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Abstract: Based on geological investigation of several outcrops, the analyses of 75 samples and the previous achievements, the
authors studied the paleoproductivity conditions of lower member of Cambrian Xiaoerbulak Formation in Kalpin thrust belt. In order

to get the reliable content of biogenic elements, the authors used the Ti element to deduce the terrigenous elemental content of Ba,
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Cu and Zn and obtain the corrected values of the biogenic elements Ba,,, Cu,, and Zn,,. According to the results, it can be concluded
that the lower member of Cambrian Xiaoerbulake Formation has a high level of paleoproductivity. The values of the biogenic
elements Ba,, Cu.and Zn,, of individual layers are higher, and this indicates that individual layers have higher paleoproductivity. The
acritarchs microfossils such as Leiomarginata sp., Granomarginata squamacea Volkova, Dictyotidium priscum Kirjanov and
Volkova and Lophosphaeridium sp. were found in the Cambrian Xiaoerbulak Formation, and all these factors provided a good
material basis for the deposition of organic matter. The identifying indices such as Pr/Ph,V/(V+Ni), U/Th and 6Ce indicate that the
lower member of Cambrian Xiaoerbulak Formation source rocks were developed under a favorable condition with an anaerobic
sedimentary environment. The type of organic matter is Type I—1I, and the organic matter has the characteristics of high maturity

stage and potential of hydrocarbon generation. In summary, the lower member of Cambrian Xiaoerbulak Formation can be regarded

as the potential source rock.
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Fig. 1 Regional divisions of Kalpin area(modified from Li Yuejun et al., 1999)and the location of outcrops
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Table 1 Statistics of paleo—productivity element values of lower member of Cambrian Xiaoerbulak Formation in

Xiaoerbulak outcrop (10 )

ETRSI =) Ba Cu Zn Ti Bas Cus Zng U V. Mo V/(V4Ni) V/Cr Ni/Co U/Th dCe
XX01 341 412 522 249 071 391 487 116 555 029 050 466 3232 1124 096
XX02 465 196 574 4665 04 157 508 1.12 2166 1.17 092 1126 777 416 096
XX03 574 231 946 3369 209 203 898 090 1123 0.18 088 185 864 605 098
XX04 12 433 229 218 2866 122 205 177 072 684 0.00 087 200 631 644 093
XX05 1807 244 753 2882 1495 22 712 092 485 002 0.82 3094 331 732 0095
XX06 478 411 876 5048 -069 369 804 090 536 028 077 062 338 471 092
XX07 572 3332 1798 267 283 331 176 1.07 1285 0.02 091 086 422 924 098
XX08 485 362 2585 1901 279 347 2558 082 404 011 073 049 5.07 1007 1.01
XX09 N 308 381 915 338 -059 353 867 093 1069 024 08 216 656 831 103
XX10 416 232 266 2164 182 214 236 070 610 001 085 061 862 707 1.00
XX11 14 607 255 2242 2265 362 236 221 089 371 0.09 079 063 244 1015 097
XX12 396 25 649 2444 131 23 615 083 541 0.13 082 995 570 868 0095
XX13 4.8 144 458 1581 309 13 436 056 1564 039 098 084 039 1007 094
XX14 e 902 175 028 2165 667 157 -002 064 099 019 062 124 464 934 101
XX15 1217 231 06 1134 1094 222 044 057 017 033 008 036 7.05 17.09 0.99
XX16 16 694 175 101 1897 488 159 074 059 679 026 093 144 367 912 098
XX17 56 296 1291 2201 321 277 126 083 17.10 0.06 093 138 307 11.14 097
XX18 1013 277 504 753 931 271 494 052 084 035 048 276 877 3509 097
XX19 17 48 235 433 2096 261 218 403 065 951 023 090 357 489 965 097
XX20 358 258 2308 1069 242 249 2293 057 131 0.19 020  1.03 44551955 095
XX21 1355 1.8 221 654 1284 174 212 086 7.17 038 093 084 384 5416 098
XX22 531 219 4661 789 446 213 465 061 833 040 094 357 238 6351 096
XX23 a 436 166 766 78 351 159 755 056 205 044 0.87 348 063 1053 098
XX24 338 223 236 1628 162 21 213 104 041 039 029 066 455 1550 1.00
XX25 19 352 164 406 444 304 16l 4 043 665 047 091 075 128 8629 0.90
XX26 6279 193 31 1485 6118 181 289 054 984 041 094 067 350 1324 101
XX27 » 577 199 395 1785 383 1.8 369 057 223 027 077 089 368 746 097
XX28 8334 24 809 1458 8176 228 788 052 361 034 0.80 1274 224 1185 1.02
XX29 21 549 408 1475 3051 219 383 1432 073 563 003 057 486 1966 553 1.02
XX30 541 195 249 1584 369 182 227 065 501 036 0.83 134 1161 1279 1.02
XX31 22 1055 212 318 1773 863 198 293 099 508 034 078 842 938 1353 1.02
XX32 23 424 293 3261 1245 289 282 3243 049 343 045 078 064 379 1820 096
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Fig. 2 Distribution characteristics of paleo—productivity
element values of lower member of Cambrian Xiaoerbulak
Formation in Xiaoerbulak outcrop
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Table 2 Statistics of paleo—productivity element values of lower member of Cambrian Xiaoerbulak Formation in
Sugaitebulak outcrop(10°°)

495 Ba Cu Zn Ti Bas Cus Zng U \% Mo  V/(V+Ni) V/Cr  Ni/Co U/Th dCe TOC/%
SX01 4261 274 2462 2277 40.14 255 243 105 14.66 0.52 0.92 0.70 2.02 7.88 095 0.852
SX02 424 394 14353704 022 363 1383 1.18 7.07 0.64 0.67 722 16.13 6.37 096 495
SX03 5.07 3.1 13.852695 2.15 288 1347 0.87 5.01 0.16 0.85 24.85 12.10 7.00 097 0.249
SX04 2132 288 2267 36.02 1742 258 22,16 121 10.07 0.61 0.88 1.15 6.53 8.06 098 514
SX05 14.02 424 422 2366 1146 404 389 1.03 0.84 0.11 0.45 2.16 275 14.43 1.01 185
SX06 1047 347 048 1788 853 332 023 097 0.40 0.28 0.22 1.11 111.55 16.32 096 0.876
SX07 7.85 212 496 17.72 593 198 471 0091 0.46 0.00 043 0.93 2.57 13.93 098 219
SX08 244.54924.0397.26 24.08 241.94923.8396.92 132 13.68 0.80 091 534 2.88 12.96 1.01 524
SX09 83 267 136 2093 603 249 106 1.11 1.72 0.15 0.42 2.38 43.40 11.94 1.03 242
SX10 62.13 249 209 19.61 6001 232 181 0.81 14.77 0.31 0.95 042 487 13.79 .01 1.13
SX11 2404 268 16.1523.61 2148 248 1582 0.79 0.37 0.27 0.35 18.00 1.05 13.71 097 236
SX12 1664 539 826 2095 1437 522 79 1.13 0.03 0.04 0.01 0.66 2721 1423 096 221
SX13 1396 9.14 21.09 26.04 11.14 893 20.72 0091 0.98 0.01 0.42 343 4.11 821 1.00 456
SX14 2207 313 852 26 1925 291 815 0.88 1.44 0.18 0.61 2.86 6.79 11.27 092 227
SX15 89 258 11451833 691 243 11.19 0.75 6.69 0.26 0.89 0.80 6.87 18.18 098 0.985
SX16 297 147 047 1202 166 137 03 051 0.67 0.32 0.57 1.05 6.52 533 099 1.01
SX17 2.17 2895 10.57 12.79 0.79 28.84 10.39 0.68 0.56 0.51 0.36 1.44 48.61 10.33 099 1.73
SX18 853 344 14251216 721 334 1407 0.68 0.94 0.37 0.46 1.56 3.32 30.47 1.01 374
SX19 3.04 221 403 1063 1.88 212 388 0.56 3.09 043 0.76 14.32 31.49 3598 096 426
SX20 19.12 328 961 1921 17.03 3.12 933 057 6.86 0.02 0.82 0.69 545 7.48 096 332
SX21 4 316 661 1125 278 307 645 090 11.80 0.14 0.89 0.99 1.76 2498 096 254
SX22 439 405 729 3525 058 376 679 138 0.75 0.09 027 1.99 5.82 14.35 0.94 2
SX23 136 202 284 637 067 19 275 047 9.09 0.44 0.95 0.73 5.26 5747 094 251
SX24 6.62 248 1585 928 561 241 1572 0.60 5.61 0.40 0.87 0.70 13.63 26.54 090 131
SX25 921 247 11.88 858 828 24 11.76 0.78 3.17 0.44 0.82 2.63 1.53 17215 092 217
SX26 6.79 4.66 10.36 20.34 459 449 1008 0.79 12.04 0.14 0.92 0.90 5.31 7.82 094 209
SX27 1292 254 2132 1426 1138 242 21.12 0.82 6.54 0.34 0.92 0.58 451 6.80 099 22
SX28 445 251 457 1625 269 238 434 0.69 1.05 0.33 0.57 526 1.61 7.70 093 318
SX29 816 224 1658 1288 6.76 214 164 0.77 1.72 0.33 0.66 223 232.15 16.48 097 268
SX30 581 282 11.17 1748 392 267 1092 1.50 091 0.04 0.14 2.70 282.73 20.38 092 349
SX31 21 264 87 107 094 255 855 3.07 0.58 10.90 0.26 14.58 27.61 65.02 098 247
SX32 857 338 1678 9127 -1.32 262 1548 0.78 4.57 0.24 0.76 1.63 221 2.56 1.01  1.85
SX33 934 237 896 5377 351 192 82 038 1653 0.07 0.93 0.65 10.13 225 097 1.01
SX34 1196 479 10.86 72.89 4.07 4.18 982 090 0.40 0.06 0.15 0.58 5.08 332 096 0917
SX35 3197 27 196 2553 292 249 16 062 2.26 0.41 0.80 3.11 20.76 10.58 093 0.205
SX36 112 125 14510347 -0.01 038 -0.02 0.73 1.06 0.30 042 6.95 1.85 2.00 0.88 0.19
SX37 7823 148 13.81 84.13 69.11 0.78 1262 143 1.98 1.62 0.50 18.80 439 471 1.00 0471
SX38-1112.21 7.56 17.81540.41 53.67 3.06 10.16 1.88 9.06 1.00 0.56 16.95 2.56 0.81 097 0.398
SX38-248.56 694 329861422-1798 1.82 2428 377 1923 7.45 0.68 49.99 3.61 1.62 1.04 0.379
SX39 11.02 293 4192 8966 13 218 4065 055 0.04 0.19 0.02 0.03 5.19 1.62 099 0.112
SX40 1744 227 1678 41.08 1298 193 162 045 8.40 0.17 0.88 0.59 12.26 3.17 0.98 0.0864
SX41 27299 292 8.69 1354425831 1.79 6.77 155 2315 6.10 0.92 13.55 272 3.73 1.04 0.14
SX42 760.17 1.65 1.49 1332974573 054 -04 465 3153 5.90 0.94 1.78 5.72 9.19 1.00 0.14

1 46 Jones et al.,1994; 4% JR4E, 2004 ; 5K F 4, 2013,
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a- Leiomarginata sp. b-Leiomarginata sp.

f-Dictyoti dium priscum
Kirjanov and Volkova

e-Dictyotidium priscum
Kirjanov and Volkova

i-Lophosphaeridium sp. j-Lophosphaeridium sp.

c-Granomarginata
squamacea Volkova

d-Granomarginata
prima Naumova

.

g-Dictyotidium? sp.

1-Lophosphaeridium sp.

k- Lophosphaeridium?
variabile Volkova

K4 Al A= 1R
(PP B LU RS g 10w, BT ER BT IR S Ay sw il I, J2 07 - FEE R 1 R Ay )
Fig.4 Identification diagram of microbial paleontology
(The scale is 10 wm. Location: Sugaitebulak. Lower Cambrian Xiaoerbulak Formation)
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Table 3 Identifying indices of depositional environment

" . BRI e
A =2 — GEERZE
R 3P
V/ (V+Ni)  >0.60 0.45~0.60 <0.45
P V/Cr >425 2.00~4.25 <2.00
EITR .
Ni/Co >7.00 5.00~7.00 <5.00
U/Th >1.25 0.75~1.25 <0.75
Fibots s (6Ce) <I(fFeds) > QESHD
He Mk Ak A JEyen Pr/Ph>1
TR SERIEL(Pr/Ph) Pr/Ph<I (REBEIL ) (R

7 9% Jones et al.,1994; FEHE/REE, 2004 ; 5k F I 4E, 2013,

5 A USRI TR 25
(Q)FERAY RAhiadl FBh & E emHEZ%
¥ (Leiomarginata) Wi 1A H.25 3 ( Granomarginata)
[ 1 BK 5 (Dictyotidium ) 3L 3R ¥ (Pterospermella)
Jed 11 BR ¥ (Lophosphaeridium ) %5 , H. 1T UL AT ¥ 28
R o MR A hr se AL IR A AR W A B K ) BE A
FKHRBRAY), A B A IR B BRI T .
(3)FER AR Y RATH a4 T Bk R A A Pk

x4 TERRREMAEMHTERSFEMNELER
Table 4 Results of carbon isotope of kerogen and
vitrinite-like reflectance

Py 0 Clko Ro/% R/%
PDB) it skt T

XR-1 298 1.62 1.92 1.77 1.53

XR-2 -34.0 1.31 1.48 1.38 1.27

XR-3 334 1.29 1.54 14 1.28

NRA 334 168 178 174 151

XR-5 -31.0 1.59 1.88 1.70 1.48

B i, AL AL Ny T — T2, SR 1 e it
BrBe. H/RfR A N BUR BRI IR

Bt WAL F L A g 48 0 P A AR R
HYEHREL, ABEIREHHE,

References

Algeo T J, Maynard J B. 2004. Trace element behavior and redox

http://geochina.cgs.gov.cn H1E LT, 2018, 45(2)



H45% 2

FLUEPILAE 35 RGO PF 3 X FE AR R A e 2T By 247 ke 235

facies in core shales of Upper Pennsylvanian Kansas— type
cyclothems[J]. Chemical Geology, 206: 289—318.

Bai Zhongkai, Han Miao, Qiu Haijun, LU Xiuxiang, Xie Li, Yang
Youxing, Sun Zhichao. 2017. Paleo— oxygen facies conditions of
lower member of Cambrian Xiaoerbulak formation in Kalpin thrust
belt, Tarim Basin[J]. China Mining Magazine, 26(S2):213—217(in
Chinese with English abstract).

Chen Hui, Xie Xinong, Li Hongjing, Su Ming, Peng Wei, Hu
Chaoyong. 2010.Evaluation of the Permian marine hydrocarbon
source rocks at Shangsi section in Sichuan Province using multi—
proxies of paleoproductivity and paleoredox[J]. Journal of
Palaeogeography, 12(3):324—333(in Chinese with English abstract).

Cheng Yuehong, Yu Xinghe, Han Baoqing, Du Haifeng, Bai Zhenhua.
2010. Geochemical characteristics of the 3rd Member of Paleogene
Shahejie Formation in Dongpu Depression and their geological
implications[J]. Geology in China, 37(2):357—366 (in Chinese with
English abstract).

Dymond J, ErwinSuess, MitehLyle. 1992. Barium in deep— sea
sediment: A  geochemical proxy for paleoproductivity[J].
Paleoceanography, 7(2): 163—181.

Francois R, Honjo S, Manganini S J. 1995. Biogenic barium fluxes to
the deep sea: Implications for paleoproducttivity reconstruction[J].
Global Biogeochemical Cycle, 9(2): 289—-303.

Fu Bihong.1995. Neotectonic deformation satellite imageries of Kalpin
uplift in Tarim Basin[J]. Xinjiang Geology, 13 (3):283— 290(in
Chinese with English abstract).

Hatch J R, Leventhal J S. 1992. Relationship between inferred redox
potential of the depositional environment and geochemistry of the
Upper Pennsylvanian (Missourian) Stark Shale Member of the
Dennis Limestone, Wabaunsee County, Kansas, U.S.A[J].
Chemical Geology, 99(1/3): 65-82.

Hu Chaoyong, Pan Hanxiang, Ma Zhongwu, Shen Erbu, Yan Jiaxin.
2007. Iron abundance in the marine carbonate as a proxy of the
paleoproductivity in hydrocarbon source rocks[J]. Earth Science—
Journal of China University of Geosciences,32(6):755— 758(in
Chinese with English abstract).

Jones B J, Manning A C. 1994. Comparison of geochemical indices
used for the interpretation of palacoredox conditions in ancient
mudstones[J]. Palacogeography, Palacoclimatology, Palacoecology,
111(1/4):111-129.

Liang Digang, Zhang Shuichang, Zhang Baomin, Wang Feiyu.2000.
Understanding on marine oil generation in China based on Tarim
Basin[J]. Earth Science Frontiers, 7(4): 534—547(in Chinese with
English abstract).

Li Yuejun, Peng Gengxin, Huang Zhinbin. 1999. Petroleum geology
and exploration direction of Kalpin uplift[R]. 1-100(in Chinese).
Liu Xun, You Guogqing. 2015. Tectonic regional subdivision of China
in the light of plate theory[J]. Geology in China, 42(1): 1-17(in

Chinese with English abstract).

LU Xiuxiang, Bai Zhongkai, Xie Yuquan, Yang Xianmao. 2014.
Reconsideration on petroleum exploration prospects in the Kalpin
thrust belt of northwestern Tarim Basin[J]. Acta Sedimentologica
Sinica,32(4):766—775(in Chinese with English abstract).

LU Xiuxiang, Yan Junjun. 1996. Hydrocarbon prospects of Keping
area on the northwestern margin of Tarim Basin[J]. Acta
Sedimentologica Sinica, 14(3):30— 37(in Chinese with English
abstract).

Luo Qingyong, Zhong Ningning, Zhu Lei, Wang Yannian, Qin Jing,
Qin Lin, Zhang Yi, Ma Yong. 2013. Correlation of burial organic
carbon and  paleoproductivity in the  Mesoproterozoic
Hongshuizhuang Formation, northern North China[J]. Chinese
Science Bulletin, 58: 1036—1047(in Chinese).

Ni Jianyu, Yao Xuying. 2004. Method to study ancient oceanic
productivity[J]. Marine Geology Letters, 20(3):30— 39(in Chinese
with English abstract).

Piper D Z, Perkins R B. 2004. A modern vs Permian black shale: The
hydrograph, primary productivity, and water—column chemistry of
deposition[J]. Chemical Geology, 206(3/4): 177-197.

Shen Jun, Feng Qinglai. 2010. Paleoproductivity evolution across the
Permian— Triassic boundary of Dongpan section at Fusui in
Guangxi[J]. Journal of Palaeogeography, 12(3):291— 300(in
Chinese with English abstract).

Shu Liangshu, Zhu Wenbin, Wang Bo, Wu Changzhi, Ma Dongsheng,
Ma Xuxuan, Ding Haifeng. 2013. The formation and evolution of
ancient blocks in Xinjiang[J]. Geology in China, 40(1): 43— 60(in
Chinese with English abstract).

Taylor S R, Mcleman S M. 1985. The continental crust: Its
composition and evolution[J]. Blackwell, Oxford: 28.

Tian Zhenglong, Chen Shaoyong, Long Aimin. 2004. A review on
Barium as a geochemical proxy to reconstruct paleoproductivity[J].
Journal of Tropical Oceanography, 23(3):78— 86(in Chinese with
English abstract).

Timothy D A, Calvert S E. 1998. Systematics of variations in excess Al
and AUTi in sediment from the central equatorial Pacific[J].
Paleoceangraphy, 13(2): 127—130.

Tonger, Liu Wenhui, Xu Yongchang, Chen Jianfa. 2004. The
discussion on anoxic environments and its geochemical identifying
indices[J]. Acta Sedimentologica Sinica, 22(2): 365— 372(in
Chinese with English abstract).

Wang Feiyu, Bian Lizeng, Zhang Shuichang, Zhang Baomin, Liang
Digang. 2001.Two groups of organic material in Ordovician source
rocks in Tarim Basin[J]. Science China(D), 31(2): 96— 102(in
Chinese).

Wang Feiyu, Zhang Shuichang, Zhang Baomin, Xiao Zhongyao, Liu
Changwei.2003. Maturity and its history of Cambrian marine
source rocks in the Tarim Basin[J]. Geochimica, 32(5):461—468(in
Chinese with English abstract).

Wang Zongxiu, Li Chunlin, Pak Nikolai, Ivleva Elena, Yu Xinqi, Zhou

http://geochina.cgs.gov.cn H1E LT, 2018, 45(2)



236 i [

b, J 20184F

Gaozhi, Xiao Weifeng, Han Shuqin, Halilov Zailabidin, Takenov
Nurgazy, Yan Xili. 2017. Tectonic division and Paleozoic ocean—
continent transition in Western Tianshan Orogen[J]. Geology in
China, 44(4): 623—641(in Chinese with English abstract).

Wei Hengye. 2012. Productivity and redox proxies of palaco—oceans:
An overview of elementary geochemistry[J]. Sedimentary Geology
and Tethyan Geology, 32(2):76— 88(in Chinese with English
abstract).

Xiang Yu, Feng Qinglai, Shen Jun, Zhangning. 2013. Changhsingian
radiolarian fauna from Anshun, Guizhou, and its relationship to
TOC and paleoproductivity[J]. Science China: Earth Sciences, 43:
1047—1056(in Chinese).

Yan Detian, Wang Jianguo, Wang Zhuozhuo. 2009. Biogenetic barium
distribution from the Upper Ordovician to Lower Silurian in the
Yangtze area and its significance to paleoproductivity[J]. Journal of
Xi’ an Shiyou University (Natural Science Edition),24 (4):16 — 19
(in Chinese with English abstract).

Yan Jiaxin, Zhang Haiqing. 1996. Paleo— oxygenation facies: A new
research field in sedimentology[J]. Geological Science and
Technology Information, 15 (3): 7— 13(in Chinese with English
abstract).

Zhang Chunming, Jiang Zaixing, Guo Yinghai, Zhang Weisheng.2013.
Geochemical characteristics and paleoenvironment reconstruction
of the Longmaxi formation in southeast Sichuan and northern
Guizhou[J]. Geological Science and Technology Information, 32(2):
124-130(in Chinese with English abstract).

Zhang Guotao, Peng Zhongqin, Wang Chuanshang, Li Zhihong. 2016.
Geochemical characteristics of the Lower Permian Liangshan
Formation in Dushan area of Guizhou Province and their
implications for the paleoenvironment[J]. Geology in China, 43(4):
1291-1303(in Chinese with English abstract).

Zhang Shuichang, Zhang Baomin, Wang Feiyu, Liang Digang, He
Zhonghua, Zhao Mengjun, Bian Lizeng. 2001. Two sets of marine

efficacious source rock in Tarim Basin

Organic properties,
formation environment and their controlling factors[J]. Progress in
Natural Science, 11(3):261-268(in Chinese).

Bt F 32225 3Lk

FUR L, B, IR, BBHE, WIEE, A AL FhVEEE. 2017 BEHLAK
AR W R IR W R AR 2 B U 0], TR
Wb, 26(S2):213-217.

WREE, fif 2] Ae, ZRTag, 5B, S48, BRI, 2010. I EUAHAT A
FEIVEAREEARVEA DU L SF 50— R I AH R (7] Hh 3
i, 12(3):324-333.

FRIGZ, T2, S0, AR, FHRAE. 2010 ZRIEMIFEALHR T L R
Vb = B HER A REIE S SRS SC[T). P I ST, 37(2):357-366.
HiZE7 1995 R FEREL (F BT RA 152 2 A8 I8 B T AL SE AR E RS 0],

SRR, 13 (3):283-290.

ERI, WA, S, YRR b, BUHEE.2007 AR R ER A Bk

ST AR B BAR R[], HURERR 2 —— P [ b BT

23], 32(6):755-758.

ZEEIR, 2R, B k. 1999. 4] BF B B A il b T AE O 5 45
[f][R].1-100.

KR, BKK B KT R, T TRTE.2000. A HLK 254 A E AR 2
TR T]. M2 R 2%, 7(4): 534—547.

X, Wl R, 2015 AR R XRI[T]. IS, 42(1): 1- 17

BT, BT T, R, TAEAE, 205, FrHE, dk5E, 5. 20134800
H Ty A K e TR BIURR ol A T AR Sk (0], Bk
WK, 58:1036—1047.

EEFE, FUEEL, W EAL, 0078201435 FLAR Gt v L AT 4 [X
IR AT SR, DUBEAAR, 32(4):766-775.

EBHE, PR 1996. 3 HLAR 1l VG Jb AT B3 X 38 A< 55 [J]. DR
2:4), 14 (3):30-37.

5T, WRNAE 2004, IR A 7 ) R FE A I ML B, 20
(3):30-39.

WAR, PSE. 2010, PHEkEAREEHI N — &4 —=8a 28 4
J1EAR ] AR, 12(3):291-300.

FF R, Ao, T, 25K, DRF, DA, TG 2013 87l
HARMIE RS T]. S E ML, 40(1): 43— 60.

JERK R, RISCIE, ok B, MRk 2004, e FR5s Bt sk b2 AR
FIRI LIS R 2 [0 ]. DUBEAAR, 22(2): 365-372.

MIERE, BREBE, o7 [R.2004. L) Ba 45 bR i 5 27 1 BT

TR, B, oK B, Tk I, Bk 200135 LA 4 U8 B AR A
ARPEA TS AR SR BT [T]. P ERE(D), 31(2): 96-102.

TR KK S, SR, HHh5E, XA, 200335 BUR 20 98 1 R
AR AT LA BB AL L [T] M BRARF, 32(5):461-468.

T 5275, 224, Pak Nikolai, Ivleva Elena, 4x.00iE, JEwmEt, M5
%, 3 I8 3E, Halilov Zailabidin, Takenov Nurgazy, & B .
2017. PER 1L L i B e i) 4 Sty AL AR Rl e e R ). o
[E b, 44(4): 623—641.

FrE 20129 R A P 1 5 AR R AR AR
R[] DU SRR, 32(2):76-88.
[, SPOK, WAR, 3KT. 2013, S MK 4B RS R Sh Wi 2
H 5 TOC Rl A= 7=y W S R [J). o E B bR B2, 43:

1047-1056.

FURESR, TEAEE, ERLEL 2009, 477X IR — T R B SR
FEAE B ety A 7 ) 3 SLLI). VU2 A0 R 22 3R (F SR BHF R, 24
(4):16 —19.

PR, SKIETE. 1996. T UM : — S8 A UTRLSARIE ST 4T [0]. 3t Rk
B, 15 (3) :7-13.

TRARH, ZETE S, BRI, TRAEA. 2013, IR —ES b b X Jp TR
BRI A4 1 PR EEIR B (7). M SR B 17 412, 32(2):124—130.
TR, b, EAEH, 282 201658 Ml F &5 204
HiER b 25 R AR B DT RUAR S8 8 SC[I). vl L, 43(4): 1291—

1303.

TR, SRR, TR, K, A, A, . 2001, B
R G P A SR IR ZE—— T A HLBRE BT L T3R5
FERIEZR (7], A ARF 2k R, 11(3):261-268.

JLR MR AL

http://geochina.cgs.gov.cn H1EHLT, 2018, 45(2)



