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1. Geological setting and cave description 

Sima Blanca cave (37o07´36´´N; 2º03´21´´E) is located in the north-eastern 

sector of the gypsum karst of Sorbas (Almeria, SE Spain), a karstified 120-m thick 

sedimentary sequence of Messinian age (Yesares Member), consisting of 

alternating gypsum and carbonate marl (Dronkert, 1978; Evans et al., 2015). The 
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main passage of the cave (Maravillas Chamber) is ~15 m long and ~1.5 m high 

and developed in the uppermost marl stratum of the series, sandwiched between 

two gypsum strata ~10 m tick. The access to the cave is through a ca. 10 m deep 

shaft generated by dissolution of the upper gypsum stratum. The lower gypsum 

bed displays two vertical shafts, ca. 10 m in depth, with no man-size connection 

to deeper cave levels, unlike other cave systems in the karst of Sorbas (Gázquez 

et al., 2016; 2017a). The cave ceiling displays whitish gypsum speleothems, 

mostly stalactites and coralloids, whereas no stalagmites can be found on the 

cave floor. The cave lacks any permanent watercourse; drip points are scarce 

and generally inactive most of the year. 

 

Supplementary Figure 1. Location of Sima Blanca Cave: A. Overview of the gypsum karst of 

Sorbas; B. Gypsum stalagmites in Sima Blanca Cave, C. Gypsum speleothem in Covadura Cave; 

D. Profile of Sima Blanca Cave.  

 

 

Air circulation inside the Sorbas karstic network is complex and driven by thermal 

disequilibrium between surface and in-cave air, as observed in previous studies 

on the Covadura Cave System, 2 km apart from Sima Blanca and the same depth 

(~10 m). The mean annual temperature in the shallower galleries in the gypsum 

karst of Sorbas is 15.1±2.5ºC (Gázquez et al., 2017a) and relative humidity shows 



a seasonal pattern, with relatively constant values close to 100% between May 

and December and lower and more variable between January and April (91±5%). 

The relative humidity values in these caves can be as low as ~65% during several 

consecutive days in winter (December to February) (Gázquez et al., 2017a).  

 

The regional climate is semi-arid, with mean annual temperature of 18ºC (mean 

minimum of 11ºC in January and mean maximum of 30ºC in July) and a mean 

annual rainfall of 210 mm (minimum monthly mean in July and maximum in 

November). The mean annual relative humidity outside is 68±19% and 

occasionally can be <30% (Gázquez et al., 2017a). Some 80% annual rain falls 

during low-frequency rainstorm events, usually in the autumn (Esteban-Parra et 

al., 1998). This climate pattern is typical of the Mediterranean coast of the Iberian 

Peninsula, which is periodically affected by Isolated Depression at High Level 

(IDHL) systems (Milán et al., 1995). The estimated annual potential 

evapotranspiration for Sorbas is 1190 mm yr-1 (John and Harris, 2011), nearly 

five times the mean annual precipitation.  

 

2. Stalactite inner structure  

 

 

Supplementary Figure 2. Cross-section of the SBL stalactite at 9 cm from the top. The 

sampling positions for U-Th sample (i.e. SBL-09) and gypsum hydration water (GHW) sample 

(i.e. SBL-02B) are indicated. Note that the inner orifice of the stalactite is filled with gypsum that 

is interpreted as being post-depositional and was avoided for sampling.  

 



 

 

3. U/Th dating results 

 

 

Supplementary Table 1. U-Th results and calculated ages of the SBL stalactite. “years BP” 

where BP is 1950 CE. We use a mathematical correction in which the U-Th isotopic composition 

of the detrital contamination is arbitrary estimated, in a manner resembling the approach by 

Ludwig and Paces (2002). 232Th used as index for the correction and assumed a typical crustal 

Th/U ratio of 3.5 [atomic ratio], with 234U/238U and 230Th/238U activity ratios near secular equilibrium. 

In our model, we specifically used the initial activities ratios 232Th/238U=1.21 ± 50%, 234U/238U=1 ± 

10% and 230Th/238U=1 ± 10%. BQL: Below quantification limits.  

 

Supplementary Figure 3. Plot of age vs. distance from the ceiling of SBL gypsum stalactite. The 

COPRA-based age-depth model is anchored by four U-Th ages and indicates a near linear growth 

rate of 0.42 mm/year.       

Sample 
Distance 

(cm) 

Weight 

(g) 

238U 

(ppb)a ±2 

232Th 

(ppt) ±2 

230Th/232Th 

±2 

234U/238U 

±2 

230Th/238U 

±2 

230Th Age 

uncorrected 

(years) ±2 

230Th Age 

Corrected 

(years) ±2 

SBL-00 1.5±0.5 3.5 93.9±0.4 673±4 11.1±1.2 0.998±0.006 0.026±0.003 2865±313 2663±334 

SBL-09 9±0.5 3.2 145.3±3.2 791±4 14±0.7 1.017±0.010 0.025±0.001 2756±145 2601±169 

SBL-33 33±1.5 9.1 178±0.7 BQL - 1.056±0.009 - - - 

SBL-46 46±1.5 10.1 150±0.7 1201±5 6.6±0.2 1.029±0.011 0.017±0.000 1842±55 1585±136 

SBL-61 61±0.5 3.4 131±0.4 1065±6 5.1±0.2 0.999±0.007 0.014±0.007 1489±66 1248±149 



Sample 
Distance 
from the 
top (cm) 

Age 
(years BP) 

17Oghw 

(‰) 

18Oghw 

(‰) 

Dghw 

(‰) 

17ODW 

(‰) 

18ODW 

(‰) 

DDW 

(‰) 

d-excessDW 

(‰) 

17OexcessDW 

(per meg) 
H2O 
(%) 

SBL-1A 0 2804 ± 278 3.01 ± 0.04 5.73 ± 0.06 -25.01 ± 0.21 1.13 2.17 -4.81 -22.2 -18 ± 10 20.1 

SBL-1B 2.3 2746 ± 213 2.85 ± 0.01 5.41 ± 0.03 -27.11 ± 0.06 0.96 1.85 -6.95 -21.7 -10 ± 15 20.5 

SBL-1C 4.6 2685 ± 167 2.76 ± 0.03 5.25 ± 0.05 -26.84 ± 0.14 0.88 1.69 -6.67 -20.2 -16 ± 17 20.8 

SBL-2A 6.9 2624 ± 149 2.43 ± 0.03 4.63 ± 0.04 -27.82 ± 0.24 0.55 1.08 -7.68 -16.3 -19 ± 13 20.9 

SBL-2B 9.2 2568 ± 155 2.83 ± 0.03 5.42 ± 0.04 -26.50 ± 0.17 0.95 1.86 -6.32 -21.2 -30 ± 8 21.0 

SBL-2C 11.5 2511 ± 165 2.62 ± 0.02 5.02 ± 0.03 -27.41 ± 0.17 0.74 1.46 -7.26 -18.9 -34 ± 18 20.8 

SBL-3 13.8 2453 ± 172 2.77 ± 0.08 5.31 ± 0.11 -26.86 ± 0.41 0.89 1.75 -6.69 -20.7 -37 ± 7 20.3 

SBL-4A 16.1 2393 ± 178 2.14 ± 0.02 4.12 ± 0.03 -28.95 ± 0.16 0.26 0.57 -8.83 -13.4 -38 ± 15 20.6 

SBL-4B 18.4 2331 ± 178 2.17 ± 0.03 4.17 ± 0.04 -28.87 ± 0.25 0.29 0.62 -8.75 -13.7 -41 ± 16 20.4 

SBL-5A 20.7 2268 ± 176 2.18 ± 0.03 4.19 ± 0.04 -28.87 ± 0.38 0.30 0.63 -8.75 -13.8 -36 ± 14 20.3 

SBL-5B 23 2204 ± 173 2.40 ± 0.03 4.58 ± 0.04 -28.00 ± 0.18 0.52 1.02 -7.86 -16.0 -17 ± 10 20.8 

SBL-6A 25.3 2139 ± 170 2.37 ± 0.03 4.52 ± 0.08 -28.83 ± 0.48 0.49 0.96 -8.71 -16.4 -15 ± 17 20.5 

SBL-6B 27.6 2075 ± 166 2.29 ± 0.02 4.38 ± 0.04 -30.75 ± 0.39 0.41 0.82 -10.67 -17.2 -28 ± 13 20.6 

SBL-6C 29.9 2010 ± 161 2.47 ± 0.07 4.73 ± 0.13 -29.37 ± 0.58 0.59 1.17 -9.26 -18.7 -31 ± 12 20.8 

SBL-7 32.2 1946 ± 157 2.67 ± 0.03 5.12 ± 0.07 -26.66 ± 0.24 0.79 1.56 -6.50 -19.0 -37 ± 17 20.3 

SBL-8A 34.5 1882 ± 156 2.51 ± 0.03 4.83 ± 0.03 -29.47 ± 0.09 0.63 1.28 -9.36 -19.6 -41 ± 13 20.6 

SBL-8B 36.8 1819 ± 155 2.68 ± 0.01 5.12 ± 0.03 -27.22 ± 0.17 0.79 1.56 -7.06 -19.5 -29 ± 10 20.4 

SBL-9A 39.1 1758 ± 153 2.55 ± 0.03 4.88 ± 0.08 -25.32 ± 0.47 0.67 1.32 -5.12 -15.7 -29 ± 14 20.8 

SBL-9B 41.4 1699 ± 149 2.72 ± 0.02 5.22 ± 0.02 -26.02 ± 0.26 0.84 1.66 -5.83 -19.1 -33 ± 16 20.4 

SBL-10A 43.7 1641 ± 143 2.89 ± 0.04 5.51 ± 0.04 -26.45 ± 0.44 1.01 1.95 -6.28 -21.9 -20 ± 11 20.3 

SBL-10B 46 1568 ± 133 2.70 ± 0.04 5.16 ± 0.06 -27.40 ± 0.30 0.81 1.60 -7.25 -20.1 -31 ± 15 20.8 

SBL-11A 48.3 1533 ± 121 2.55 ± 0.01 4.91 ± 0.03 -27.97 ± 0.21 0.66 1.35 -7.83 -18.6 -47 ± 18 20.5 

SBL-11B 50.6 1480 ± 110 2.40 ± 0.02 4.63 ± 0.03 -29.30 ± 0.13 0.52 1.07 -9.19 -17.7 -46 ± 13 19.9 

SBL-13A 55.2 1375 ± 101 3.03 ± 0.03 5.83 ± 0.04 -24.28 ± 0.09 1.15 2.27 -4.07 -22.2 -51 ± 12 20.1 

SBL-13B 57.5 1324 ± 112 3.12 ± 0.03 6.00 ± 0.03 -23.66 ± 0.25 1.24 2.44 -3.43 -22.9 -49 ± 7 20.5 

SBL-14A 59.8 1274 ± 134 2.63 ± 0.02 5.05 ± 0.03 -27.29 ± 0.15 0.75 1.49 -7.14 -19.0 -34 ± 11 20.6 

SBL-14B 62.1 1224 ± 162 2.70 ± 0.02 5.16 ± 0.02 -26.68 ± 0.11 0.82 1.60 -6.51 -19.3 -25 ± 10 20.9 

         

Supplementary Table 2. Oxygen and hydrogen stable isotopes (±1SD) in gypsum hydration water (GHW) in the SBL stalactite. Reconstructed paleo-

dripwater values (DW) from GHW were calculated using fractionation factors by Gázquez et al., (2017b) and Liu et al., 2019. The U-Th age uncertainties are 

given as 95% CL and were calculated for each sample using COPRA code (Breitenbach et al., 2012).

4. Stable isotopes of gypsum hydration water 
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