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Extended Abstract

Introduction

Caves are a product of Karstification, during which relatively soluble rocks such as limestone are
dissolved by downward-penetrating meteoric waters that have interacted with a soil horizon containing
high levels of CO,. Speleothems are secondary carbonates formed in caves, such as stalactites and
stalagmites. Speleothems, which are predominantly calcite in composition, form when carbonate-
saturated groundwater percolates downward into a cave at a CO, partial pressure higher than the cave
atmosphere and becomes supersaturated with respect to calcium carbonate by degassing or evaporation
(Harmon et al, 2004). Their carbon and oxygen isotope compositions are among the most important
tracers in paleoclimate studies and reconstruction of the paleogeological environment (Valley and Cole,
2001). Due to the simple geometry, relatively rapid growth rate, and tendency to precipitate near
isotopic equilibrium with dripwater, stalagmites are the subject of most isotopic studies. Oxygen
isotopes reflect the 380 of the meteoric water dripping into the cave and the temperature dependence
of the water-calcite isotopic fractionation.

Materials and Methods

The KunaBa Cave is located in northeastern Iraq, in the Sulaymaniyah Governorate of the Kurdistan
Region, northwest of the Darbandikhan city. This area is located on the High Folded Zagros Belt, based
on the subdivision of Iragi structural units (Fouad and Sissakian, 2011). The development of this belt
began in the Late Cretaceous with the subduction of the Arabian Plate margin crust from the Campanian
to the Paleocene and culminated in the Neogene with the continental collision between the Arabian
block and central Iran (Saura et al, 2015). The Pila Spi Formation sequence, which forms the two limbs
of the Golan anticline, represents the upper part of the stratigraphic supersequence of the Arabian Plate,
deposited in the Middle and Late Eocene on an uplifted zone during the final stage of subduction and
closure of the remnants of the Neotethys Ocean (Al-Banna et al, 2015).During the field observation,
samples were taken from the Pila Spi Formation and speleothems, including two well-layered
stalagmites, from inside the KunaBa Cave. XRD analysis was performed on one sample to determine
the mineralogical composition of the speleothems. In order to determine the 0D of the stalagmite-
forming fluid, two samples of the fluid inclusins were analyzed using the Cavity-Ring-Down
spectroscopy method.
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To determine the carbon and oxygen isotope values, 14 samples from the Pila Spi Formation and 2
samples from two distinct layers of each stalagmite were analyzed. For dating, the isotopic values and
ratios of U and Th were determined in 2 stalagmite samples using thermal ionization mass spectrometry
(TIMS).

Results and Discussion

The Pila Spi Formation consists of two units in its type section. The upper unit, 57 m thick, consists of
white crystalline layered bituminous limestone with bands of pale green marl or chalky marl containing
chert nodules with good fossil traces. The lower part, which is 28 meters thick, consists of well-bedded
white or porous bituminous limestone with weak fossil traces. The petrographic study of carbonate units
in the Pila Spi Formation shows the presence of skeletal and non-skeletal grains. The main carbonate
matrix of the Pila Spi Formation is carbonate mud (micrite), which has been heavily dolomitized and
transformed into microspar by neomorphism. The abundance of micrite and benthic foraminifera in the
facies of the Pila Spi Formation indicates its deposition in a shallow marine environment (Ali and
Mohamed, 2013). KunaBa cave is located on the Golan Anticline at 45°38'47"E and 35°09'32"N. This
anticline, which is composed of the Pila Spi Formation, is a narrow structure about 1 km wide and 10
km long with a northeast-southwest trend. The entrance to the KunaBa cave is very narrow and small,
but it then opens into halls covered with beautiful deposits including stalactites, stalagmites and
limestone waterfalls. There is no clear information about the main passages of this cave, less than one
kilometer of which has been explored. XRD analysis revealed that the speleothems were composed of
calcite. The samples have a layered structure in microscopic thin sections, indicating annual calcite
deposition. Analysis of stable carbon and oxygen isotope ratios is a widely used method in
palecenvironmental studies, as these ratios reflect the depositional environment and usually vary across
stratigraphic boundaries (Guo et al, 2010). In seawater, the amount of 880 increases with increasing
salinity (Wang et al, 2014). Because %O preferentially evaporates and becomes atmospheric
precipitation, the remaining seawater, which is now higher in salinity, becomes enriched in *20. Using
the empirical equation of Keith and Weber (1964) (Z = 2.048 x (3"3Cppg) + 50) + 0.498 x (5'®O(ppg) +
50)), which is a criterion for distinguishing between marine and non-marine carbonates using 6*3C and
5180 values in limestones, it was determined that the Pila Spi Formation is of marine origin (Z > 120).
The 6**C and 880 values of the Pila Spi Formation samples are negative, with mean values of —0.34%o
and —0.5%o, respectively. The oxygen isotope values in this Formation are heavier than those in marine
carbonate sediments. The heavier oxygen isotope values in the Pila Spi Formation could be due to brine
associated with an evaporite basin, during which the oxygen isotopic content of the basin becomes
heavier than that of seawater. There is a significant correlation between the §*3C and 'O values of
carbonate rocks in a closed saline environment. The more closed the system, the higher the correlation
coefficient (Wang et al, 2014). The correlation coefficient in the carbonate of the Pila Spi Formation (r
= 0.921) indicates a remarkably strong correlation and a closed system. Oxygen and carbon isotopes
provide the primary basis for reconstructing the temperature or precipitation history of a site from
speleothems. When the movement of air and water in a cave is relatively slow, a thermal equilibrium is
established between the temperature of the bedrock and the cave air (Bradley, 2015). As a result when
speleothems are deposited under isotopic equilibrium conditions, the §'®0 of speleothem calcite reflects
both changes in the §'80 of its dripwater and changes in cave air temperature. As a result, this principle
can be used to reconstruct cave air temperature, which in many caves is related to the annual surface air
temperature (Wigley and Brown, 1976). Paleotemperature determinations based on isotopic studies are
only reliable if calcite (or aragonite) precipitates in isotopic equilibrium with the dripping water. This
can be assessed by determining whether 630 values are constant throughout a growth layer. If the
values are different for the same layer, it indicates that the sediment has been affected by evaporation,
not just slow CO, degassing, and this changes the simple temperature-dependent fractionation
relationship (Bradley, 2015). The acceptable limit for speleothems deposited in isotopic equilibrium is
0.5%o for §'80 variations and a maximum of 0.7 for the linear correlation coefficient between 60 and
813C along a layer (Lauritzen, 1995; Linge et al, 2001). The results of the isotopic analysis of the
stalagmites indicate that they formed under equilibrium conditions and during a slow CO, degassing
process.
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The key advantage of speleothems in the field of paleoclimate studies is the possibility of accurately
dating them to half a million years using U-Th-based methods (Cheng et al, 2013). The age of the
stalagmites has been estimated to be 30 £ 1 and 25 + 1 thousand years using the values and isotopic
ratios of U and Th in two stalagmites. The ages of the samples were calculated using Isoplot/Ex (version
3.0) (Ludwig, 2003), a plotting and regression program designed for radioisotope data.

Conclusion

Given that stalagmites formed under isotopic equilibrium conditions, their oxygen isotope data can be
used to determine the cave temperature at two time intervals obtained from the U-Th results. For this
purpose, the Sharp equation (2007) was used, which is based on the oxygen isotope fractionation
between speleothem (8*0,) and dripwater (§'%0,,) based on the ambient temperature (T, °C):

T (OC) =15.75 - 4-3(81800alcite(PDB) - 6180water(SMOW)) +0. 14(6180calcite(PDB) - 6180water(SMOW))2

Since this equation contains two unknowns (T and §2Owater) and only one measured value
(8*0calcite), isotopic data from the water droplets at the time of stalagmite formation are needed to
obtain the temperature. The 8D value of the fluid inclusions was used to calculate its 'O value using
the equation 8D = 7.68 X §'80 + 6.26 (Affolter et al, 2025). Since the 50 content of the fluid inclusion
may have undergone isotopic exchange with the surrounding calcite, the 8D values obtained from the
fluids inclusions in the two stalagmites were —54.21 and —57.17, respectively. Thus, the 'O values of
the fluid of the two stalagmites were determined to be —7.87 and —8.26, respectively. By inserting the
values into the Sharpe's equation, the cave temperature during the formation time of the two stalagmites
was obtained as 10.9 and 12.1, respectively. Currently, the average annual air temperature in the
Darbandikhan region has been recorded as 22.41°C over the past two decades between 2000 and 2020
(Kalloshy and Sharbazhery, 2023). The global average temperature during this period was 0.72°C
(NOAA, 2024). It seems that despite limited data, the calculated annual mean temperatures between 25
and 30 thousand years ago for the study area are in acceptable with the global mean temperature of
about -8°C (Petit et al, 1999) in these two time periods.
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Fig. 1: Location Map, A: Tectonic map of Irag showing the tectonic subdivision zones. (SSZ Sanandaj-Sirjan
Zone-SZ Shalair Zone, ZFTB Zagros Fold-Thrust Belt, MZ Mesopotamian Zone, SSh Stable Shelf, ZLFZ Zagros
Low Folded Zone, ZHFZ Zagros High Folded Zone, ZIZ Zagros Imbricated Zone, ZSZ Zagros Suture Zone, ZFF
Zagros Foredeep Fault, ZMFF Zagros Mountain Front Fault, HZRF High Zagros Reverse Fault, ZTF Zagros
Thrust Front, ZMRF Zagros Main Reverse Fault.) (Al-Qayim et al. 2012; Baziany 2014; Zainy et al. 2017; Fouad
2015), B: Geologic map of the northeast Iraq formations showing the location of the study area (*) in the Zagros
Orogenic Belt
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Fig. 4: Microscopic sections of non-skeletal and skeletal components of wackestone and packstone microfacies
carbonate units of the Pila Spi Formation: a: Chert, chalcedony and quartz grains in a micritic matrix, b: Euhedral
gypsum crystals surrounded by calcite minerals, c: Foraminifera with cristobalite, d: Planktonic foraminifera



YoV ) e il

VAY-VV e Clrao N F-F ¥ o)lods (o055l 0,98 (oo (il (sletinrgly

(F 90 o) (Stevanovic et al, 2009) el ools 5gu
aalol o Lol .l S5 9 SOl Hle (64,9 ailan

Slepia g lo) lww Slgw, b aS 030 0 b ol YU &
«.si“’T sla Ll 5 coedYlul weassYi! eyl Jolis

3,90 50 (S, SleMs! = Y JS_“,) Qlodds o&u%
S 3 seshS S 58 s a8l Lol s
QT 6&%‘ Comnd )L._’>L..u Syg0 4o L’ Sl o0y less
CanndS 51 a3 gilinsl 457 0ls yLii XRD 50T .5,105 9924
Sy, ablis )0 badiges (A JS0) wiloads LSCas
o ol 1) Conds” AVl gy a5 W)l sl LSl

(A JSs) wawe

)

Golan w.\&l.: S92 L;b55 )Lé 59959 FHEX) «L.:.a.gy 50

, 45°3847'E  lili> olatke L Lbs
ool < o gy GolaN uysdls (g5, 5 35°09'32'N
il el ot S5 Pila SPi il §f 45 gl
Ngy b feglS Ve Jobo g faglST ) Sga> (oye 4 SGL
e )5 ol (79,5 Col ()8 iz = (B0 Jlads
5 ot o) asiz ) 09,8 el 3L Jlol o
VA 3o Dl o Sliwgy O jglome )0 oS Cal ((g0dgus
A pluan ;o oslr e ;0 dsilonl 00 (6 sl
oo oS (paiz wilaie glaJuS I gl ails I8
dansgi 03,8 s |y (teoj i o (ol s ((2550)
Sl (Lol oSl (lgie @ (g 00 Cams a0 | 10

Pt

Lot azl ) g b ol e 0 JS

[ =
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modifications from Othman and Omar, 2023)
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Fig. 11: Microscopic thin sections of fluid inclusion in two stalagmite samples
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Table 3: Calculated temperatures for two stalagmite samples based on oxygen isotope values

Sample KBL1-1-1 KBL1-2-1 KBL2-1-1
T (°C) 111 13.1 12.5
L. average 12.1 12.1

S. average 12.1

KBL2-2-1

KBL1-1-2 KBL1l-2-2 KBL1-2-2 KBL2-2-2

11 11.2 9.8 11.6
111 10.7
10.9

bogasme ol aVle sl Sl Lol
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Sl ool ood ol 5 sle ax 0 YY) Jobes Y6V
sles Xl (Kalloshy and Sharbazhery, 2023)
SF il azye <Y Jolae (Sloj 03l cnl yo Sl
ol 45,0 Sl 4y (NOAA, 2024) ol 054,
ol glp oad awlre slales wguze slaosls
5y90 Ailaie gl Gty Jlo 32 Yo 5 YO 554 40 4¥L
S5 b a8 A g e slas Sl b asllas
b B il o o3l 55 ol o (Petit etal, 1999)
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1-Standard Mean Ocean Water (SMOW)
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