditions were restricted and potentially above normal 

salinity, although there is a marked absence of sulphates, which suggests that gypsum saturation was rarely 

reached. This is consistent with the presence of large, Cenomanian-aged fluvial systems on the Hesperian Massif, 

which imply a semi-arid or humid climate (Garcia-Hidalgo et al., 2007).  Easterly winds from the Atlantic Ocean, 

combined with elevated topography on the Hesperian Massif, could have created a rain shadow effect and a 

warm, dry climate in the centre of the basin (Rat, 1989).   It is also possible that small scale climatic changes 

resulted in rapid movement of climate zones, resulting in humid-arid climatic fluctuations. In this case, the rate 

of evaporation might have periodically increased, raising aridity levels locally.  

Overall, although it is possible that seawater within the Iberian Basin was more saline than normal 

seawater, and that brine pools formed within the peritidal zone, it is unlikely that they were hypersaline.  

Dolomitization by penesaline brines (72 to 199 ‰) has been interpreted in several studies (e.g. Qing et al., 2001; 

Bennitto and Mas, 2007; Iannace et al., 2011, 2013; Rott and Qing, 2013; Newport et al., 2017) and therefore it 

is possible that seawater was sufficiently saline to sink and reflux through the sediment pile.  Reactive transport 

models (RTM) demonstrate that it is possible to dolomitize large volumes of limestone by penesaline brines 

(Jones and Xiao, 2005; Al Helal et al., 2012; Gabellone and Whitaker, 2016), although multiple phases of fluid 

flux are required to cause pervasive dolomitization of the sediment stack (Garcia Fresca et al., 2009, 2012). 

During UZA 2.4 and 2.5T, numerous stacked, metre-scale, upward-shallowing subtidal to peritidal cycles are 

observed, indicating that there was an opportunity for frequent and multiple pulses of brine reflux. There is little 



evidence of intraformational aquicludes and therefore repeated flux of dolomitizing fluids could have formed 

dolostone bodies that coalesced to cause complete dolomitization of the platform (Figs 12 to 13). This process 

would have been facilitated by the migration of the brine pools during progradation of the platform, as proposed 

by Garcia-Fresca et al. (2012).  Given the fairly thin (~1 m thick) nature of each cycle, and formation of an 

effective intercrystalline, pore network, it is likely that each successive pulse of dolomitizing brine was able to 

sink further into the platform than the previous cycle.    

Type iii dolomite has 87Sr/86Sr that is more radiogenic than Cenomanian seawater, and the most 

radiogenic samples are also enriched in Fe (Figs 9 and 10).  Dolomite cement that resembles Type iii (c) is found 

within UZA 2.3 (Fig. 6D), suggesting that dolomite-saturated brines were transported within this formation. 

During migration, fluid interaction with clays within the sandstone would have enriched concentrations of 

radiogenic strontium and Fe within the brine, and this is reflected in the 87Sr/86Sr and Fe concentrations of the 

dolostone.  A similar relationship between a basal clastic aquifer and pervasive dolomitization of a carbonate 

platform was also noted by Newport et al. (2017), suggesting that the presence of an underlying sandstone 

facilitated the flux of dolomitizing brines.  

In UZA 2.5R, tidal flat facies are capped by karst and palaeosols, indicative of the persistence of a 

humid climate during the lowermost Turonian.   Type v dolomite, which replaces rudist shoal facies within UZA 

2.5R in the south-east of the basin, has 87Sr/86Sr values that are higher than Cenomanian-Turonian seawater, but 

which resemble Campanian-Maastrichtian seawater (~0.7079; Prokoph et al., 2008; Figure 9). Maastrichtian-

aged evaporites have been mapped in the Iberian Basin (Hevia and Floquet, 1982; Floquet, 1998) and if Type v 

dolomite formed from the downward-flux of these hypersaline brines, fractionation to lighter δ18O could have 

occurred as the seawater was heated.  Based on δ18Odolomite = -4.3 to -2.8‰ VPDB and a δ18Owater = -1‰ SMOW 

dolomitization is estimated to have occurred at 35 to 50°C.  If brines were hypersaline, then seawater would 

have been isotopically enriched and higher fluid temperatures (>50oC) are implied.  Since Upper Cretaceous 

sediments above UZA 2.5R are ~500 m thick (Floquet, 1998) a temperature of ~50°C could have been achieved 

with a geothermal gradient of 30°C/km and a sea surface temperature of ~35°C.  Type v dolomite is therefore 

interpreted to have formed during shallow burial, from downward-circulating hypersaline Maastrichtian brines. 

Tectonic controls on dolomitization 

Based on facies distribution and truncation of parasequences, the carbonate platform within the study area is 

interpreted to have dipped southwards from the  Seuil High during UZA 2.3 and 2.4 (Figs 1 and 4).  It would be 

expected, therefore, that refluxed dolomitizing fluids would have migrated basinwards, i.e. to the south, 

facilitated by progradation of the platform top. This is interpreted to have caused pervasive dolomitization of 

the UZA 2.4 within the Iberian Basin (Fig. 12).  During the lowermost Upper Cenomanian, the UZA 2.4 sequence 



boundary shows evidence of emergence (Garcia et al., 1993, Gimenez et al., 1993; Gil et al., 2004; this study) 

that would have reduced or terminated the supply of refluxing brines, at least on the Seuil High.   

Skeletal wackestones and oolitic grainstones of UZA 2.5T conformably overly the UZA 2.4 sequence 

boundary across much of the basin.  This is consistent with flooding of the basin as a marine connection was 

established between the Atlantic and Tethys Oceans (Alonso et al., 1993; Garcia-Hidalgo et al., 2007; Caus et al., 

2009).    At the same time, tectonic rearrangement of the Iberian Peninsula changed the Iberian Basin to a 

homoclinal ramp tilted from the south towards the north-west (Alonso et al., 1993; Garcia-Hidalgo et al., 2007; 

Caus et al., 2009).  Dolomitization within UZA 2.5T is pervasive in the south, becoming partially dolomitized and 

disappearing completely northwards of Embid de Ariza and Ventosa, suggesting that brine pools were 

established in the southern part of the basin and dolomitizing brines were fluxed northwards.  There was 

therefore a reversal of the direction of flow of dolomitizing fluids seen in the Middle Cenomanian. Northward 

progradation of the margin would have facilitated dolomitization through basinward migration of the brine pool 

across the platform top.  Enrichment of 87Sr/86Sr and Fe in Type iv dolomite is also evident (Fig. 10), which could 

also have occurred by fluid flux via laterally equivalent or underlying sandstones with abundant clays on the 

Hesperian Massif (Garcia-Hidalgo et al., 2007).   

Although carbonate platform growth kept pace with sea-level for much of the Upper Cenomanian, 

eventually, sea-level rise and global environmental change led to drowning.  Across most of the basin, the 

uppermost Cenomanian succession comprises deep water limestone facies, although dolomitization around the 

Conredondo to Abenades section in the far south has obscured the stratigraphy in all but the lower part of 

UZA2.5 (Fig. 12).  The dominance of deep water limestone within the basin indicates that the flux of dolomitizing 

brines was largely switched off (Fig. 13) until shallow water, normal marine conditions were restored, in the 

lowermost Turonian.  Shelf edge rudist shoals within UZA 2.5R were then established and prograded northwards 

during the Lower and Middle Turonian.  This basinward shift in facies led to a fully upward- shallowing succession 

from rudist shoals to tidal flat sediments. As these tidal flats developed, it is possible that the flux of dolomitizing 

fluids was re-initiated, although it is also likely that dolomitization of this succession occurred by a deeper flux 

of hypersaline brines in the Maastrichtian, as discussed above (Fig. 13). 

Post-dolomitization diagenetic modification and timing of dolomitization 

There is extensive dedolomitization within the upper UZA 2.4 on the Seuil High.  On the eastern side of the 

Iberian Basin, beneath the top of UZA 2.4, there is an upward decrease in δ18Odolomite and δ13C are more depleted 

than on the west side of the basin (Fig. 8).  Dedolomitization has locally occurred at the top of individual 

parasequences, and is most pervasive in the upper 5 m of UZA 2.4 (Fig. 8).  Here, there is a decrease in 

stoichiometry, increase in Ca concentration, decrease in Fe concentration and decrease in δ18Odolomite (Figs 8 to 

9).   



The top of UZA 2.4 is a third order sequence boundary that exhibits evidence of sub-aerial exposure.  

If dolomitization was complete by the end of UZA 2.4, then ingress of meteoric water could have recrystallized 

and calcitized the dolomite, resetting isotopic values and removing Fe.  A slight increase in Mn concentration 

within the dedolomitized samples, compared to Type iii dolomite, suggests that Eh periodically become low 

enough to reduce Mn, perhaps by stagnation of groundwater in the meteoric phreatic zone (e.g. Muchez et al., 

1998). Dedolomitization was most pervasive on the Seuil High as it was emergent for longer, but also occurred 

locally throughout the Iberian Basin.   The limitation of recrystallized, geochemically modified dolomite to the 

upper 5 m of the UZA 2.4, and occasionally parasequence tops lower in the succession, suggests that insufficient 

time was available for complete stabilization of the uppermost dolomite prior to platform emergence.  This 

would have made these facies more susceptible to dedolomitization, in particular if groundwater only 

penetrated to a shallow depth beneath the sequence boundary.  Calcite cements that occlude porosity in 

dedolomite and dolomitized limestone have depleted isotopic signatures, consistent with precipitation from 

meteoric water.  Their non-luminescence reflects a low concentration of both Mn and Fe, which is also typical 

of groundwater. 

The observation that calcitization occurs at this sequence boundary demonstrates that 

dolomitization was complete, and dedolomitization underway, prior to the onset of deposition within UZA 2.5T.  

UZA 2.4 lasted approximately 1 million years (Gil et al., 2004), suggesting that dolomitization of the entire UZ2.4 

cycle took place in <1 million years.  UZA 2.4 comprises approximately 10 upward-shallowing, metre-scale cycles, 

giving a depositional period of ~100 kyr per cycle.  Garcia-Fresca et al. (2009) showed that over 100 m of 

sediment can be pervasively dolomitized in 2.5kyr based on 5 pulses of penesaline brine through a peritidal 

succession, assuming a reflux time of 500 years at the top of each cycle; a reflux period of 250 years caused 

incomplete dolomitization even with multiple pulses of fluids. Given the length of time available in the Iberian 

Basin to dolomitize a section that is <20 m thick, this suggests that there was ample time available, and suitable 

fluid chemistry, during UZA 2.4 to pervasively dolomitize the entire succession.  

Changes in dolomite texture 

The distribution of dolomite petrotypes in the Iberian Basin is closely tied to the stratigraphic architecture of the 

platform.  In particular, there is an upward change from distributed, finely crystalline, dolomite crystals with 

mottled luminescence (Types i and ii) in UZA 2.3 to pervasive, weakly fabric destructive, finely crystalline Type 

iii dolomite with a mottled luminescence in UZA 2.4.  This is succeeded by more coarsely crystalline, zoned, fabric 

destructive Type iv dolomite in UZA 2.5T.  UZA 2.5R is replaced by very coarsely crystalline, fabric destructive 

Type v dolomite on the east side of the basin.   

These textural changes could occur because there was a change in the volume or dolomitizing 

potential of the fluid from the base to the top of the UZA megacycle or they could reflect a change in the texture 



of the precursor limestone.  Dolomitization in UZA 2.4 is fabric retentive in outcrop, although it is fabric 

destructive in thin section, suggesting there was rapid nucleation of dolomite which favoured the growth of 

small crystals.  Both high reactive surface area and the presence of seed dolomite can be critical to ensuring 

pervasive, platform-scale dolomitization (Al-Helal et al., 2012; Gabellone and Whitaker, 2016), and 

dolomitization of UZA 2.4 could have been facilitated by its fine grained rock texture and fabric and the presence 

of precursor dolomite or very high magnesium calcite.  In comparison, the coarser crystal size and more fabric 

destructive texture of Type iv and Type v dolomite, could reflect higher rates of growth than nucleation, due to 

a lower saturation states of the dolomitising fluid or a decrease in the reactive surface area of the precursor 

limestone.  In UZA 2.5T, this could result from a return to normal seawater salinity during relative sea-level rise.  

In UZA 2.5R, the dominance of rudist facies would have reduced the reactive surface area of the formation. 

There is not complete conformance of petrotypes to stratigraphic boundaries, however. For 

example, Type iv dolomite dominates the entire UZA 2.5T on the west side of the basin, obscuring depositional 

facies, and potentially the Cenomanian-Turonian contact, and extending beneath the UZA2.4 sequence 

boundary in the far south of the study area (Llumens).  Similarly Type iii dolomite is not just restricted to UZA 

2.4, but has been recorded within the basal UZA 2.5T on the west side of the basin (Fig. 12).  Experimental data 

shows that an intrinsic part of the dolomitization process is a step-wise recrystallization from very high 

magnesium calcite (VHMC) to calcian dolomite and then stoichiometric dolomite (Gregg et al., 2015). Therefore, 

when VHMC forms within shallow water carbonate sediments, it can act as a seed for subsequent dolomite 

growth (Machel, 2004).  An alternative interpretation for the up-section change in dolomite texture, therefore 

is that Type i dolomite was the first phase of dolomite to form within burrows in shallow water subtidal facies, 

and that it was replaced by Type iii dolomite as peritidal facies became established and brine reflux was initiated 

during UZA 2.4.  Type i dolomite might therefore only be preserved within UZA 2.3 because dolomitizing brines, 

that led to recrystallization to Type iii dolomite, sank beneath the basal UZA 2.4 or had lost their dolomitizing 

potential.  This would also explain the presence of Type i and ii dolomite at the base of the UZA 2.4, above the 

UZA2.3 sequence boundary, at Ciria.   

Similarly, Type iii dolomite could have been recrystallized to Type iv dolomite, from fluids that 

fluxed downwards during UZA 2.5T, in the upper Cenomanian.  On the east side of the platform, the occurrence 

of Type v dolomite could then reflect a final, localized dolomitization event from hypersaline brines, which 

almost completely obscured rock fabric.  Since recrystallization would have resulted in a progressive increase in 

crystal size, porosity would have been sequentially reduced and successive phases of dolomitizing fluids would 

have been inhibited from flowing deeper into the platform.  This would have restricted recrystallization by Type 

v dolomite to the Turonian, particularly since the underlying uppermost Cenomanian mudstone would have 

acted as an aquiclude.  Similarly, Type iv dolomite is largely restricted to UZA 2.5T, and only in the most proximal 

part of the platform does it extend into UZA 2.4 (at Llumens; Fig. 12).    In this case the change in dolomite 



texture up-section is effectively a fossilized dolomitization reaction front, whereby the earliest phases of 

dolomitization are only preserved in the oldest strata because changes in pore structure during successive 

phases of dolomitization, as well as thickening of the sediment pile with ongoing carbonate platform growth, 

prevent recrystallization by reflux of younger dolomitizing brines.   

 

CONCLUSIONS AND IMPLICATIONS 

Based on petrographical, field and geochemical data of dolomitized strata in the Iberian Basin, the following 

conclusions can be drawn:  

 Dolomitization of Cenomanian platform limestones of the Iberian Basin took place from penesaline, 

penecontemporaneous brines during the Middle and Upper Cenomanian.  Dolomitization of Turonian 

sediments apparently occurred from younger (Campanian-Maastrichtian), hypersaline seawater during 

shallow burial (< 500 m).   

 Dolomitization appears to have been initiated in burrows within subtidal facies, with localized, finely 

crystalline Type (i) replacive dolomite and Type ii dolomite cement.  Dolomitization is most pervasive 

within UZA 2.4, which is pervasively replaced by finely crystalline Type iii dolomite.  It is interpreted to 

have formed from seawater that refluxed from brine pools formed within peritidal facies, during < 100 

ky depositional cycles.  It is likely that dolomitization was facilitated by the fine grain size of the sediment 

and nucleation upon precursor Type i dolomite within burrows.   An underlying clastic succession 

potentially acted as an aquifer, permitting flux of dolomitizing fluids further into the basin.  

 Dolomitization of UZA 2.4 was complete in < 1 My.  At the top of the formation, infiltration of meteoric 

water during platform emergence led to localized recrystallization and resetting of geochemical 

fingerprints within the top few metres of the formation, evidenced by depleted 18O and Fe 

concentrations, prior to UZA 2.5.   

 Reorganization of microplates during the middle Cenomanian led to a reversal of ramp polarity, and 

hence the direction of fluid flow of refluxing brines changed from north to south to south to north, so 

that that changes in the arrangement of the basin topography had a major effect on the hydrology of 

the basin.  

 Dolomitization was terminated across most of the platform by relative sea-level rise and oceanic 

acidification in the late Cenomanian.  With a fall in relative sea-level in the Turonian, a rudist-dominated, 

shallow marine carbonate platform was established.  It prograded from south to north and is pervasively 

dolomitized by hypersaline, Maastrichtian brines.   Enriched 13C within the basal UZA 2.5R suggests that 

isotopic evidence of global changes in seawater chemistry might be preserved within sediments that 

have subsequently been dolomitized. 



 There is an up-section increase in dolomite crystal size that might reflect differences in the reactive 

surface area and, potentially, the potency of the dolomitizing fluid, between stratigraphic layers.  

However, the incomplete stratigraphic conformance of dolomite petrotypes also suggests that the 

change in crystallinity could reflect recrystallization to coarser, stable dolomite during successive fluxes 

of dolomitizing brine, such that the Types i to v dolomite effectively preserve the paragenetic evolution 

of dolomitization on the Iberian Platform.  
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Figure Captions 

Fig. 1. Palaeogeographical map of the Iberian Peninsula during the middle Cenomanian. Adapted from Torices 

et al. (2012) with wind direction taken from Poulsen et al, (1998) showing field area (dotted red square) that is 

presented in detail in Fig. 2. Dashed black line represents outline of modern day Spanish and French coastline. 

Fig. 2. Location map showing the location of the field area in Spain and location of logged sections in the field 

area, with dashed white lines marking correlations shown in Fig. 4 (eastern section = Fig. 4A; western section = 

Fig. 4B). The map also shows the location of Hesperian Massif and Seuil High (Floquet, 1991). 

Fig. 3 Stratigraphic columns showing the formations of the Upper Albian to lower Turonian of the northern part 

of the Iberian Basin based on Segura et  al. (1993). Formation names and dating of cycles based on data from Gil 

et al. (2004). Lithology based on this study. 



Fig. 4. Sedimentological cross sections across the Iberian Basin. (A) Eastern cross section, and (B) western cross 

section as shown in Fig 2. The Cenomanian–Turonian boundary (top UZA 2.5R) is observed in the eastern section, 

but not in the western section (not exposed) 

Fig. 5 .Photomicrographs showing (A) plane polarized light (PPL) photomicrograph of type (i) dolomite and (B) 

detail of box shown in (A). (C) PPL image showing planar-p dolomite within a micrite matrix and (D) same image 

as in (C) but taken under CL. (E) PPL image showing dolomite cement type (ii) partially filling vuggy porosity (red 

outline). (F) Type (ii) cement (white outline) filling a mouldic pore (red outline) under CL 

Fig. 6. Photomicrographs showing (A) type (iii a) dolomite under PPL. (B) Same image as in (A) but taken under 

CL. (C) Type (iii b) replacive dolomite overprinting finer crystalline dolomite showing rare cloudy core, clear rim 

morphology and (D) type (iii c) dolomite. (E) shows same image as (D) but taken under CL. Abbreviations: cc – 

calcite cement, dc – dolomite cement and dr – dolomite replacement 

Fig. 7. Carbon and oxygen isotope cross plot showing the isotopic signature for dolomite petrotypes within the 

Iberian Range. Black box represents marine limestone signature based on isotopic analysis from lateral 

equivalent strata. Black box marks approximate isotopic range of marine calcite; grey box represents marine 

dolomite signature based on a +3.00‰ enrichment compared to penecontemporaneous limestone (Budd, 1997) 

Fig. 8. Depth plots showing the change in (A)average crystal size, (B) percent calcite (C) carbon isotope ratios (D) 

oxygen isotope ratios and (E) concentration of iron within Cenomanian-Turonian strata of the Iberian Basin. 

Plots are datumed to top UZA2.4. The pale grey horizontal band within UZA2.5 marks the interpreted position 

of OAE2. 

Fig. 9. (A) δ18O and Fe concentration for type (iii) dolomite and (B) Ca and 18O. based on location within the 

basin. 

Fig. 10 Covariance plots showing the change in (A) δ18O, (B) Sr concentration, (C) Fe concentration and (D) Mn 

concentration, (against 87Sr/86Sr isotope ratios for all dolomite types.  Blue shading shows approximate range of 

87Sr/86Srseawater from Cenomanian- Turonian (~0.7075) to  Maastrichtian seawater (~ 0.7079) (from Prokoph et 

al., 2008).   

Fig. 11. Type iv (a) dolomite showing cloudy core, clear rim morphology under (A) PPL and (B) cross polarized 

light (XPL).  Type (v) dolomite under (C) PPL and (D) CL.  Abbreviations: cc – meteoric calcite cement, dr – 

dolomite replacement.  

Fig. 12 Distribution of dolomite in cross section across the Iberian Basin; (A) western cross section, and (B) 

eastern cross section as shown in Fig. 2. The Cenomanian–Turonian boundary (top UZA 2.5R) is observed in the 

eastern section, but not in the western section (not exposed) 

 



Fig. 13 Conceptual model showing dolomitization during the Cenomanian and Turonian. Map and cross section 

on right hand side of figure refers to palaegeographical arrangement of the Iberian Peninsula during the Upper 

Cretaceous. Palaeogeographical maps adapted from Alonso et al., (1993). (A) Formation of brine pools on the 

platform top within the northern Iberian Basin fluxed southwards during the middle Cenomanian.  Dolomite 

nucleated upon Type (i) and (ii) dolomite within subtidal facies.  The underlying sandstones of the UZA2.2 (Lower 

Cenomanian) potentially facilitated the basinward flux of brines. Following platform emergence (B), plate 

reorganization led to flooding of the basin and a northward-dipping ramp was established (C) abd dolomitizing 

brines fluxed northwards from peritidal brine pools in the south of the study area in the Upper Cenomanian. (D) 

sea-level rise and ocean acidification reduced carbonate productivity and an increase in water depth cut off the 

supply of dolomitizing fluids. (E) An increase in carbonate productivity and a re-established shallow water 

carbonate platform meant dolomitization from northwards-fluxing brines was initiated again in the Turonian (F), 

dolomitization potentially continued during the Campanian to Maastrichtian, when dense saline brine pools 

were established during desiccation and precipitation of evaporites. 

Table 1. GPS co-ordinates for logged sections 

Table 2. Petrographical properties of dolomite petrotypes 

Table 3. Summary of geochemical properties of dolomite petrotypes. Note types (i) and (ii) could not be sampled. 
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