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(1.

Abstract: The Sandaomingshui deposit, located at the western part of the Beishan district, is a recently discovered

medium-sized Cu-Zn deposit. Aim to understand its genesis type and controlling factors, geological characteristic of

the Sandaomingshui Cu-Zn deposit is studied in this paper. According to the alteration features, mineral assembla-

ges and crosscutting relationships, the mineralization and alteration process have be divided into the early- (stage

I'), middle- (stage II') and late-mineralization (stage Il ) stages. The early-mineralization stage is characterized

by the occurring of pyrite+chalcopyrite tsphalerite and pyrite-sphalerite £ chalcopyrite veins, and disseminated py-

rite-chalcopyrite-sphalerite assemblage, with chloritexsericite alteration occurred in wall rocks, which are similar to

VMS-type deposits. The middle-mineralization stage, main mineralization stage, is marked by phyllic alteration and

chalcopyrite-pyrite-sphalerite assemblage, in which Cu-Zn-rich minerals (chalcopyrite and sphalerite) occurred during
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ductile deformation .

The late-mineralization stage is featured by the quartz+chalcopyrite +molybdenite +pyrite and

calcite veins, with unconspicuous alteration, which were hosted by open fractures. According to the alteration and

mineralization features of the Sandaomingshui Cu-Zn deposit and regional mineralization characteristics, Cu-Zn min-

eralization of the Stage I was likely VMS-type. The stage Il Cu-Zn mineralization overprinted on the stage I and

formed the major Cu-Zn orebodies of the Sandaomingshui, which was controlled by ductile shear zones. The stage

Il Cu-Mo mineralization superposed on the earlier Cu-Zn mineralization.

Key words: Beishan district; Sandaomingshui Cu-Zn deposit; VMS-mineralization; hydrothermal-modification
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Fig. 5 Representative hand specimen photographs and photomicrographs of the early stage of the Sandaomingshui Cu-Zn deposit
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a—quartz-pyrite-chlorite-sphalerite vein in volcanic rocks; b—pyrite-sphalerite vein; c—disseminated pyrite-sphalerite-chalcopyrite-chlorite

assemblage (reflected light) ; d—Cu-Zn mineralization of the early stage with chlorite alteration (plane polarized light) ; Qtz—quartz;

Chl—chlorite; Py—pyrite; Sp—sphalerite; Ccp—chalcopyrite
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Fig. 6 Representative hand specimen photographs and photomicrographs of the middle and late stages of the Sandaomingshui
Cu-Zn deposit
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a—pyrite-chalcopyrite-sphalerite assemblage distributed along the schistosities of phyllic rocks ( middle stage) ; b—pyrite-sericite-quartz altered vol-
canic rocks, and disseminated sphalerite distributed along the schistosities of phyllic rocks ( middle stage) ; c—epidote-magnetite-chlorite-calcite as-
semblage in wall rocks ( middle stage; crossed-polarized light) ; d—directional distributed quartz-sericite-pyrite-chalcopyrite-sphalerite assemblage
(middle stage; reflected light) ; e—quartz-chalcopyrite-sphalerite assemblage of the middle stage altered pyrite of the early stage (reflected light) ;
f—quartz vein cutting the epidote volcanic rocks (middle stage; crossed-polarized light) ; g—calcite vein (late stage) cutting the epidote altered vol-
canic rocks (middle stage; crossed-polarized light) ; h—quartz-chalcopyrite-molybdenite vein of the late stage; Py—pyrite; Ser—sericite; Sp—sphal-
erite; Qtz—quartz; Ccp—-chalcopyrite; Ep—epidote; Cal—calcite; Mo—molybdenite; Chl—chlorite
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(R (T 7a) o

FERCH BT, =38 KR Cu-Zn B LI
TN RAMZf | X R0 2 R A K PR
Frid (A B 1l s ) 8547 U-Pb [R5 Z4E I 430. 9+
4.7 Ma(WBETESE, 2016%) IXIALFBAIAR L HILIX 2
BIRARHC AN R A (BT LR ) 454 U-Pb [FfL
AR N 436, 0£2. 9 Ma (3B E 5%, 20169) FER
RN R — B R AR A (kLA )
BEA7 U-Ph R ZRAEHE Jy 447. 928, 4 Ma (36 6 1645,
2016%) AN BRI T KA BEREA KA 2
Rb-Sr ZEIFZRAEHS y 415~ 408 Ma ( FARR, 1998)
X I 5 2 B U2 S 2 M )2 A T B s B Sy 1 B g i
MR, BT AR, VMS BT RS 5 k
LI 1 20 T R R B (B R 555, 2010) , HHULHE
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Table 1 Comparison of the characteristics of the Sandaomingshui deposit with the typical VMS deposits
in the CAOB
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Table 2 Comparison of the characteristics of representative deposits in the Beishan

IR N2 RE—1l RE—1l e /NI L =IEMK (P
B Ff Cu W-Sn Z4& 87" WA Au Mo Cu-Zn
FE Rl KA KA Rl K R
AR 5 B - e A £ 355 Ma #5510 Ma 2 365 Ma #4220 Ma 5 B - Jfe A
FIIEA SEER, DEAHIN BT RN Tk KIKAR TR BBk R Bk AR
s iy sastteay PRI o gy gy g

WA fAEt,

fEfl R £ AL

A P B HHH L REAL

HICHL SR |

B A S AR mUCHE i s IRERAL BRI b w1k, mPCAl gaatk, e
REfL IR B e ST A itk
EZ DU Wl | 2012 akEIISE, 2014 FRUEEAE, 2002b R 2013, TARESE, 2014 A

AL, 2002b) , X IREILILZ G40 T 5 R
SR WA B e AR R 5 5 B R AR SRV £ M P Uk
JA - —ty RIS R S R (RS
S, 2013) , A7 5 WA A i AR B &
I, FEANMEIRG X, f776 3 I fEH, 3 1
Cu #4653 515 3 WIB I 85 UIFE S UM G, o e fe
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45 2016%) AN UESRAL KL (415 ~409 Ma; TAK
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WL, 2016%) AR K4 (361. 7520. 97 Ma;
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WHIE AR R (S e %%, 2016%) . fER L
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365 Ma ZJ5, WRESH X J5 WA HAE A G,
5 5B

(1) =IEBHIK Cu-Zn & RAGTHAR K44k ] LK)
Sy R 38, RS VMS BRI )
PESTUIME FHOK S T B PIR S, MR S R
TP A, Cu-Zn B AL F BT T,

(2) —=IEWKE RS 0T BT e B Bl it
B 75 B8 5 R A Ak R BB R BT M A B B e A
t, ML T BEIE BT 365 Ma LS .

@ %L e, XK, BSCHE. 2016, IS REASEDUNR 1:5 J7 XIS B AR



5 6 1] AR JEIlHIX =

SEHIJK Cu-Zn & R HLF

SR LB R B R ¢ 1151

i ARAATAZE S ASRAFHMA=E
KA E R LB ARSE T IR TAER T, e kA T
HIZE T AE TR RS E R R FTAENE BEL T
MO AR R B 2R 89 A B P B M R A R R R AT
AT &R R AT IZA KRR B 8 5 2 R L85
HRBETEXBAOEN,; TAHRIFE T PERR
ﬂ%%%ﬁﬁ%m%m%ﬁ&véﬁﬁﬁiﬁﬁﬁ;
FHFERARLRE T EROBERERL,; £—5F
KT R

References

Chen Chao, Xiu Di, Pan Zhilong, et al. 2017. Early Paleozoic crustal

extensional tectonic regime in the central part of Beishan orogenic

belt; New evidence from geochronology and geochemistry of gabbro
in Shibanjing[ J]. Acta Geologica Sinica, 91(8): 1 661~1 673(in
Chinese with English abstract) .

Dai Shuang, Fang Xiaomin, Zhang Xiang, et al. 2003. Island arc north
of the Tarim-SK plate the geology and geochemistry of Gongpoquan
Group[ J]. Journal of Lanzhou University ( Natural Sciences), 39
(4): 80~88(in Chinese with English abstract).

Dai Shuang, Ren Yuzhi, Cheng Yu, et al. 2002. The ore-bearing por-

phyry at island-arc in the Gongpoquan copper deposit, its geology

and geochemistry[ J ]. Journal of Lanzhou University ( Natural Sci-

ences) , 38(5): 100~ 107 (in Chinese with English abstract) .

He Shiping, Ren Bingshen, Yao Wenguang, et al. 2002. The division of
tectonic units of Beishan area, Gansu-Inner Mongolia[ J]. North-

western Geology, 35(4): 30 ~ 40 (in Chinese with English ab-
stract) .

Hou Qingye, Wang Zhong, Liu Jinbao, et al. 2012. Geochemistry char-
acteristics and SHRIMP dating of Yueyashan ophiolite in Beishan
orogen[ J]. Geoscience, 26(5): 1 008 ~1 018 (in Chinese with
English abstract).

Hu Xinzhuo, Zhao Guochun, Hu Xinyue, et al. 2015. Geological charac-
teristics, formation epoch and geotectonic significance of the Yueyas-
han ophiolitic tectonic mélange in Beishan area, Inner Mongolia
[J]. Geological Bulletin of China, 34(2~3); 425~436(in Chi-
nese with English abstract) .

Huang Jianhan, Chen Huayong, Han Jinsheng, et al. 2016. Spacial and
temporal characteristics of mineralization and alteration zonation of

the Honghai VMS Cu-Zn deposit in the Kalatag District, East Tians-

han, NW China[ J]. Geochemica, 45(6): 582 ~600(in Chinese

with English abstract).

Jiang Hanbing, Yang Hequn, Dong Fuchen, et al. 2012. Division of

metallogenic unit in the East Tianshan-Beishan area[ J]. Northwest-

ern Geology, 45(3) : 1~11(in Chinese with English abstract).

Li Xiangmin, Yu Jiyuan, Wang Guoqiang, et al. 2012. Geochronology of
Jijitaizi ophiolite in Beishan area, Gansu Province, and its geolog-
ical significance[ J]. Geological Bulletin of China, 31(12): 2 025
~2 031 (in Chinese with English abstract) .

Liu Xueya and Wang Quan. 1995. Tectonic evolution of the Beishan oro-
genic belt in western China[ J]. Geoscientific Research, 28 37~38
(in Chinese with English abstract) .

Lii Bo, Yang Yueqing, Meng Guixiang, et al. 2011. Geochemical char-

acteristics and petrogenesis of Donggiyishan alkali feldspar granite,

Inner Mongolia[ J]. Acta Petrologica et Mineralogica, 30(3);: 543
~552(in Chinese with English abstract).

Lydon J. 1988. Ore deposit models #14. Volcanogenic massive sulphide

deposits Part 2; Genetic models[ J]. Geoscience Canada, 15(1):
43~65.

Mao Jingwen, Zhou Zhenhua, Wu Guang, et al. 2013. Metallogenic reg-
ularity and minerogenetic series of ore deposits in Inner Mongolia and
adjacent areas[ J]. Mineral Deposits, 32(4) ; 715~729(in Chinese
with English abstract).

Mao Qigui, Fang Tonghui, Wang Jingbin, et al. 2010. Geochronology

studies of the Early Paleozoic Honghai massive sulfide and its geolog-

ical significance in Kalatage area, eastern Tianshan Mountain[ J].

Acta Petrologica Sinica, 26(10): 3 017 ~3 026 (in Chinese with
English abstract).

Mao Qigui, Wang Jingbin, Fang Tonghui, et al. 2015. Lead and sulfur i-
sotope studies of sulfides from Honghai VMS-type deposit in Kalatage
ore belt of eastern Tianshan Mountains[ J]. Mineral Deposits, 34
(4): 730~744(in Chinese with English abstract).

Mossakovskii A A, Ruzhentsev S V, Samygin S G, et al. 1993. Central

Asian Foldbelt; Geodynamic evolution and formation history [ J ].
Geotektonika, 6; 3~32(in Russian).

Nie Fengjun, Jiang Sihong, Bai daming, et al. 2002a. Metallogenic Regulari-
ty and Prospecting Direction of Metal Deposits in Beishan Area[ M ].
Beijing: Geological Publishing House, 118~259(in Chinese).

Nie Fengjun, Jiang Sihong, Liu Yan, et al. 2002b. Sm-Nd isotopic dat-
ing of fluorite seperates from Donggiyishan fluorite deposit, Alxa,
Western Inner Mongolia[ J]. Mineral Deposits, 21(1): 10~15(in
Chinese with English abstract) .

Sengor A M C and Natal’'In B A. 1996. Turkic-type orogeny and its role in

the making of the continental crust[ J]. Annual Review of Earth and



1152 F=

PR N 7/ B /S

5 40 %

Planetary Sciences, 24, 263 ~337.

Song Dongfang, Xiao Wenjiao, Han Chunming, et al. 2017. Geochrono-
logical and geochemical study of gneiss-schist complexes and associ-
ated granitoids, Beishan Orogen, southern Altaids [ J]. Internation-
al Geology Review, 55(14) . 1 705~1 727.

Song Dongfang, Xiao Wenjiao, Windley Brian F, et al. 2016. Metamor-
phic complexes in accretionary orogens: Insights from the Beishan
collage, southern Central Asian Orogenic Belt[ J]. Tectonophysics,
688 135~147.

Song Taizhong, Wang Jin, Lin Hai, et al. 2008. The geological features
of opiolites of Xiaohuangshan in Beishan area, Inner Mongolia[ J].
Northwestern Geology, 41(3) : 55~63(in Chinese with English ab-
stract ) .

Tian Zhonghua, Xiao Wenjiao and Windley B F. 2014. Structure, age
and tectonic development of the Huoshishan-Niujuanzi ophiolitic
mélange, Beishan, southernmost Altaids [ J]. Gondwana Research,
25(2): 820~841.

Tian Zhonghua, Xiao Wenjiao and Windley B F. 2017. Carboniferous rif-
ted arcs leading to an archipelago of multiple arcs in the Beishan-
Tianshan orogenic collages ( NW China) [ J]. International Journal
of Earth Sciences, 106(7) : 2 319~2 342.

Wang Dawei, Zou Zhiping and Li Shaoxiong. 1995. On the ore-forming
geological features and ore deposit genesis of Gongpoquan copper de-
posit, Gansu province[ J]. Northwest Geoscience, 16(1): 116 ~
122(in Chinese with English abstract).

Wang Fuquan. 1998. The Rb-Sr isochron ages of whole rock and its tecto-
no-metallogenetic meaning of the volcanic rocks in the second mining
area of the Gongpoquan copper deposit [ J]. Geotectonica et Metal-
logenia, 22; 23~27 (in Chinese with English abstract) .

Wang Jichun, Xiao Rongge, Wang Jingfan, et al. 2014. The metallogenic
type of the Xiaohulishan molybdenum polymetallic ore deposit in the
Beishan area, Inner Mongolia and prospecting direction [ J]. Geolo-
gy and Exploration, 50(5) : 921~931(in Chinese with English ab-
stract) .

Wang Lishe, Yang Jianguo, Wang Yuxi, et al. 2009. Isotopic dating of
basalt from Gongpoquan Group in Yingmaotuo area of the Beishan
Mountain, Gansu Province, and its geological significance [ J ].
Earth Science, 30 (3): 363 ~ 368 (in Chinese with English ab-
stract ) .

Wang Shengdong. 2017. Reconstruction of Paleozoic Ocean Plate Stratig-
raphy in the Middle Beishan Area, Gansu Province[ D]. Wuhan;
China University of Geosciences, 1~ 155(in Chinese with English

abstract ) .

Windley B F, Alexeiev D, Xiao W J, et al. 2007. Tectonic models for
accretion of the Central Asian Orogenic Belt[ J]. Journal of the Geo-
logical Society, 164 31~47.

Xiao Wenjiao, Mao Qigui, Windley Brian F, et al. 2010. Paleozoic mul-
tiple accretionary and collisional processes of the Beishan orogenic
collage[ J]. American Journal of Science, 310; 1 553~1 594.

Yang Fuquan, Geng, Xinxia, Wang Rui, et al. 2018. A synthesis of
mineralization styles and geodynamic settings of the Paleozoic and
Mesozoic metallic ore deposits in the Altay Mountains, NW China
[J]. Journal of Asian Earth Sciences, 159 233 ~258.

Yang Fuquan, Geng Xinxia, Wu Feng, et al. 2021. VMS deposits in the
northern Xinjiang: Geological characteristics and metallogeny [ J].
Earthe Science, Doi: 10. 3799/dqkx. 2021. 118 (in Chinese with
English abstract) .

Yang Fuquan, Mao Jingwen, Bierlein F P, et al. 2009. A review of the
geological characteristics and geodynamic mechanisms of Late Paleo-
zoic epithermal gold deposits in North Xinjiang, China[J]. Ore Ge-
ology Reviews, 35;: 217~234.

Yang Hequn, Li Ying, Li Wenming, et al. 2008. General discussion on
metallogenetic tectonic setting of Beishan mountain, Northwestern
China[ J]. Northwestern Geology, 41( 1) ; 26~32 (in Chinese with
English abstract) .

Yang Hequn, Li Ying, Yang Jianguo, et al. 2006. Main metallogenic
characteristics in the Beishan orogen[J]. Northwestern Geology, 39
(2): 78~96(in Chinese with English abstract).

Yang Hequn, Li Ying, Zhao Guobin, et al. 2010. Character and struc-
tural attribute of the Beishan ophiolite, Northwestern China [ J].
Northwestern Geology, 43(1) : 26~36(in Chinese with English ab-
stract) .

Yang Hui. 2012. Metallogenic Environment and Discussion on Genetic
Type of Gongpoquan Copper Deposit, in Beishan Area, Gansu Prov-
ince[ D]. Xi’an: Chang’an University (in Chinese with English ab-
stract ) .

Yang Yueqing, Lii Bo, Meng Guixiang, et al. 2013. Geochemistry,
SHRIMP zircon U-Pb dating and formation environment of Dongqiy-
ishan granite, Inner Mongolia[ J]. Acta Geoscientica Sinica, 34
(2): 163~175(in Chinese with English abstract) .

Ye Tianzhu, Wei Changshan and Wang Yuwang. 2017. Theory and Meth-
od of Prospecting Prediction in Exploration Area[ M]. Beijing: Geo-
logical Publishing House, 140~ 141(in Chinese).

Yu Mingjie, Mao Qigui, Fang Tonghui, et al. 2014. Geochemical charac-
teristics, zircon U-Ph ages and Hf isotopic characteristics of the ore-

bearing porphyry in the Gongpoquan copper deposit [ J]. Geology



5 6 1] AR JEIlHIX =

EHAK Cu-Zn B PR Hb T ERAE

B AR 1 R 045 1153

and Exploration, 50 (1) 145~ 155 (in Chinese with English ab-
stract) .

Zhang Farong and Niu Maosheng. 2003. Divisions and basic features of
the metallogenic belts in Beishan area of Gansu Province[ J]. Acta
Geologica Gansu, 12(1): 50 ~57 (in Chinese with English ab-
stract ) .

Zhang Huan, Wang Hui, Pan Zhilong, et al. 2021. Geochronological

constraints and deformation of the western section of Shibanjing duc-

tile shear zone in Beishan, Inner Mongolia[ J|. Geological Bulletin
of China, 40(6): 930~941(in Chinese with English abstract).

Zhang Shanming, Wang Tingyuan, Zhang Hua, et al. 2014. Ore-control-
ling factors and geological features of the W-Sn polymetallic ore de-
posits in East Qiyi Shan, Inner Mongolia[ J]. Geology and Explora-
tion, 50(6): 1 038~1 049(in Chinese with English abstract).

Zhang Ying. 2012. Geological and Geochemical Characteristics and Min-
eralization of Gongpoquan Copper in Beishan, Gansu[ D]. Xi’an:
Chang’an University (in Chinese with English abstract).

Zhang Yulian, Xu Rongke, Shan Liang, et al. 2012. Rock-forming and
ore-forming ages of the Xiaohulishan molybdenum deposit in Beishan
area, Inner Mongolia[ J]. Geological Bulletin of China, 31(2~3) .
469 ~475(in Chinese with English abstract) .

Zhao Yun, Xue Chunji, Zhao Xiaobo, et al. 2016. Origin of anomalously
Ni-rich parental magmas and genesis of the Huangshannan Ni-Cu
sulfide deposit, Central Asian Orogenic Belt, Northwestern China
[J]. Ore Geology Reviews, 77; 57~71.

Zheng Rongguo, Wu Tairan and Zhang Wen, et al. 2013. Late Paleozoic
subduction system in the southern Central Asian Orogenic Belt: Evi-
dences from geochronology and geochemistry of the Xiaohuangshan
ophiolite in the Beishan orogenic belt[ J]. Journal of Asian Earth
Sciences, 62: 463 ~475.

Zhu Jiang, Lii Xinbiao, Mo Yalong, et al. 2013. Ore genesis of the Shi-
jinpo gold deposit in Gansu province, NW China; **Ar/* Ar dating,
ore-forming fluid and H-O-S isotopes constrains [ J]. Journal of Jilin
University ( Earth Science Edition) , 43(2); 427 ~439(in Chinese
with English abstract) .

Zuo Guochao and He Guoqi. 1990. Beishan Plate Tectonics and Metallo-

genic Regularity[ M ]. Beijing: Peking University Press, 2~7(in
Chinese) .

Zuo Guochao, Liu Yike and Liu Chunyan. 2003. Framework and evolu-
tion of the tectonic structure in Beishan area across Gansu province,
Xinjiang Autonomous Region and Inner Mongolia Autonomous Re-
gion[ J]. 12(1): 2~16(in Chinese with

Acta Geologica Gansu,

English abstract) .

Bt e 32 2% STk

Mk, &, W, 45 2017, dbilak iy o R AR AU R
PRSP« 2he B AT B S A 4R AR 2 B M Bk AL # IR [ ],

Fi2EH, 91(8) . 1 661~1 673.

WO, Ji/ME, sk B, 4R 2003 38 BUOK-rREIELIL G B 2
A B IRAE K LI Hb T b BR AL R b 3 R SC[ ] 22 MR
M HARFHERR) , 39(4) : 80~88.

WO, TEE, B Bk, 5 2002, AUEIRATE SRS B A H
BALAERFAEL )], 22 MR A ( A SRR T) , 38(5) ¢ 100~
107.

S, AT REE, B30, 5. 2002, H A IS b X 4 i BT
R4rLT]. PadLHRT, 35(4) : 30~40.

B, OB, XA, % 2012, dbil A F Il g Rk
fiE X SHRIMP 4 J]. B H 5

BIEH, RER, BIE, . 20150 MSEE ALK A s R
P TR 2 A R AR I AR B R M 7 3 ST . o
i, 34(2~3) . 425~436.

i, BREE, Shal, 4 2016, FEARIIFRIEHLIE VMS
B BT RINAE S5 AR 25 Sr AR RHIE [T ], HuBR{ES:, 45(6) : 582
~600.

FIEUK, HARE, HAER, 45, 2012, RRIN-JCIL X R o581 5
[J]. PadtHfsE, 45(3) .

ZmE, KHE, LEM, 4. 2012, Bl X K 6 Fiests
LA-ICP-MS #5417 U-Pb I 4F K 4 B8 L[ J]. i@ 4k, 31
(12) : 2 025~2 031.

o ] P 3 b L e LY 14 R A 3 S L A
[J]. Hb22A5T, 28 37~38.

B, &, wORE, L 2011 S AL — LK AR R A
HERALFAACFAA [J]. BETYFEAE, 30(3) : 543~552.

TR, FAYRAE, 7T, £ 2013, NS AR RIS L S
B RSN [1]. WRME, 32(4): 715~729.

TS, RN, FRM, 45 2010. RRIFHIEHE R AL
HOIRBE ALY 0 RS 0 5 47 T Ho B [T ], & A 2F 4, 26
(10) ; 3 017~3 026.

TR, Fole, TR, . 2015, RRIRRIERT LM VMS

,26(5): 1 008~1018.

1~11.

XTI, £ %5 1995.

IR S \Pb [EAL R MIRALZAWIGE (], B IR, 34(4): 730
~744.

A, TGS, AR, %5, 2002a. dbiLs X &8 R B I X
HHIEIM]. Absg. MU R, 118~259.

SXZE, R, X WE, 4. 2002b. FTRIEEAR L — LKA R



1154

fi 9

2
¥R &

5 40 %

A

A G- RV R AR SR L)), BRHLBT, 21(1) : 10~
15.

REEH, T OB, MM 2008, PISETIG L XN 1L b
FROELT]. PHLHBRT, 41(3): 55~63.

TARA, AR, 2. 1995, HR A BERED BB 1R AR B
RIEHE[J]. PEbH iR, 16(1) : 116~122.

FARIRE. 1998, A BSR4 X K LA 1425 Rb-Sr S5 RAF 4 K
HAE -y )], KAl 52, 22 23~27.

TR, HoEN, T, 4 2014, JILHUX /MR A2 48 FRAL
WA SR i [T]. M S I, 50(5) : 921~931.

TEarst, B, TE, %, 2009. HAACLE B8N SR B
A T R A R AR L[], R4, 30(3) : 363
~368.

FREMR. 2017, H AL AR DX iy A AR AR e st 2 5 s
FB[D]. BB PEMTTR, 1~155.

Ve d, ke, ih g, 25 2021, FFEEALEE VMS 6 R R K
R T]. HERELF, hips://kns. cnki. net/kems/ detail /42.
1874. P. 20210830. 1330. 008. html.

WaHE, 25 ¥, 2530, %5 2008, bR R SRS ], P
bR, 41(1) : 26~32.

AR, 2 W, MpEE, 4 2006, b L LA G FEAS BT RRAE
[J]. FEdbHf, 39(2) . 78~96.

WA, 2 %, RORE, % 2010, bl S REAE KA i R
[J]. FEdLHf, 43(1) : 26~36.

B W 2012, HORAC LA BRI R FREE BT R R 28 AR
[D]. Pi%: KER¥.

Wi, B M, SWOEE, . 20130 S AL — LR A ER Tk

% B5 41 SHRIMP U-Pb 4F#% KA ATE RS4RI [ 1], b3k
112, 34(2) : 163~175.

R BRI, TR 2017, A K& BN IS S5 5% [ M].
Jemt: M AL, 140~ 141,

FWIZA, BIESE, R, 4. 2014, HAALE R KRS0 RS K
HeERILZAFAE 47 U-Ph 4RI M HE [RISEZRRIERFTE (1], M)
SEIE, 50(1) ; 145~155.

kKA, AYIHE. 2003, HH G L XS R o BEEARRAE T ].
HR R, 12(1) : 50~57.

ok, EOE, WS, & 2021, WEEEILILHK G BT 5T
DI PG BASTR AR S AR I 29 ()] M FTi 4, 40(6) : 930~
941.

W ERERE, A, 4 2014 NEHR LIS L LR
PRACHFFAE S48 R M [ 1], HBTS B, 50(6) : 1038~
1.049.

3R 2012, HFRIG I EE A A Bt BR AL 2 RRAE SV B
D], W% KRERH.

RIS, VPR, B 52, ZF 20120 ISR HEIX N ICE L AR
HESIHT Re-Os 4F % Fl LA-ICP-MS #5 47 U-Pb 4E 4 [ J]. /R
2, 31(2~3) : 469~475.

g, B, HW ok, % 2013 HARSRSTIRRA. k
B A/ Ar SEAE R LA K H-0-S Ff ZiEdE [ T]. Sk
SR (HBRBIERR) , 43(2) : 427~439.

ZEBEs), fTE R, 1990. dbilAHAgE R e A M. db5t. dbat
R, 2~7.

ZEER], XOSCRE, XIFE#E. 2003, H T S0 L Hb DX 3 4 SR K 3 Ak
[J]. BB, 12(1) : 2~16.



