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Abstract Oil-gas reservoirs and metal deposits often co-exist in many sedimentary basins, and their genetic relations have been
paid much attention. The Jinding Zn-Pb deposit, Yunnan, China, is so far the largest Zn-Pb deposit in China, the youngest and only
giant Zn-Pb deposit hosted in continental sedimentary rocks in the world. Bitumen and heavy oil were often observed in the Jinding Zn-
Pb deposit. It has been a subject of debate whether the bitumen formed before or after the Zn-Pb mineralization, making it difficult to
evaluate and the genetic relationship between the bitumen and Zn-Pb mineralization. The bitumen in the Jinding Zn-Pb ores hosted in
the breccia-bearing sandstones and sandy breccias of the Paleocene Yunlong Formation has been dated by the Re-Os method in this
paper, and an isochron age of 68 +5Ma (MSWD =9.2, n=6) has been obtained. Therefore, the oil-gas reservoir in the Jinding ore
district was formed earlier than the Zn-Pb mineralization. The hydrocarbons in the reservoirs may have provided the condition for the
production of reduced sulfur required for Zn-Pb mineralization through thermal chemical reduction of sulfates. The formation of the oil-
gas reservoir and the Zn-Pb deposit may have been a continuous geologic process, and the oil-gas reservoir was one of the basic
conditions of Zn-Pb mineralization in the Jinding ore district. The oil-gas reservoir was destructed by the mineralization process.

Key words Zinc-lead ores hosted in the sandy breccias; Bitumen; Re-Os dating; The Jinding giant Zn-Pb deposit; Lanping,

Yunnan
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Fig. 1
(after Xue et al. , 2002b)

Q-Quaternary ; E,g-Eocene Guolang Formation sandstone and siltstone;

The geological map of the Jinding Zn-Pb ore deposit

E,y-Paleocene Yunlong Formation; E,y"- Lower member of Yunlong
Formation siltstone and mudstone; E;y"- Upper member of Yunlong
Formation breccia and sandstone; K,h-Middel Cretaceous Hutousi

Formation sandstone; K,j-Lower Cretaceous Jingxing Formation
sandstone; J,h-Middle Jurassic Huakaizuo Formation siltstone and
mudstone ; T;m-Upper Triassic Maichuging Formation shale and siltstone ;
T,wl-Upper Triassic Waluba Formation; Tjs-Upper Triassic Sanhedong
Formation limestone; 1-thrust fault; 2-normal fault; 3-indeterminate

fault; 4-geological boundary; S5-unconformit; 6-normal stratigraphic

sequence; 7-reversed stratigraphic sequence; 8-Zn-Pb orebody; 9-
exploratory line and number; Star-sample location and viewpoint of the

bitumen in Zn- and Ph-sulfide minerals
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Re Os Z HEMAN 0 B AL SR RE T RIRR B SR AR S it 2 L A 38
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1564

B2 @I XEsranie 1o & o s e ik b s MBS LA TS (a b) A0 I E I (e d)

Fig.2
bearing Zn- and Pb-sulfide minerals, Jinding
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the bitumen (a, b) in the grilles and the heavy oil (¢, d) in the cavity of breccia-bearing sandstone and sandy breccia

®1 SWHEHT AHFHER Re 0s B RAM S TERYE
Table 1 The analysis results of Re-Os isotopic compositions of the bitumen in the Jinding zinc-lead ores
Re( x107) il 0s( x107) ¥ 0s( x107) 187 Re/ 1 0 187 (/188 0
Feahs HEE(e)
WEME  AsEE  WEHE AWEE WEE AEE WEM AWEE  WEHl  AWEE

JYS-11 0.201 71.30 0.6 0. 1299 0. 0063 0.1164 0.0112 2651 131 6. 886 0.739
JYS-1 0.200 131.9 1.2 0. 1027 0. 0023 0. 1424 0.0013 6208 148 10. 66 0.23
JBC-19 0.207 542.8 6.5 1.027 0. 008 0. 9646 0. 0084 2553 37 7.219 0. 042
JYS-2 0.200 404. 4 4.6 0. 0487 0. 0036 0. 3094 0. 0030 40085 3013 48. 80 3.62
JYS-3 0.204 340.9 5.1 0.0583 0.0010 0.2727 0. 0026 28233 656 35.93 0.62
JYS4 0. 143 89.31 0.81 0. 1161 0.011 0.1028 0.001 3715 360 6. 802 0. 657

TE - i [ G S B O A, 20T 5 R T A 223 s RIZEIRTE S B Os, IV B A2 G 40 3 Re, 78 HR-element2-1CP-MS 58 % Re ,Os

I3z 28 2 AL 43 BT

FEorHTRE R R IR 2 . AR A (P {E Re
4pg, Tl Os 7 0.3pg, " Os 47 0. 03pg, =5 [IAHKTEER: H1 Re |
Os i, AT LLZBE AT, Wi FEdh b Re (& BE7E 71,30 x
1072 ~404.4 x 107° 2 [a], 5@ Os 1" Os 14 4 5K
0.0487 x 10™° ~ 1.027 x 10™° 1 0.1028 x 10™° ~ 0. 9646
x107°,

ST FEBRAL I £ Th I 5 1 Re  Os [RI 28 41 o3
B4 (1) i isoplot 44 (Ludwig, 2003) 4b B, 3545 4 T

H Re-Os R Z 4014 (B 3) 4 H 68 +5Ma, "™ 05/ 0s
WIHEE R 4 £1,MSWD =9. 2,

5 g

DBUE PR LR Z S g AR R JFOR A 5. 7K Re
TESE AT T LL ReO, IR AT AE IR, 45 50 1048 5 T e
AU DURE L AR SRS, g7 ReO, ™ il J5U 4R



M FE. THETR KA L45 R F Re-Os i) 4 B0 i 7% 3L 1565

60 +
7}
S 40l
B
o
20 +
Age=68+5Ma
Inital ""Os/"™0s=4+1
. , , MSWD=9.2 )
0 T T T T T
0 10000 20000 30000 40000 50000
187Re/1880S

K3 ST 1D I ) Re-Os S5If2L
Fig.3 The Re-Os isochron of the bitumen in the Jinding

zinc-lead ores

MEVE i B9 ZH 0 B A WL B ( Bruland , 1983 ) o i 7K 1 Os 7E
FALSAET LA HOsO, B RAFTE IR R, 5 T8 5 i 7E
RIFFREET , LI sh AR 55 RN B A7 TE , I TE & A L
B JE UL 5 o, S M A 1Y Os 834 Ji 5 4 ( Peucker-
Ehrenbrink and Ravizza,2000 ; Yoshiro et al. ,2007) . H T Re.
Os TEE AL E A e 5, I Hx s g G LR Y s
T THBEOL JFE L, Re-Os [R37 28 14 R AE 45 (O 17 5 47 6 4]
P, i Re-Os [F]32 28 M40 22 300 4F A5 200 1 7 A AL 5T b 5
B

MICA RO TUR BTIEs 5 A LB A8 1 %
oE RTETURIN S AR, A7 BILBTRE WM | & S K TP Y Re
Os TR , ORI B LR H 1 Re-Os [Al7 RAK R B AT
MRt e s R R Re-Os [RIALZR AR I Sz e i) 2 PR 65 ZR I AL
RIS IER'™ Os/™ Os J2 1 (4 J2 B8 5 255 28 T AL IS 3 7K Y
WOs/ MOl U I G R OA RTE—E &M
2R i AR A AR A AR TR, AT R AR e TR
7% BIAEA LR E E R e B Os [F 47 R ik 2
A7, Re-Os R 2 1A F2 22 1 8 FIE B H I (25855 ,2010) 5
AEXT TS R XA LR i B E SR A LT, Re A1 Os
T AR PR IR) 6 2R 8 7 , Re-Os [R) (o 3R AR i 10 S Y 2 )
Ba IR 28 B 5B P 19 AR 11 ( Creaser et al. ,2002) ,
TG 0/ Os H5/R F 1WA AU H 5 ( Selby et al. ,2005)

WA EA AL A R ER AL 2B AT T, L B A
VB, b =85 = AT 4L (Tys) B BT K 4 0 22 40 55 4l
(Tym) B JBTe & 2 2RI (B B4, 1989a; £ KB Aok
10,2003 ;5 R A F5K 4 55, 20035 AHE AR, 2004 5 75 K 545,
2008a; BEAF 4145 ,2007a, 2009) o 43 T X 25 4 4 Bl AH &
BRED A bR, BAR KPR Z Mk L =& 5 =61 A
(Tys) BRIBUR 5 M)A (Tym) SR BT A, B — & 14k
FERE T AEWFTEIN S 4 TS R A a7 ARt 8 6 K
WA TR —REB B FENE RN (Xue e d.,

2007 c; R K E A5 ,2008a; BE A 2845 ,2009) o AR YRER X 4 T
X BTG = ARG AL Ak & SR 5 D B 5 A A%
oSBT, Re-Os 15045 %5 I 2R 47 % 68 + 5Ma, Nt 3%
JERARIZ RS & = e d] N & 4L G B, B AR IR 22 FE
A M2 TR BUE B A — B, =2 3 45 B A= A il
AATRR 32 5 2 b v e B I 1) ) ER VBT 58 7 A AR DA ok
5881 TG ST I A VR AT OGS A TR B B R 1Y)
HRBE (FHUHESE 1990 ; B 4055, 2002b; Xue et al. ,2004) ,
S ERRECA AR LB R T R A, 2P
FH TG B LTI P A3 A, 2 e L RS A
WOBRA U 205 B X R AR T e N el s, B R 28
PRI HLIT TN R 3Bia R A, B A 3 b A 21 T AR &
B R AL B VR o

AR A5 75 B it BT AR 1y Tl AR A 2 L B
Gz e R & TR AL 7 K DL = e 4L il <% )2
R A, KR E NSRS A (A A,
1985 ; Ry [ 152 2 7R , 1989 5 #1142 , 1989b s FHIUMESF , 1990 ;
BEAF 2045 ,2002b; Chi et al. ,2007) , Sz Wi <R 56 T 45 4
REH™ o AT YA ML B R 6 B P 27 8 7 A K
B A SR B AL DU TE BEAE T 3 R Ak 2 ) 5 L Al ( Xue
et al. ,2003,2006,2007c ; &5 7K 5245 ,2008b ) , 7 1] HE UL FLIT WG
ZEMNBER A & T SR 4 8 3 F 5 5k S Pl 4 P R
T BB AL ) K TTVE T L™ (Xue et al. ,2006,2007c;
PR LA ,2009) A R S YR TR AT BE R S R E S &
ik pIESuy

6 4k

G TR R BLAT PR L B 4 = e 21 3 WD 5 Fb ik e R
EHBH AP IIT Y Re-0s R ZAF I 68 +5Ma, f5 /1
T Il USRI

G T I UROE BT R, S T A BB A A AL A
0, K2R I EAT i PR3l A R £ 12 BE AT B ™ P
AL A B AT

TSRS BRSO A 25 P 4 T X AR AT g — G
J5 R AR B SR B A SR PR B, A B B A T
TR A BB

Bugt il R R AR R GRS S Ak
FAR /N ARG SR B A A AR R A AR TP Y
ISR B 5 4 ) SORE s RO X Sl fd iy TR E B
UURS S N Fl e o S {0 400 SRR (e D O R L (DR 3
IR

References

Bai JF, Wang CH and Na RX. 1985. Geological characteristics of the



1566

Jinding lead-zinc deposit in Yunnan with a special discussion on its
genesis. Mineral Deposits, 4 (1): 1 =9 (in Chinese with English
abstract)

Bartrick L and Andrew P. 1997. Organic matter in hydrothermal
deposits. In: Hubest BL (ed. ). Geochemistry of Hydrothermal Ore
Deposits. 3™ Edition. SL; John Wiley and Sons Inc. , 613 — 645

Bruland KW. 1983. Trace
Oceanography. London: Academic Press, 157 —220

Chang XC and Zhang JL. 2003. Geochemical characteristics of oil in
Jinding lead-zinc and its implication. Special Oil and Gas
Reservoirs, 10(5) : 15 =19 (in Chinese with English abstract)

Chi GX, Savard MM and Heroux Y. 1995. Constraints from fluid
inclusion data on the origin of the Jubilee carbonate-hosted Zn-Ph

elements in seawater.  Chemical

deposit, Cape Breton, Nova Scotia. The Canadian Mineralogist, 33 :
709 -721

Chi GX, Xue CJ, Lai JQ and Qing HR. 2007. Sand injection and
liquefaction structures of an over-pressured fluid system and
implications for mineralization. Economic Geology, 102: 739 —743

Creaser RA, Sannigrahi P and Chacko T. 2002. Further evaluation of the
Re-0s geochronometer in organic-rich sedimentary rocks: A test of
hydrocarbon maturation effects in the Exshaw formation, Western
Canada sedimentary basin. Geochimica et Cosmochimica Acta, 66
(19) : 3441 -3452

Dianar JR and Sureau JF. 1990. Organic matter in ore genesis: Process
and perspectives. Org. Geochem. , 16: 577 —599

Disnar JR. 1996. A comparision of mineralization histories for two MVT
deposits, Treves and Malines ( Causses basin, France), based on
the geochemistry of associated organic matter. Ore Geology Reviews,
11; 133 -156

Du AD, He HL and Yin NW. 1994. A study on the rhenium-osmium
geochronometry of molybdenites. Acta Geologica Sinica, 68 (4):
339 -347(in Chinese with English abstract)

Fallick AE, Ashton JH, Boyce AJ, Ellam RM and Russell MJ. 2001.
Bacteria were responsible for the magnitude of the world-class
hydrothermal base metal sulfide orebody at Navan, Ireland.
Economic Geology, 96: 85 — 890

Fu XG. 2004. Discussion on biogenic and organic mineralization of the
Jinding Pb-Zn deposit. Resources Survey & Environment, 25(3) :
184 — 189 (in Chinese with English abstract)

Gao GL. 1989. Review of geological origin about Jinding lead-zinc ore
deposit. Earth Science, 14(5) : 468 —475(in Chinese with English
abstract )

Gao YB, Xue CJ and Zeng R. 2008a. Geochemistry of the organic matter
in the Jinding Zn-Pb deposit, Lanping, NW-Yunnan, China.
Geochimica, 37(3) ; 223 —232(in Chinese with English abstract)

Gao YB, Xue CJ, Zeng R. 2008b. Forming mechanism of H,S in the
Jinding Pb-Zn deposit, Lanping Basin, Northwest Yunnan Province.
Journal of Earth Sciences and Environment, 30(4): 367 —372(in
Chinese with English abstract)

Gu XX, Zhang YM, Li BH, Xue CJ, Dong SY, Fu SH, Cheng WB, Liu
L and Wu CY. 2010. The coupling relationship between
metallization and hydrocarbon accumulation in sedimentary basins.
Earth Science Frontiers, 17(2) : 83 — 105 (in Chinese with English
abstract )

Gusfkiewicz MS and Kwiecinska B. 2001. Organic matter in the Upper
Silesian ( Mississippi  Valley-type ) Zn-Pb deposits, Poland.
Economic Geology, 97(4) : 981 -992

Hu MA. 1989a. Hydrothermal maturation of indigenous organic matters
and their significance in the metallogenic processes of the Jinding
lead-zinc deposit, Yunnan Province. Earth Science, 14(5): 503 —
512 (in Chinese with English abstract)

Hu MA. 1989b. A preliminary evaluation of the mineralization and their
characteristics on the karst-type lead-zinc deposit by the emplification
of Jinding, Yunnan Province. Earth Science, 14(5) : 531 =538 (in
Chinese with English abstract)

Kyle JK and Li N. 2002. Jinding: A giant Tertiary sandstone-hosted Zn-
Pb deposit, Yunnan, China. SEG Newsletter, 50; 8 - 16

Li C, Qu W] and Du AD. 2009. Comprehensive study on extraction of

Acta Petrologica Sinica %% %3 2012, 28(5)

thenium with acetone in Re-Os isotopic dating. Rock & Mineral
Analysis, 28(3) : 233 —238(in Chinese with English abstract)

Li C, Qu WJ, Wang DH, Chen ZH and Du AD. 2010. Advances in the
study of the Re-Os isotopic system of organic-rich samples. Acta
Petrologica et Mineralogica, 29 (4): 421 - 430 (in Chinese with
English abstract)

Li C, Qu W], Wang DH, Chen ZH and Du AD. 2011. Experimental
research of Re-Os isotope system for Bitumen Samples. Rock &
Mineral Analysis, 30 (6): 688 — 694 (in Chinese with English
abstract )

Ludwig KR. 2003. Users manual for Isoplot 3.00: A geochronological
toolkit for Microsoft Excel. Berkeley Geochronology Center, Special
Publication, (4): 25 -32

Pangenberg JE and Macko SA. 1998. Organic geochemistry of the San
Vicente zinc-lead district, eastern Pucara basin, Peru. Chemical
Geology, 149. 1 -23

Peucker-Ehrenbrink B and Ravizza G. 2000. The marine osmium isotope
record. Terra Nova, 12; 205 -219

Selby D, Creasera RA and Dewing K. 2005. Evaluation of bitumenas a
187 Re-187 g
andmigration; A test case from the Polaris MVT deposit, Canada.
Earth and Planetary Science Letters, 235 1 - 15

Sicree AA and Barnes HL. 1996. Upper Mississippi Valley district ore
fluid model: The role of organic complexes. Ore Geology Reviews,
11,105 -131

Southam G and Saunders JA. 2005. The geomicrobiology of ore deposit.
Economic Geology, 100: 1067 — 1084

Spangenberg JE, Fonbote L and Macko SA. 1999. An evaluation of the

inorganic and organic geochemistry of the San Vicente Mississippi

geochronometer ~ for  hydrocarbon ~ maturation

Valley-type zinc-lead district, central Peru: Implications for ore fluid
composition, mixing processes and sulfate reduction. Economic
Geology, 94 1067 - 1092

Ulrich T, Gunther D and Heinnch CA. 1999. Gold concentrations of
magmatic brines and the metal budget of porphyry copper deposits.
Nature, 399 676 — 679

Wang CM, Deng J, Zhang ST, Xue CJ, Yang LQ, Wang QF and Sun X.
2010. Sediment-hosted Ph-Zn deposits in southwest Sanjiang Tethys
and Kiangdian area on the western margin of Yangtze Craton. Acta
Geologica Sinica, 84(6) . 1428 - 1438

Wang DR and Zhang K. 2003. The Nature of Containing Oil Gas in the
Cenozoic Basin, Yunnan. Beijing: Geological Publishing Houses,
62 — 117 (in Chinese with English abstract)

Wang JB and Li CY. 1991. REE geochemistry of the Jinding super large
Pb-Zn deposit. Geochimica, 19 (4): 359 - 365 (in Chinese with
English abstract)

Wu GG and Wu XD. 1989. A preliminary study on the tectonic evolution
and mineralization regularity of the Jinding lead-zinc deposit,
Yunnan Province. Earth Science, 14 (5): 477 — 486 (in Chinese
with English abstract)

Xie SC, Yin HF and Wang HM. 1997. The biological marker compound
of fluid inclusions in Qixiashan polymetal deposit. Chinese Science
Bulletin, 42(12); 1312 - 1314 (in Chinese)

Xue CJ, Wang DH, Chen YC, Yang JM and Yang WG. 2000. Helium,
argon, and xenon isotopic compositions of ore-forming fluids in
Jinding-Baiyangping polymetallic ~deposits, Yunnan, Southwest
China. Acta Geologica Sinica, 74(3) : 521 - 528

Xue CJ, Chen YH, Yang JM Wang DH and Xu J. 2002a. The CO,-rich
and hydrocarbon-bearing ore-forming fluid and their metallogenic role
in the Lanping Pb-Zn-Ag-Cu ore-field, north-western Yunnan. Acta
Geologica Sinica, 76 (2): 102 — 116 (in Chinese with English
abstract)

Xue CJ ,Chen YC and Yang JM. 2002b. Jinding Ph-Zn deposit: Geology
and geochemistry. Mineral Deposits, 21(3) : 270 =277 (in Chinese
with English abstract)

Xue CJ, Chen YC, Wang DH, Yang JM, Yang WG and Zeng R. 2003.
Geology and isotopic composition of helium, neon, xenon and
metallogenic age of the Jinding and Baiyangping ore deposits,
northwest Yunnan, China. Science in China ( Series D), 46(8):



BRTFE mHe

789 - 800

Xue CJ, Liu SW, Chen YC, Zeng R and Zhao SH. 2004. Giant mineral
deposits and their geodynamic setting in the Lanping basin, Yunnan,
China. Acta Geologica Sinica, 78(2) : 368 —-374

Xue CJ, Chi GX, Chen YC, Wang DH and Qing HR. 2006. Two fluid
systems in the Lanping basin, Yunnan, China: Their interaction and
implications for mineralization. Journal of Geochemical Exploration,
89 436 —439

Xue CJ, Gao YB, Zeng R, Chi GX and Qing HR. 2007a. Organic
petrography and geochemistry of the giant Jinding deposit, Lanping
basin, northwestern Yunnan, China. Acta Petrologica Sinica, 23
(11): 2889 —2900(in Chinese with English abstract)

Xue CJ, Chi GX, Chen YC, Zeng R, Gao YB and Qing HR. 2007b.
Fluid dynamic processes of large-scale mineralization in the Lanping
basin, Yunnan, SW-China;
basin fluid modeling. Earth Science Frontiers, 14 (5) :
(in Chinese with English abstract)

Xue CJ, Zeng R, Liu SW, Chi GX and Qing HR. 2007c. Geologic,
fluid inclusion and isotopic characteristics of the Jinding Zn-Pb

Evidence from fluid inclusions and
147 - 157

deposit, western Yunnan, China: A review. Ore Geology Reviews,
31: 337 -359

Xue CJ, Gao YB, Chi GX and Leach DL. 2009. Possible former oil-gas
reservoir in the giant Jinding Pb-Zn deposit, Lanping, NW-Yunnan:
The role in the ore accumulation. Journal of Earth Sciences and
Environment, 31(3): 221 =229 (in Chinese with English abstract)

Yin HF, Zhang WH and Zhang ZJ. 1999. The Biometallogenesis System.
Wuhan: China University of Geosciences Press, 1 —58 (in Chinese
with English abstract)

Yin HH, Fan WM and Lin G. 1990. The deep factor of geodepression
basin evolution and the mineralization of crust-mantle mixing in
Lanping-Simao, Yunnan. Geotectonica et Metallogenia, 14(2) : 113
—124(in Chinese with English abstract)

Yoshiro Y, Yoshio T and Hiromitsu H. 2007. Comparison of reductive
accumulation of Re and Os in seawater-sediment systems.
Geochimica et Cosmochimica Acta, 71 3458 — 3475

Zhao XY. 1989. On the genesis of the Jinding lead-zinc ore deposit in
Yunnan. Earth Science, 14(5) ; 523 =530 (in Chinese with English
abstract )

Zhu DC, Zhu LD, Lin L, Xiong YZ, Pang CY and Fu XG. 2003.
Organic mineralization of lead-zinc deposits in Devonian System,
Xicheng ore field. Earth Science, 28 (2): 201 — 208 (in Chinese
with English abstract)

Bt H 325 5 3Lk
FIF sy, TR, 91540 1985. %[ﬁ%ﬁ%ﬁ%ﬂfﬁi&ﬁﬁ%ﬁ&ﬁilﬁ

VIR WRMIR, 4(1): 1 -

WHAR, KA. 2003, £ T4 mrcwm&mz FRAE S LR S
A, 10(5): 15-19

K22, L3, BT 0. 1994, WEAFE™ 1 k-4 7] (57 22 i AR I )
FENT ST, HUFRAAR, 68(4) : 339 -347

fHERR. 2004. 4 TETEED IRAE YA HURD B0, BRI 505,
25(3): 184 - 189

PN 1989, iS4 TOATEED IR Y i )
-475

KA, BEFRAD, B, 2008a. JHPHAL L PP 4 AR IRA ML 5
HiBRfb2E. shER k%, 37(3) 0 223 -232

FKE, BEAA, o8, 2008b. P4 TR LY W TR IL R

- HUERRLA, 14(5) - 468

TRAE K AV 454% 57 ) & Re-Os &M 5 B 3 i &

1567

RO, HLBRBLE S5 IREE 224, 30(4) : 367 -372

R, T, 2R, AL, EM L, AT, BRSO, X1,
SRR, 2010, PURL AL 4B T S i A ROR RS K R
HZEETZE, 17(2) : 83 - 105

HHAZE. 1989a. G HLIT Y HIR A FIAE 2 ma 4 DU R0 IROE ik
R L. HhEREL2, 14(5) : 503 =512

HHAZZ. 1989b. IS AR BT PRI AL 1E L — D=
M T R A HBkELE, 14(5) : 531 537

ZEME, JE SO, PRI, 2009. k- IR 07 352 AR ik v TR R A UK
IRV, A9 M, 28(3) : 233 -238

ZEH, JESCR, BT, R, M. 2010, B AA AL RE
Re-Os RV # Ik R R IR, A AT Y¥LE, 29(4): 421
-430

ZERE, SR, TBLL, BRMHE, FZ2ih. 2011, i Re-Os [Alf %
SYHESERRAFTE. AT I, 30(6) :688 —694

TRBE, TRPT. 2003, = FEML O A A M A A, dET: M
R, 62 117

FRM, 2. 1991. 4T K B4 g R
HERIEE, 19(4) ; 359 - 365

R, R, 1989, R4 TUEYEED R & AL e fb s JE
A BB, 14(5) : 477 -486

WAL, BOMAE, EL4M. 1997, Mg L 248 IR ik
A bR A ). Bl , 42(12) 1312 - 1314

BEBRLC, BRI, AR, EBL, M. 2002a. T 2 SRA R4
BUHSIRE CO, i AR MR L. HFi2Edk, 76(2) :
244 -253

PR, BRI, R, 2002b. S TREYEET AR b
FRHLT, 21(3) : 270 =277

R, WK, 5%, Chi GX and Qing HR. 2007a. 4L =314
M4 TOURE K AL IR A AL A AR 4 Fl Bk AL . & A 2% i), 23
(11) ; 2889 —2900

&L, Chi GX, BRI, &2, @7k 5, Qing HR. 2007b. Fim =
V22 B A TR ™ (1 R 30 77 25 R —— I A G S A R 7
IR ARBIIESE . M2 AT2%,14(5) : 147 - 157

BEAL, MKE, Chi GX, Leach DL. 2009. JEPHL 24 0 Al GEAY
AT B B R BT I VE . BRI B R
31(3): 221 =229

FHOUNE, JERFE, ARAT. 1990. Z B %3-S0 i 205 b 3 A 1 VR 35
HELE—TF 8 & E/H. R 5%, 14(2):
113 124

BEMSAR, BROSCHE, TR, 1999, AEMRTT ARG, R E ML
KA, 1-58

BANTT. 1989. A& DUV IR E ST, HuBkEl2E, 14(5): 523
-530

KR, BRI, AR, BEAHE, PEHi, fHEAR. 2003, PUALH™ Mk
TR IR AN VEF. HbERE4, 28(2) : 201 -208

REE Hi1 5k 1k 4 F 5% .

SERfesA. B




