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ABSTRACT

The Campo Coy basin contains an important evaporite suc-
cession, up to 350 meters thick of gypsum, including two gypsum 
units: lower and upper gypsum units. These are characterized by 
fine-grain laminated and selenitic primary gypsums and by nodu-
lar-laminated and meganodular secondary gypsums. The geoche-
mical study based on sulfate isotope compositions (δ34S and δ18O) 
and strontium isotope ratios (87Sr/86Sr) point to the chemical recy-
cling of Triassic marine evaporites. Isotope compositions (δ18O and 
δD) of the hydration water of gypsum point to continental waters 
for primary gypsum precipitation. These results are consistent with a 
shallow lacustrine environment for the Campo Coy gypsum deposit.
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RESUMEN

La cuenca de Campo Coy registra una sucesión evaporítica de 
más de 350 metros de potencia de yeso, dividida en dos unidades 
de yesos: unidad inferior y unidad superior. Estas unidades están 
formadas por litofacies de yeso primario laminado y yeso selenítico 
junto con litofacies de yeso secundario laminado-nodular y mega-
nodular. El estudio geoquímico de la composición isotópica del sul-
fato (δ34S y δ18O) y de la relación isotópica del estroncio (87Sr/86Sr) 
muestra valores indicativos del reciclaje de evaporitas marinas triá-
sicas. Los valores isotópicos del agua de hidratación del yeso (δ18O y 
δD) indican aguas de origen continental para el yeso primario. Estos 
resultados reflejan un ambiente lacustre somero durante la forma-
ción del depósito evaporítico de Campo Coy.
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Introduction

The Neogene plate convergence 
between Iberia and Africa produced the 
uplift of the Rif and Betic ranges and 
the narrowing and partial closure of the 
Atlantic – Mediterranean gateways. Du-
ring the early-middle Tortonian, these 
connections between the Mediterranean 
and the Atlantic occurred by the North 
Betic and Rif seaways, both correspon-
ding to the foreland basins of the Betic 
and Rif ranges, respectively. 

In the late Tortonian, the progressive 
Betic uplift and the closure of the Atlan-
tic-Mediterranean connections resulted 
in several interconnected marine basins 
that were restricted and isolated at the 
end of the Tortonian and during the Mes-
sinian.

Depending on their palaeogeogra-
phic position with regard to the present 
Mediterranean coast, two main types 
of Mediterranean-linked basins (in the 
sense of Braga et al., 2003) are distingui-
shed: the “marginal basins” near the pre-
sent-day Mediterranean sea, and the “in-
ner basins” distant from the present-day 
Mediterranean coast. The “marginal ba-

sins”, such as Sorbas, Níjar and Bajo Se-
gura, hosted marine evaporite deposits 
assigned to the Messinian Salinity Crisis 
(e.g., Rouchy, 1982; Riding et al., 1998, 
Rouchy and Caruso, 2006, García-Veigas 
et al., 2018). In the “inner basins”, whose 
positions is currently more inland, the 

evaporitic formations were formed du-
ring late Tortonian and early Messinian 
ages in continental or transitional condi-
tions, from marine to continental, as oc-
curs in the basins of Granada, Lorca and 
Fortuna (Playà et al., 2000; García-Veigas 
et al., 2013, 2019).
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Fig. 1.- Geological map of the Campo Coy basin with location of the studied sections.
Fig. 1. Mapa geológico de la cuenca de Campo Coy con la localización de las secciones estudia-
das.
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isotope ratios (87Sr/86Sr) and the isotopic 
composition of the hydration water of 
gypsum (δ18O and δD) have been carried 
out with the aim of recognizing the chem-
ical evolution of the evaporitic environ-
ment and the water source in the Campo 
Coy basin during gypsum deposition.

Sample material and methods

Four stratigraphic sections have been 
logged and sampled in the Campo Coy 
basin (Fig. 1). Mineralogical and textural 
identification of 25 hand samples and 
thin sections of gypsum and carbonates 
has been carried out using petrographic 
and electronic (ESEM-EDS) microscopes. 
The micropaleontological identification 
has been based on more representative 
and abundant species taken from mar-
ly sediments. Each sample was washed 
over a 170µm sieve and the residue was 
directly studied under electronic (ESEM) 
microscope.

Sulfur and oxygen isotope composi-
tions (δ34SCDT and δ18OSMOW) of 31 gypsum 
samples have been determined at the 
CCiTUB (Barcelona, Spain). Isotope de-
terminations have been performed with 
a Thermo Finigan Delta Plus XP Spectro-
meter. The analytical error (2σ) is ± 0.3 ‰ 
for both δ34S and δ18O. Values obtained 
for the international standard NBS-127 
are δ34S: 20.3 ± 0.1 ‰, and δ18O: 9.3 ± 0.2 
‰ respectively.

Strontium isotope ratios (87Sr/86Sr) of 
gypsum samples (n=5) have been mea-
sured in the CSIRO (North-Ryde, Austra-
lia) on a VG 354 TIMS with a long-term 
analytical precision of ± 0.000014 mea-
sured on NBS-987 (87Sr/86Sr: 0.710235 ± 
0.000014). 87Sr/86Sr ratios have been nor-
malized to 86Sr/88Sr = 0.1194.

Gypsum samples (n=16) were also 
analyzed for δ18O and δD of hydration 
water of gypsum at the CCiTUB (Barce-
lona, Spain). The results are reported as 
δ18O and δD with an analytical precision 
of ~0.1‰ and ~0.8‰ respectively.

Stratigraphy and sedimentary facies

In the Miocene filling of the Campo 
Coy basin, detrital marls and evaporites 
are the predominant facies. From the 
analysis of these lithofacies, five units are 
distinguished (Fig. 2): basal detrital unit, 
lower gypsum unit, intermediate detrital 
unit, upper gypsum unit and upper de-
trital unit.

wide, located between the Lorca and Ca-
ravaca villages (Murcia). The basement is 
made up of allochthonous rocks from the 
Subbetic domain. The evaporite succes-
sion is limited to the north by Pliocene 
deposits and to the south by Triassic ma-
terials (Fig. 1).

The studied gypsum deposit of the 
Campo Coy basin includes two gypsum 
units: a lower unit, 100 meters thick, and 
an upper unit, up to 250 meters thick, 
both separated by detrital sediments. 
Geochemical analyses of sulfate isotope 
compositions (δ34S and δ18O), strontium 

The present study is focused on the 
stratigraphy, petrology and geochemistry 
of the evaporite succession of the Campo 
Coy basin, one of the most internal Neo-
gene Betic basins. The aim is to unders-
tand the origin of this evaporite succes-
sion and to characterize the sedimentary 
environment where evaporites formed.

Geological setting and studied 
material

The Campo Coy basin is a long, rec-
tangular basin, ~8 km long and ~2 km 

Fig. 2.- General stratigraphic section of the Campo Coy basin. Five units are differentiated 
in this section based on lithology and sedimentary features.
Fig. 2.- Columna estratigráfica general de la cuenca de Campo Coy. Se han diferenciado cinco 
unidades en función de la litología y las características sedimentarias.
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Sulfur isotope compositions of the 
Campo Coy gypsum show very homo-
genous values ranging between +13.8‰ 
and +15.6‰. Oxygen isotope compo-
sitions also show quite homogeneous 
values with variations from +13.8‰ to 
+18.7‰. These values do not match with 
expected values for late Miocene marine 
evaporites. Comparing these data with 
published isotopic ranges from Triassic 
marine evaporites in the Betics (12‰-
17‰ for δ34S, and 8‰-18‰ for δ18O at 
Ortí et al., 2014), we interpret that the 
source of the dissolved sulfate in the Cam-
po Coy gypsum precipitating waters is the 
recycling of Triassic evaporites (Fig. 4).

The strontium isotope ratios (87Sr/86Sr) 
of the lower and the upper gypsum units 
range between 0.707788 and 0.707888, 
far from expected for late Miocene ma-
rine deposits. These values fall within 
the range of Triassic marine evaporites. 
In agreement with the sulfate isotope 
compositions, the strontium isotope 
ratios (87Sr/86Sr) of the Campo Coy gyp-
sum point to the contribution of recycled 
strontium from marine Triassic rocks in 
the Betic range.

During precipitation, the hydration 
water of gypsum is enriched in the heavi-
est oxygen isotope (18O) and depleted in 
deuterium (2H) with respect to the parent 
waters. Fractionation factors of 1.004 and 
0.981, for oxygen and deuterium respec-
tively (Gázquez et al., 2017), have been 
used to recognize the isotopic compo-
sitions of the parent waters. Following 
corrections, the calculated δ18O of parent 
waters for primary gypsum ranges from 
0.1‰ to 3.3‰, and from -7.5‰ to -4.4‰ 
for secondary gypsum. The calculated δD 
values of parent waters for primary gyp-
sum range between -1.7‰ and -12.9‰, 
and between -28.3‰ and -40.0‰ for 
secondary gypsum. The δ18O – δD dia-
gram (Fig. 5) shows that the isotopic val-
ues of the hydration waters for primary 
gypsum and their predicted parent waters 
correspond with a non-marine paleolake 
environment whereas the isotopic signa-
ture of secondary gypsum agrees with the 
present-day meteoric water trend report-
ed in the eastern Betics.

Discussion

The lack of in situ biomarkers within 
the detrital units below and between 
the Campo Coy evaporites does not 
allow us to assign a specific age for this 

nodular gypsum also occur towards the 
top of the unit.

The upper gypsum unit contains ei-
ght evaporite levels (~15 meters thick 
each one) separated by laminated marls 
(~3 meters thick). The first three levels 
are the most complete and consist of pri-
mary and secondary gypsum beds. Pri-
mary gypsum dominates at the base of 
the lower gypsum levels and shows three 
main lithofacies: fine-grained laminated 
gypsum, selenite gypsum with gypsum 
crystals reaching up to 5cm in length, and 
cumulated gypsum. The upper evapori-
te levels are poorly exposed and mainly 
composed of nodular-laminated (Fig. 3D) 
and meganodular secondary gypsum.

Geochemistry of gypsum

Sulfate isotope compositions (δ34S 
and δ18O) for late Miocene marine eva-
porites are close to 22‰ and 12‰ res-
pectively (Claypool et al., 1980; Paytan 
et al., 1998; Turchyn and Schrag, 2004; 
Kampschulte and Strauss, 2004; Gar-
cía-Veigas et al, 2018). 87Sr/86Sr isotope 
ratios between 0.708800 and 0.709100 
should be expected for late Miocene ma-
rine evaporites (Veizer et al., 1999; Korte 
et al., 2003, and others).

Detrital units consist of grey marls 
with several conglomerate and sands-
tone bars interbedded. In these detrital 
units, abundant in situ ostracod shells 
(Fig. 3A), charophytes oogonia and va-
riable reworked planktonic foraminifera 
have been identified. The foraminife-
ra content is predominantly formed by 
Globorotalia scitula group, Globlorotalia 
menardii group and Neogloboquadrina 
spp. (sinistral and dextral forms) (Fig. 3B), 
among others. A similar fauna has been 
described in the Lorca basin and assig-
ned to a late Tortonian age (Corbí et al., 
2012). According to these data, the sour-
ce of these reworked foraminifera could 
correspond to the eroded late Tortonian 
materials from surrounding areas. The 
upper part of the upper detrital unit gra-
des to marls and limestones with some 
lignite levels rich in gastropods and co-
rresponds to the latest Miocene lacustri-
ne materials (Bruijn et al., 1975). Pliocene 
materials are overlying the described 
Campo Coy succession.

The lower gypsum unit consists of 
primary gypsum beds, ranging from 
few millimeters to few centimeters thick, 
composed of fine-grained laminated and 
selenite gypsum lithofacies (Fig 3C). Se-
lenite crystals are up to 5 cm long. Some 
levels of secondary macrocrystalline and 

Fig. 3- A) Petrographic image of cumulated lenticular crystals and ostracods shells su-
rrounded by micritic matrix. B) SEM image of Neogloboquadrina spp. sinistral. C) Selenite 
gypsum lithofacies from the upper gypsum unit. D) Nodular-laminated gypsum lithofacies 
from the upper gypsum unit.
Fig. 3. A) Imagen petrográfica de cristales lenticulares de yeso junto con ostrácodos dentro de 
una matriz micrítica. B) Neogloboquadrina spp. sinistra (imagen de SEM). C) yeso selenítico de la 
unidad de yesos superior. D) Litofacies de yeso nodular-laminado de la unidad de yesos superior.
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Conclusions

The gypsum units of Campo Coy 
precipitated in a shallow lacustrine envi-
ronment. Variations in the water balance 
of the basin controlled the type of de-
posited sediments. Periods with higher 
runoff lead to the deposition of detrital 
sediments while gypsum precipitation 
took place during drier periods with less 
continental water input. 

Although the age of the evaporitic 
sedimentation is still unclear, it could be 
assigned to the late Tortonian - Messi-
nian. 
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Fig. 4.- Sulfate isotope composition of the 
lower and upper gypsum units. The shad-
ed area of Triassic values is taken from Ortí 
et al. (2014). See the text for references to 
isotopic data.
Fig. 4. Composición isotópica del sulfato de 
las unidades de yeso inferior y superior. El 
área correspondiente a los valores isotópicos 
de sulfatos triásicos se ha tomado de Ortí et 
al. (2014). Ver el texto para las referencias de 
datos isotópicos.

Fig. 5.- Diagram of δ18O and δD of hydration water from Campo Coy primary gypsum (filled 
yellow circles) and secondary gypsum (filled green circles) after correction for fraction-
ation factor; the rain water (dashes) data are taken from REVIP of Spanish Government.
Fig. 5. Diagrama δ18O and δD del agua de hidratación del yeso primario (círculos amarillos rel-
lenos) y yeso secundario (círculos verdes rellenos) después de aplicar los factores de corrección 
de fraccionamiento isotópico; los valores de agua de lluvia (segmentos) han sido tomados de 
REVIP, Gobierno de España.
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