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Research and discussion on the metallogenic epochs of the Xiashan Pb—Zn
deposit in Zhenghe County, Fujian Province

XI Wanwan, CHEN Shizhong, ZHU Xiaoting

(Nanjing Center, China Geological Survey, Nanjing 210016, Jiangsu, China)

Abstract: The Xiashan Pb—Zn deposit is a large—sized Pb—Zn deposit discovered in Fujian Province in the 1950s. Although most
researchers have classified this deposit as a sedimentary—reworked Pb—Zn deposit, some geologists still believe that it is a skarn
type deposit formed by the intrusion of the Tongpenan pluton (syenite granite) in Yanshanian period. Based on geological survey, the
authors hold that the distribution and morphology of orebodies are closely related to granite porphyry. Ore—related granite porphyry
samples from the Xiashan Pb—Zn deposit were dated by zircon La—ICP—MS U—Pb chronology, which yielded an age of 173+1.7

Ma. This result confirms that the Xiashan Pb—Zn deposit involved a skarn mineralization process of Early Yanshanian period which
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was earlier than the intrusion of the Tongpenan pluton (155—150 Ma). In addition, the age of 173+1.7 Ma is consistent with the
metallogenic epoch of Cu, Ag, Pb and Zn polymetallic deposits in northeastern Jiangxi Province, suggesting that the Wuyi Mountain
metallogenic belt in Fujian Province had a positive response to the first large metallogeny of the Early Yanshanian period in southern
China, and has the potential in the search for Cu, Ag, Pb and Zn polymetallic deposits. According to the results obtained by the
authors and previous studies, two important metallogenic periods (173 Ma and 90— 125 Ma) of Yanshanian period can be recognized
in the Wuyi Mountain metallogenic belt, especially in the north region. These results are of great significance for discovering and

studying the concealed and superimposed deposits in the Wuyi Mountain metallogenic belt.
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Table 1 Zircon U—Pb isotope analyses of granite-porphyry in the Xiashan Pb—Zn deposit
o G100 ST HLAE R/ Ma
*Th *U Pb/Pb 1o *7Pb/ U le  *Pb/*U lo P/ U 1o Pb/P*U o
XS-TWIL, 1 KBt

1 302 788 0.38 0.0489  0.0022  0.182 0.008  0.0271 0.0008 169.9 7.0 172.2 4.7
2 543 1271 0.43 0.0495  0.0021 0.189 0.008  0.0277  0.0007 175.7 6.5 176.0 4.7
3 394 1057 0.37 0.0486  0.0022  0.185 0.008  0.0265  0.0007 172.5 6.8 168.7 4.5
4 423 982 0.43 0.0492  0.0022  0.182 0.008  0.0267  0.0007 169.6 6.9 170.0 4.6
5 180 618 0.29 0.0515  0.0031 0.199 0.012  0.0279  0.0008 183.9 102 177.2 4.9
6 591 1338 0.44 0.0499 0.0022  0.181 0.008  0.0263  0.0007 169.1 6.6 167.1 4.5
7 279 498 0.56 0.0455 0.0026  0.167 0.009  0.0266  0.0007 156.5 8.2 169.5 4.6
8 245 803 0.31 0.0532  0.0024  0.194 0.008  0.0265  0.0007 179.9 7.2 168.5 4.5
9 451 1346 0.34 0.0480  0.0020  0.177 0.007  0.0267  0.0007 165.8 6.1 169.8 4.6
10 451 1088 0.41 0.0474  0.0023 0.176 0.008  0.0269  0.0007 164.9 6.8 170.9 4.6
11 309 803 0.39 0.0510  0.0023 0.189 0.008  0.0268  0.0007 175.8 7.0 170.5 4.5
12 269 441 0.61 0.0479  0.0026  0.181 0.010  0.0274  0.0008 168.8 8.2 174.1 4.8
13 270 792 0.34 0.0520  0.0023 0.192 0.008  0.0268  0.0007 178.3 6.9 170.5 4.6
14 360 950 0.38 0.0534 0.0024 0.210 0.009  0.0284  0.0008 193.6 8.0 180.3 4.8
15 471 1224 0.38 0.0548 0.0026  0.210 0.010  0.0278  0.0008 193.9 8.2 177.0 4.7
16 211 676 0.31 0.0524  0.0027  0.202 0.010  0.0280  0.0008 186.5 8.1 177.8 4.7
17 279 439 0.64 0.0547  0.0031 0.207 0.011 0.0277  0.0008 190.9 9.3 176.2 4.9
18 383 922 0.41 0.0530  0.0024  0.202 0.009  0.0269  0.0007 186.7 7.8 171.4 4.6
19 440 1202 0.37 0.0499  0.0020  0.198 0.008  0.0286  0.0008 183.1 6.9 181.9 4.9
20 370 992 0.37 0.0493  0.0022  0.189 0.008  0.0276  0.0008 176.2 7.2 175.6 4.7
21 249 839 0.30 0.0501  0.0025 0.189 0.009  0.0273  0.0008 176.0 7.7 173.8 4.8
22 256 783 0.33 0.0514  0.0024  0.194 0.009  0.0273  0.0007 180.1 7.5 173.9 4.7
23 288 869 0.33 0.0534  0.0025 0.198 0.009  0.0261 0.0007 183.2 7.6 166.0 4.5
24 5730 5614 1.02 0.0524  0.0019  0.198 0.007  0.0273  0.0007 183.5 6.0 173.3 4.6
25 625 1641 0.38 0.0516  0.0021 0.186 0.007  0.0260  0.0007 173.5 6.2 165.6 4.4
26 540 1875 0.29 0.0526  0.0021 0.199 0.008  0.0273  0.0007 184.0 6.5 173.8 4.6
27 754 120 0.63 0.0494 0.0042  0.184 0.014  0.0279  0.0009 171.5 11.9 177.3 54
28 456 1257 0.36 0.0526  0.0024  0.197 0.009  0.0273  0.0007 182.5 7.3 173.9 4.7
29 366 1023 0.36 0.0543  0.0024  0.204 0.009  0.0272  0.0007 188.4 7.3 173.3 4.7
30 427 1426 0.30 0.0530  0.0025 0.205 0.010 0.0278 0.0008 189.0 8.1 176.9 4.8
31 406 1194 0.34 0.0525  0.0022  0.196 0.008  0.0269  0.0007 181.6 7.1 171.2 4.6
32 204 777 0.26 0.0469  0.0022  0.179 0.008  0.0275  0.0008 166.9 7.0 174.7 4.8
33 422 1053 0.40 0.0470  0.0022  0.177 0.008  0.0271 0.0007 165.1 6.9 172.2 4.7
34 288 953 0.30 0.0516  0.0025 0.197 0.009  0.0276  0.0008 182.8 7.7 175.4 4.8
35 517 1393 0.37 0.0517 0.0022  0.196 0.008  0.0273  0.0007 182.0 6.8 173.7 4.6
36 422 1168 0.36 0.0489  0.0020  0.186 0.007  0.0275  0.0007 172.9 6.4 174.7 4.7
37 1199 692 1.73 0.0491  0.0023 0.188 0.009  0.0278  0.0008 174.7 7.7 176.5 4.9
38 338 984 0.34 0.0491  0.0021 0.187 0.008  0.0276  0.0007 174.5 6.7 175.6 4.7
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PR EE 1A S ek 3 LU By 0 2 b B B e
RO . AFTRAL 90~125 Ma i R 11 A%
Y E A A L I (B 5 SCAE, 1999 48R
B FEC, 1999; 352 & 55, 1999; 8 Ay MRAE, 2008,
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2012, 2016; B it %, 2010, 2013, 2014) , {HifEE
AR A BT B AR, AT AR A B 3 L e
HA 173 Ma Z2 4 W 24 Ja il iR, TiiX —
AU S AR AL X EE A R R E 4R
TR B — 2, SR TP AR — 1170~
150 Ma)ki & V- FH (B 52305, 2004) B RS [R] 7R
BN A o IR EE 1 M X R LA FL e L 3 4
WEYEEZ SRR o BRI AR 2
TR F B H R BAFTE 173 Ma 2247 [ -
IR, X R Ly 25 I R BRAR B R
FIFRAT TAE R B o8 B 2R L

6 4% i

(1) 38 24 A B DX o ) e 0 o ) A,
PR YRR 0 IR 25 0 A5 32 X P A8 B BE A 5
e Al R B 5 8 b B A A — 3K

(2) B ILEYER DX BT 4K (< B 5 G A La—
ICP—MS U—Pb 4255 173 Ma, R Z i, J&
M HIA AR A, R LAY B BN
173 MaZi Ay, gL I ARy R AR IR

(3) I RBFFE TAERI AL 1 33 L i e
HRACBAATE 173 Ma Z2 A7 1 ™ S vk, R 1L
M X 7R HA R LR AR VHTRE 2 &R i
W XA LR i — 2T SR R B e IR
FIFRE TAE i B o8 B 2R L,

Bt E A AT RTINS S T H X3 @uld, &
T TAZ i 2 % T FF & 45 B U—Pb 8y UK T 1k,
Bk T T X A B AR HEAT T 3 — B R A A
R R fn kw2t X EH AT T AEF A A
BHRFRERMGERBTERBGEL, Al
—HRTEEMW A

References

Chen Shizhong, Chen Gang, Ma Ming, Zhu Xiaoting, Huang
Zhengqing. 2014. Metallogenic regularity and ore— prospecting
orientation of the Taoxi circular area[J]. Geology in China, 41(5):
1522-1538 (in Chinese with English abstract).

Chen Shizhong, Huang Zhengqing, Zhu Xiaoting, Chen Gang, Ma
Ming. 2013. Magmatism and its mineralization of the main
deposits in Taoxi circular structure in Wuyishan ore belt[J].
Geology in China, 40(5): 1569— 1582 (in Chinese with English
abstract).

Chen Sizhong, Ma Ming, Chen Gang, Zhou Yan, Zhu Xiaoting, Qiu

Jinliang, Mao Jianren. 2010. Taoxi uplift, its tectonics,
magmatism and matallogeny, Wuyi metallogenic belt[J]. Earth
Science, 35(6): 969—984 (in Chinese with EnglishAbstract) .

Di Yongjun, Wu Ganguo, Zhang Da, Yu Xingi, Lin Dongyan, Shi
Jianji, Zang Wenshuan, Zhang Xiangxin, Wang Qunfeng. 2006.
Composition characteristics of pyroxenes from Pb—Zn deposits in
central Fujian Province and their genetic significance[J]. Mineral
Deposits, 25(2):123—134(in Chinese with English abstract).

Ding Jianhua, Fan Jianfu, Yin Jiangning, Liu Yaling. 2016.
Geological Characteristics and mineral resource potential of the
Wauyishan Cu— Pb— Zn polymetallic metallogenic belt[J]. Acta
Geologica Sinica, 90(7):1537—1550(in Chinese with English abstract).

Guo Aimin, Chen Bihe, Chen Jianfeng, Zhou Chao, Si Chengshang,
Zheng Zhengfu. 2017. Zircon SHRIMP U-Pb geochronology of
granitoids from northern Zhuguangshan granitic composite
batholith, Hunan Province[J]. Geology in China, 44(4): 781-792
(in Chinese with English abstract).

He Jian, Li Longming, Lin Shoufa, Xing Guangfu, Jiang Yang, Ren
Shenglian, Li Jiahao, Feng Lamei, Ge Yanpeng. 2018. Petrogenesis
and tectonic attribute of metabasite rocks in the Zhenghe— Dapu
fault zone[J]. Acta Geologica Sinica, 92(5):946— 963(in Chinese
with English abstract).

Hu Ruizhong, Mao Jingwen, Fan Weiming, Hua Renmin, Bi
Xianwu, Zhong Hong, Song Xieyan, Tao Yan. 2010. Some
scientific questions on the intra— continental metallogeny in the
South China continent[J]. Earth Science Frontiers, 17(2):13— 26
(in Chinese with English abstract).

Hua Renmin, Chen Penrong, Zhang Wenlan, Lu Jianjun. 2005. Three
major metallogenic events in Mesozoic in South China[J]. Mineral
Deposits, 24(2):99—107 (in Chinese with English abstract).

Hua Renmin, Mao Jingwen. 1999. A preliminary discussion on the
Mesozoic metallogenic explosion in east China[J]. Mineral
Deposits, 18(4) 300—307(in Chinese with English abstract).

Huang Changqi. 2014. Research on prospecting model and
metallogenic prognosis of Pb—Zn deposit in Pucheng— Youxi area,
Fujian  Province[J].Contributions to Geology and Mineral
Resources Research, 29(4): 480— 488(in Chinese with English
abstract).

Huang Qingmin. 2009. On the Geologic Characteristics and Ore
controlling Factors of Middle and Late Proterozoic Mamianshan
Group Strata in Fujian Province[J].Geology of Fujian, 28(2):81-91
(in Chinese with English abstract).

Li Yanan, Xing Guangfu, Zhou Taofa, Chen Shizhong, Chen
Zhihong, Duan Zheng, Dou Zhijuan, Mai Tingcheng, Xi
Wanwan. 2015. Isochronology study on the Tongpenan Pluton in
the Zhenghe region of Fujian Province and its geological
significance[J]. Journal of Mineralogy and Petrology, 35(1):73—81
(in Chinese with English abstract).

Liu Yongsheng, Hu Zhaochu, Gao Shan, Giinther D, Xu Juan, Gao
Changgui, Chen Haihong. 2008. In situ analysis of major and trace
elements of anhydrous minerals by La—ICP—MS without applying

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



448 ol e

b, J 2020 4F

an internal standard[J]. Chemical Geology, 257, 34-43.

Liu Yongsheng, Gao Shan, Hu Zhaochu, Gao Changgui, Zong
Keqing, Wang Dongbing. 2010a. Continental and oceanic crust
recycling—induced melt—peridotite interactions in the Trans—North
China Orogen: U— Pb dating, Hf isotopes and trace elements in
zircons of mantle xenoliths[J]. Journal of Petrology, 51: 537-571.

Liu Yongsheng, Hu Zhaochu, Zong Keqing, Gao Changgui, Gao
Shan, Xu Juan, Chen Haihong. 2010b. Reappraisement and
refinement of zircon U—Pb isotope and trace element analyses by
La—ICP—MSJJ]. Chinese Science Bulletin, 55(15): 1535—1546.

Ludwig K R. 2003.ISOPLOT 3. 00: A Geochronological Toolkit for
Microsoft Excel[M]. Berkeley: Berkeley Geochronology Center,
California, 1-74.

Mao Jingwen, Hua Renmin, Li Xiaobo. 1999. A preliminary study of
large scale metallogenesis and large clusters of mineral
deposits[J]. Mineral Deposits, 18(4): 291— 299(in Chinese with
English abstract).

Mao Jingwen, Wang Zhiliang. 2000. A preliminary study on time
limits and geodynamic setting of large— scale metallogeny in East
China[J]. Mineral Deposits, 19(4): 289— 296(in Chinese with
English abstract).

Mao Jingwen, Xie Guiqing, Li Xiaofeng, Zhang Changqing, Mei
Yanxiong. 2004. Mesozoic large scale mineralization and multiple
lithospheric extension in South China[J]. Earth Science Frontiers,
11(1):45—55(in Chinese with English abstract).

Mao Jingwen, Xie Guiqing, Li Xiaofeng, Zhang Zuoheng, Wang
Yitian, Wang Zhiliang, Zhao Caisheng, Yang Fuquan, Li
Houmin. 2015. Geodynamic process and metallogeny: History and
present research trend, with a special discussion on continental
accretion and related metallogeny throughout geological history in
South China[J]. Mineral Deposits, 24(3):193—205(in Chinese with
English abstract).

Pei Rongfu, Qiu Xiaoping, Yin Bingchuan, Xiong Qunyao. 1999. The
explosive anomaly of ore— forming processes and superaccumulation of
metals[J]. Mineral Deposits, 18(4): 333— 340(in Chinese with
English abstract).

Shi Liyan, Gao Tianjun. 1996. Study on the mineralizing sequence of
deposits associated with magmatite activity in Fujian Province[J].
Geology of Fujian, 15(1):1—19(in Chinese with English abstract).

Wang Jianchao. 2016. The research on the ore—controlling structure of
Shangshangang gold— silver deposit in Zhenghe, Fujian[J].
Contributions to Geology and Mineral Resources Research, 31(3):
362—-368(in Chinese with English abstract).

Wang Qi, Jiang Yongjian, Yu Haitao, Liu Guochun, Liu Yongli.
2011. Primary halo characteristics and concealed ore body
prognosis in the Nannong lead— zinc polymetallic deposit,
Southwestern Zhejiang Province[J]. Geophysical & Geochemical
Exploration, 35(2):170—175(in Chinese with English abstract).

Wang Shaoxiong. 2003. Relations between Mineral ization, Tectonic
evolution of the lithosphere and composition of the crust—mantle
within Fujian Province[J]. Geology of Fujian, 22(2):89— 100(in

Chinese with English abstract).

Wu Ganguo, Zhang Da, Peng Runmin, Wu Jianshe, Gao Tianjun,
Chen Bailin, Wang Qunfeng, Di Yongjun, Zhang Xiangxin. 2004.
Study on the evolution regularity of mineralization ages in
southeastern China[J]. Earth Science Frontier, 11(1):237—247 (in
Chinese with English abstract).

Wu Kaixing, Hu Ruizhong, Bi Xianwu, Peng Jiantang, Tang Qunli.
2002. Ore lead isotopes as a tracer for ore— forming material
sources: A review[J]. Geology— Geochemistry, 30(3):73— 81(in
Chinese with English abstract).

Wu Yuanbao. Zheng Yongfei. 2004. Genetic mineralogy and trace
element geochemistry of zircon[J]. Chinese Science Bulletin, 49
(16):1589—1604(in Chinese).

Xie Guiqging. 2003. Late Mesozoic Mafic Dikes(Body) from
Southeastern China: Geological and Geochemical Characteristics
and Its Geodynamics—A case of Jiangxi Province[D]. Guiyang:
Institute of Geochemistry, Chinese Academy of Sciences, 1—128
(in Chinese with English abstract).

Yu Xingi, Wu Jianshe, Di Yongjun, Wu Ganguo, Zhang Da. 2006.
Study on the ore ore—controlling effects of the structure in Xiashan
Pb—Zn deposit in Zhenghe County, Fujian Province[C]//Proceedings
of the 8th National Deposit Conference, 628—631(in Chinese).

Yu Xingi, Wu Ganguo, Zhang Da, Di Yongjun, Dai Yanpei, Qiu
Junting. 2008. Thrust nappe structure and its ore— controlling
effects in the North Wuyi area, China[J].Geological Bulletin of
China, 27(10):1667—1677(in Chinese with English abstract).

Zhang Guohua.2009. Metallogenic features and its ore— controling
conditions on lead— znic in northwest fujian[J].Geology of
Chemical Minerals, 31(2):97—104 (in Chinese with English abstract).

Zhang Keyao. 2009. Study on the Metallogenic System and Prognosis
of Cu— Mo Polymetal Deposit in the Pucheng—Ningde
Metallogenic Belt of Fujian[D]. Beijing: China University of
Geosciences(Beijing), 1-90(in Chinese with English abstract).

Zhang Qian, Pan Jiayong. 1994. Souces of ore— forming materials of
the contactmetasomatic Skarn—type Cu—Pb—Zn deposits in special
reference to their lead isotopic composition[J].Acta Mineralogica
Sinica, 14(4):369—372 (in Chinese with English abstract).

Zhang Zhenjie, Zuo Renguang. 2015. Tectonic Evolution of
southwestern Fujian Province and spatial— temporal distribution
regularity of mineral deposits[J]. Acta Petrologica Sinica, 31(1):
217-229(in Chinese with English abstract).

Zhao Xilin, Liu Kai, Mao Jianren, Ye Haimin. 2012. Metallogenesis
of two types of late Early Yanshanian granitoids in South China:
Case studies of south Jiangxi and southwest Fujian[J]. Geology in
China, 39(4): 871—886 (in Chinese with English abstract).

Zhao Xilin, Mao Jianren, Chen Rong, Xu Naizheng. 2008. Zircon
SHRIMP age and their implications of the Zijinshan pluton from
southwestern Fujian Province[J]. Geology in China, 35(4): 590—
597(inChinese with English abstract).

Zhao Xilin, Yu Shengyao, Yu Minggang, Jiang Yang, Liu Kai, Mao

Jianren. 2016. Geological characteristics and metallogenic epochs

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



$47% Fi2

PR 4E AR BRI CRIT S it e 449

of the Dapai Fe—Pb—Zn polymetallic deposit in Yongding County,
Fujian Province[J]. Geology in China, 43(1): 174—187(in Chinese
with English abstract).

Zheng Kaiqi, Zhou Lesheng. 1987. The characterics of trace elements
and genesis of Xiashan Pb—Zn Deposit, Zhenghe, Fujian[J].Jourual
Of Fuzhou University, 2:93—100(in Chinese with English abstract).

Zhou Lesheng, Zheng Kaiqi. 1990. The geological and geochemical
features of stratabound lead— zinc deposits in Fujian Province[J].
Geoscience, 4(1):90—100(in Chinese with English abstract).

Bt F 325 %5 STk

Bttt i, BRI, SHEH, SRAGEE, B0 . 2014, a3 1L s 4 jg Bobkiz
PRI X A R A 5 18] (1], HE LR, 41(5): 15221538,
At AR, IR, AR, BRI, TR . 2013 i 1L S BHR IR
55 G LV A AR RAEAE N FEBR R [J]. Th LR, 40(5):

1569—1582.

ittt B, EhBA, BRI, JEAE, Aol ey, I 4x e, Bad . 2010, s ILK
W HARRREE | AR AZ AT XA 2 4 @ 0 o™ VE I [7]. HhERE
2. 35(6): 969—-984.

BROKEE, S, 5Kk, A0, PRASHE, £ 823, IR, KRR, T
U . 2006. [E] Pt DX HTEEDT RNE A7 B0 53R AiF B e e PR 78 S (7],
B PRHLR, 25(2):123-134.

T e, YRR, FIVETE, XIEES 2016. 543 1L Cu—Pb—Zn 243 8 T,
AT 32 B T b 5 AR AE ST 4 BT (3], ML A4 4R, 90(7):1537—
1550.

PR B, Wi, BREVEE, R, wIRR L, ABIEAR . 2017, FEUAIETIhdk
48 A6 4 5 55 41 SHRIMP U—Pb 4E % B2 22 03 3% 27, v =
Hi ST, 44(4):781-792.

Bk, 2 0e A, M K, TRICHR, 224, (T THE, 250GF, 1, & 4t
5. 2018, BOFN— K H7 W7 28477 oA 728 5 P o PR B ) 36 g 1 AT
R[] B4R, 92(5):946-963.

WIES L, B0, RS, AR, Bk, b, R, BBk 2010.
AETA Bl il A AT 1) — SRl 2 (B D). MR 2%, 17(2):13—
26.

HEfT R, BRI S, 33022, REEEEE 2005, 1M H X AP AR S 3 RO
BERGH 1 F (] 5 PRI, 24(2):99—-107.

AR, BRI, 1999, 338 H EE A R A A QT K K (). B PR
J5T, 18(4):300-307.

HE B 2014, 45 A 0T 9K — 0V Hb DX B RE A R B R i
WI]. MR IE M, 29(4): 480—488.

HE P .2009. 4 7 P — R Tt AR E e LR b SRR IR S VR ).
TR, 28(2):81-91.

2R, TROGAR, JAG e, Wi o, MRAR L, BLER, $5810A, SRAEK, B
A 2015, A EEBOR b DX 4R BRE AL B A AR AR AR A oY S T
MY, 35(1):73-81.

BRI B, DL 1999, IR MU 1E F 5 KA 48
X[T]. 5 PR HLJT, 18(4): 291-299.

S5O, TR R 2000. 1 FEIZRFS AR AL B B S HE B g 2 e i)
WIEARII]. T PR UL, 19(4):289-296.

ESROC, WHEET, 2RI, SR, MR . 2004, AR b IX P AR

KB VE 525 A Rl Z2 B B R (], M 22 A2, 11(1):45-55.

BE, W, ZEE, TRVER, TSR, TR R, BIMHE 5 4,
ZRJERY . 2005, K sh Sy FE Ak S5 s FaT: i s S IR— 3
VA B b DX |l sl A 0 ) R i AE 5 s E R ). R
T, 24(3):193-205.

WHew, BN, Fok)IL, RERESE. 1999, SR VE G & S8 b B4
JEMERII. B ARHLE, 18(4): 333—340.

AL, FRE) 1996 s 5 A TE S XM R R 50
FE[I]. AR, 15(1):1-19.

T . 2016 AT 1111 i 48R0 R WS IF5 (0], s
B, 31(3):362—368.

FIa, Bk, T, XIE R, XA 2011, Wi oG g pe R4 e 2 4
JEY PRI A SRR S B R T[] S AR, 35(2):170-175.

T 430 .2003. A ST TR0 B4 A 1 AL 1S 1 Ak 5 R 1 F 1)
KAR[I]. AT, 22(2):89-100.

S, skak, iR, R, BB, BRI, TR, POKE, ik
FEAT . 2004, A8 T I LAY DR OW B 17 BsF [0 Vil Ak R F 5 (0],
HO2F T2, 11(1):237-247.

SHFR, WA EG L, Sk, s, FERE ). 2002, A B IRl FOR R
T PRI SEA[T]. M b ER L2, 30(3):73-81.

FITCIR, FRIK K. 2004, E5 AR ) 2EWE 5T S HR U—Pb AR i ¢
R0 Bl IR, 49(16):1589—1604.

T . 2003, r 7R B R 6 AR AR LR A S A K (1R ) 174 b I
BRAL SRR B IR B0 0 2 5 R ——LAVL P9 48 R [D]. 52
FH: o R B IR A 25T T, 1-128.

RO, S, POKE, U, ik . 2006. 4@ BORM S LD
XA 5 54 1 L E 9 [C)/58 /i 4 [ T PR 2 18068 S8, 628—
631.

aOite, SR, sRik, 2OKAE, FRHERS, BRUAHE . 2008, Jbak R X i
PR T R et PR I R LA A FE (D). L BE 4z, 27(10):1667—
1677.

FRIEAE 2009, [ P EED B RAIE K S S AT ] AL T
T, 31(2):97-104.

K TESE 2009, Fi EI T AR 5H 22 4 B B FR G A T A
FE[D]. At 5t vp EH K2R, 1-90.

TR L, W K 1994, IR A Y KA 2 &R R0 TR 5
—— LA R ZE A RO AR (0] 273, 14(4):369-372.

SRARAS, 22470 2015, 1] PG R i DX ) 15 38 AL RN PRI 28 43 A1 AL
B, AR, 31(1):217-229.

X T R, XL, B A A 2012, A g L FL DT GG B B P 2 A 1
J RS A A LR e — 3R] VS i DX 49 0. v R, 39
(4): 871-886.

X A bR, B A, R 2R, 7 T . 2008, 18] T4 1 ML IX 48 45 1L A AR B A
SHRIMP EAF M H M5 [T]. I HbJ3, 35(4): 590—-597.

R A PR, ek 58, 4% BH M, 224, XL, B . 201 6. 4 248 i e KRR
YRR 2 &R0 RAFAE S B A B [I]. A [ b SR, 43(1): 174—
187.

B, JE) SR A 1987, 4 A BURUEL LAY (il et o0 R AIE B TR K,
PRI [J]. i N 224 412,2:93-100.

JESRA, FRIFIEE . 1990. A8 )R P BV REDT PR T b BR Ak 27 R AT
HTT[T]. BACHE T ,4(1):90—-100.

http://geochina.cgs.gov.cn H1EHLFT, 2020, 47(2)



