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Depth 360
(em) |O0top) | 10 | 50 | 90 | 120 | 140 | 165 | 185 | 205 | 240 | 255 | 260 | 270 | 290 | 310 | 350 | (base)
Major element (ppm)
Mo | 159 [ 172 | 118 | | 77 [ 124 | 55 | 85 | 2u | 78 | 242 [ 158 | 119 [ e4 | 96 | 138 | 176
Trace elements (ppm)
Rb 283 [219[145] 213 [ 232 [ 210 [ 141 [ 190 [ 294 | 108 | 349 | 174 | 159 [ 205 [ 224 | 189 | 216
Nb 45 |30 36| 27 | 45 [ 55 | 19| 52 | 96 | 54 | 98 | 52| 54 |45 51| 41 | 52
Ni 1w |15 28 [ 46 | 26 | a1 |36 ] 93] 36 | 57| 2| 25| 1| 15 10 32
Ba 157 109 [ 163 | 132 | 121 | 223 [ 106 | 175 | 354 | 210 | 309 | 352 | 164 | 101 | 185 | 74 | 186
Zn 313 | 271 | 360 | 466 | 622 | 885 | 316 | 606 | 1613 | 622 | 1250 | 1244 | 666 | 247 | 546 | 834 | 387
Pb 15 (91 [119] 99 [ 79 [ 127 62 | 92 [ 205 [ 119 [ 193 | 128 | 96 | 50 | 71 | 63 | 138
cd 42 |37 32 93 | 7| 129 89 [ 108|393 [ 102382258 | 2|19 |30 ] 15 | 75
Cu 299 [ 377 | 287 | 1334 | 1007 | 2035 | 832 | 1174 | 5231 | 928 | 4329 | 2510 | 1602 | 443 | 786 | 668 | s02
Zr 90.1 |19.6]232| 156 | 577 | 405 | 85 | 200 | 433 | 161 | 543 | 308 | 254 | 222 | 303 | 106 | 348
Hf 06 |04 ]o05] 03 |06 ] 04 03] 05| 12] 06040906 ]0a]06] 02 | 11
U 20 [1al1e | 13 | 15| 1alos| 15|37 13 20] 231206/ 06] 03 | 31
Th 220 15|22 13 [ r |21 oo 132210391716 |16 19] 07 | 31
Co 27 3637 76 | 65 [ 96 | 50 ] 75 [ 153 ] 58 | 146 | 108 | 58 | 34 | 46 | 69 | 47
Se 40 |30 39| 18 | 20 26 |17 ] 25 33| 23| 53] 24| 23 |26/ 34] 15| 64
Y 149 (109|134 89 | 87 [ 119 | 45 [ 81 [187] 68 [197 167 | 89 [ 38 |39 [ 17 | 170
Sr 61 |77 | sa ] 77 | 53 | a2 | 590 | 34 | 38 | 39 | 61 | a0 | 35 | 63 | 49 | 66 70
Yy YY) AT e s e
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Depth 360
(cm) 0 (top) | 10 50 90 120 140 165 185 205 240 255 260 270 | 290 | 310 350 (base)
Rare Earth elements (ppm)
La 8.9 7.0 | 9.1 6.0 9.6 7.5 4.9 7.9 17.5 6.0 185 | 12.7 8.4 53 6.0 23 15.4
Ce 153 10.4 | 14.0 8.8 11.8 | 16.8 | 43 114 | 277 8.5 31.8 | 19.8 | 154 | 11.1 | 109 4.2 19.6
Pr 2.4 1.8 | 2.8 1.3 1.4 2.3 1.0 1.3 2.5 1.1 35 1.9 1.6 1.3 1.6 0.6 3.6
Nd 8.7 58 | 75 4.6 53 8.9 2.4 6.4 16.7 4.4 16.1 12.1 8.8 5.7 5.4 2.0 10.8
Sm 2.1 1.6 | 2.0 1.3 1.0 1.6 0.8 0.9 2.0 0.7 39 1.7 1.8 0.8 1.1 0.4 2.6
Eu 0.4 03 | 0.6 0.3 0.2 0.4 0.2 0.3 0.5 0.2 0.7 0.4 0.2 0.2 0.2 0.1 0.7
SLREE 38 27 36 22 29 38 14 28 67 21 75 49 36 24 25 10 53
Gd 1.8 1.5 1.9 1.1 1.1 1.6 0.7 1.2 2.5 0.7 4.0 2.0 1.5 0.8 0.9 0.4 2.9
Tb 0.3 02 | 03 0.1 0.2 0.2 0.1 0.2 0.4 0.1 0.4 0.3 0.3 0.1 0.2 0.1 0.4
Dy 1.9 14 | 16 1.2 14 14 0.6 1.3 33 0.8 2.9 2.5 2.0 0.6 0.8 0.3 22
Ho 0.5 03 | 05 0.3 0.3 0.4 0.1 0.2 0.5 0.2 0.6 0.4 0.3 0.1 0.2 0.1 0.5
Er 1.0 0.7 | 0.8 0.7 0.7 0.8 0.4 0.6 1.4 0.4 2.1 1.2 1.1 0.4 0.5 0.2 1.4
Tm 0.2 0.1 | 0.2 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.1 0.1 0.0 0.2
Yb 1.1 0.7 | 0.8 0.6 0.8 0.8 0.4 0.7 1.6 0.6 1.6 1.3 0.8 0.3 0.4 0.2 1.4
Lu 0.2 0.1 | 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.3 0.2 0.2 0.1 0.1 0.1 0.2
YHREE 7.0 5.1 6.2 43 4.6 5.5 2.6 4.4 10.1 2.9 124 8.0 6.3 2.6 3.1 1.3 9.4
SREE 45 32 42 27 34 43 16 33 77 24 87 57 43 27 28 11 62
Ratios
LREE/
HREE 539 | 530|576 | 517 | 639 | 6.79 | 530 | 644 | 6.62 | 7.31 | 6.03 | 6.06 | 579 | 949 | 8.24 7.35 5.61
La/Th 4.10 | 457 | 424 | 461 831 | 3.64 | 556 | 6.12 | 7.86 | 599 | 476 | 7.70 | 536 | 3.22 | 3.17 3.48 4.99
La/Sc 0.15 |0.09 | 0.17 | 008 | 0.18 | 0.18 | 0.08 | 0.23 | 047 | 0.15 | 030 | 032 | 0.24 | 0.08 | 0.12 0.04 0.22
La/Yb 8.0 10.6 | 11.3 9.4 12.6 9.9 12.7 | 10.6 | 11.1 10.8 11.5 9.8 103 | 15.1 | 154 11.5 10.8
Sc/Ni 035 020|040 | 006 | 004 | 0.10 [ 0.04 | 0.07 | 0.03 | 0.06 | 0.09 | 0.05 | 0.09 | 0.23 | 0.23 0.15 0.20
Th/Cr 0.09 |0.06 | 008 | 0.02 | 0.03 | 0.02 [ 0.02 | 0.03 | 0.02 | 0.02 | 0.03 | 0.03 | 0.04 | 0.04 | 0.03 0.01 0.09
Th/Sc 054 1052|055 072 | 059 | 0.79 | 0.51 | 0.53 | 0.68 | 0.43 | 0.74 | 0.68 | 0.68 | 0.63 | 0.55 0.46 0.49
U/Th 090 092|074 | 1.00 1.30 | 0.68 [ 093 | 1.18 | 1.68 | 1.31 | 0.75 | 1.36 | 0.77 | 0.36 | 0.32 0.38 1.02
Nd/Er 8.4 8.1 9.1 6.9 7.5 11.1 5.7 11.5 | 11.6 | 12.1 7.5 10.1 7.9 147 | 114 10.3 7.7
Eu/Eu*
N 1.0 1.0 | 14 1.0 1.1 1.2 1.1 1.4 1.0 1.5 0.8 1.0 0.7 0.9 1.1 0.9 1.2
Ce/
Ce* 0.76 | 0.67 | 063 | 072 | 072 | 092 | 045 | 0.80 | 093 | 0.76 | 091 | 091 | 0.95 | 097 | 0.82 0.81 0.61
Pr/Pr*
N 0.21 021|028 | 026 | 025 | 0.26 | 0.32 | 022 | 0.15 | 023 | 020 | 0.18 | 0.16 | 0.12 | 0.18 0.17 0.27
1“C 13845+ 14260+
dating 50 BP 50 BP
[Ew/Eu* = 2*Eu/(Sm+Gd)],; [Ce/Ce* = 2Ce/(La + Pr)]; [Pr/Pr* = 2Pr/(Ce + Nd)] ,; SN=Post Archean Australian Shale ( McLennan, 1989)
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Depth | Eu/Eu* Ce/Ce* Pr/Pr* Ce anomaly based on Ce/Ce* vs. Pr/Pr* diagram (after Bau and Dulski, 1996)
(cm) Values Field Discription
0 1.00 0.76 1.22 1IIb real negative Ce anomal
10 0.97 0.67 1.37 1IIb real negative Ce anomaly
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310 1.06 0.82 1.20 IIIb real negative Ce anomaly
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Abstract

Karaftu Cave is located in the 67 km northwest of Divandareh, Kurdistan province. It includes four floors, which the bottom of the second
floor, in the bat’s hall, is covered by thick guano deposits. In this study, the distribution of trace elements plus rare earth elements, as well as age
determination, based on '*C, of guano was investigated. Fresh guano decays through bacterial and fungal metabolism and can release organic
and inorganic acids. Interactions between these acidic solutions with guano were caused by leaching and changing the distribution and ratios of
elements. The rate of leaching is determined by changes in the patterns of distribution of elements and the ratios of Th/U and LREEs/HREEs.
The Eu/Eu* and Ce/Ce* ratios are applied to obtain information about the paleoredox conditions of guano deposition. Based on this study, three
different climatic conditions, including dry, wet, and dry terms, have been recognized. Geochemical data of guano samples on the La/Th-Hf
and Th-Sc diagrams represent intermediate-mafic source rocks. Plot the samples on the Th-Sc-Zr/10 and La/Th-Sc/Ni diagrams, suggesting that
their source rocks evolved in a continental island arc tectonic setting. Based on “C dating, the onset of guano production is about 14260 + 50
BP after the Last Glacial Maximum recorded worldwide and close to the study area in Zaribar Lake, Zagros Mountains, and Alpine Mountains.

The average accumulation rate of guano deposits has been 3.7 mm/year in Karaftu Cave.

Keywords: Karaftu Cave, geochemistry of guano, source rock, tectonic setting, '*C dating.
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