1000-0569,/2012/028 (01 ) -0302-18 Acta Petrologica Sinica % % 54k

AtEEEZFHKRBBENEF- N FHET KT
AR BLE HLEI BRI

Zi FHUT R Ex A’ RKFRT mEsAT g
LI Qiang' , MENG XiangYuan®, WU Feng®, WANG LiSheng” , ZHANG ZhiXin'~*, YANG FuQuan' ** and LIU Feng'

L AP s SR A BB 7 BRI FE AT, [ 1 BT il 4 ) 5 B UEPP A S T A S 30 2, b st 100037

- IR TR R A BB, Il 063004

- R B BERT S A S S M BT T BT BT IR L, BB OARSE 830011

. MLR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing
100037, China

2. No.5 Geological Party of the Hebei Bureau of Geology, Tangshan 063004, China

—_ N

3. Xinjiang Research Center for Mineral Resources, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China
2011-10-08 A A%, 2011-12-03 # = .

Li Q, Meng XY, Wu F, Wang LS, Zhang ZX, Yang FQ and Liu F. 2012. Ore-forming fluids and metallogenetic
mechanism of Sibozi-Liubozi molybdenum-copper deposit in Qinglong County, Hebei Province. Acta Petrologica Sinica, 28
(1):302 -318

Abstract Sibozi-Liubozi molybdenum-copper deposit in Qinglong County is located in the east of Yanliao metallogenic belt, which
is a newly-discovered medium-sized molybdenum-copper deposit. Molybdenite occurs in veinlets, stockwork, disseminated and
membrane in the skarn hosted in quartz sandstone and dolomite, Changcheng System. The molybdenum mineralization is closely related
with silicification. Ore bodies occur as bedded-like, vein and lenticular. On the basis of field evidence and petrographic analysis, the
ore-forming process can be divided into two mineralization periods: skarn and quartz-sulfide. The quartz-sulfide period represents the
main molybdenum-copper mineralization episode in the Sibozi-Liubozi deposit. Inclusions of the skarn period are dominantly fluid
inclusions, while inclusions in quartz of the quartz-sulfide period mostly contain liquid inclusions, CO, bearing three-phase inclusions
and pure CO, phase inclusions. Ore-forming fluids of skarn period are NaCl-H,O system, the homogenization temperatures and
salinities vary from 192 to 497°C and from 5.41% to 16.53% equivalent respectively while the densities range from 0. 59 to 0. 92¢g/
em’. Ore-forming fluids of quartz-sulfide period are NaCl-H,0-CO, ( + CH,/N,) type of fluids, the homogenization temperatures and
salinities vary mainly from 160 to 330°C and from 2.07% to 15.17% equivalent respectively while the densities range from 0. 69 to
1.01g/cm’. The 6" Ogyoy values of quartz in the ore vein range from 9. 6%o to 14%o with corresponding BIXOHzo values of —3.61%o to
5.30%o and 8D values of fluid inclusions between —128%0 and —80%c. The isotopic data imply that the ore-forming fluids of Sibozi-
Liubozi molybdenum-copper deposit have the characteristic of mixing magmatic and meteoric water. The 8*S values of sulfide range
from —0.9%o to 5. 7%o with an average of 2. 9%o, indicating that the sulfur in the fluids was derived from deep-seated magma. The
Sibozi-Liubozi molybdenum-copper deposit took place in the earlier times of Early Jurassic, with its metallogenesis related to the late
granite porphyry magma hydrothermal activity.

Key words Fluid inclusions; Stable isotopic; Ore-forming fluids; Metallogenetic mechanism; Molybdenum-copper deposit; Sibozi-
Liubozi
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Fig. 1  Sketch geological map of Sibozi-Liubozi Mo-Cu deposit

1-gravel of Quaternary; 2-volcanics of Jurassic System; 3-sedimentary rocks of Cambrian System; 4-sedimentary rocks of Proterozoic Era;
5-metamorphic rocks of Archaean Era; 6-granite; 7-porphyritic granite; 8-quartz porphyry; 9-syenite porphyry; 10-diorite; 11-fault;12-the location of

figure 2
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Fig.2  Geological map of Sibozi-Liubozi Mo-Cu deposit

1-proluvium of Quaternary; 2-calymmian marmorized dolomite, clayish dolomite with chert and dolomite of the third segment from Gaoyuzhuang
Formation ; 3-calymmian manganese sandstone, siltstone of the second segment from Gaoyuzhuang Formation; 4-calymmian manganese dolomite with
nodular chert, zebra dolomite with chert and dolomicrite of the first segment from Gaoyuzhuang Formation; 5-calymmian fine sandstone and siltstone of
the second segment from Dahongyu Formation; 6-calymmian quartz sandstone of the first segment from Dahongyu Formation; 7-amphilobized

plagiogneiss of Qianxi Group; 8-granite-porphyry; 9-monzogranite; 10-mineralized body; 11-fault; 12-age of plutons
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Fig. 3
Sibozi-liubozi Mo-Cu deposit

Cross-section of No. 32 prospecting line at the
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Fig. 4 Metallization features in Sibozi-liubozi Mo-Cu deposit

(a)-filmy molybdenite in fracture; (b )-molybdenite in vein; ( c)-disseminated molybdenite occurs in metamorphic quartz sandstone; (d)-
disseminated, automorphic and hypautomorphic pyrite occurs in metamorphic quartz sandstone; ( e)-scalelike molybdenite is metasomatized by pyrite

in quartz vein; (f)-molybdenite in veinlet occurs in quartz vein and it is metasomatized by chalcopyrite
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Fig.5 Characteristics of wall rock alteration in Sibozi-Liubozi Mo-Cu deposit
( a) -zebraic diopside occurs in fine-grained sandstone; (b) epldote skarn; (c¢)-tremolite skarn; (d)-cholrite skarn; (e)-K-feldspar veinlet occur:

n
fracture in diopside fine sandstone; (f ) -disseminated "hornblende in quartz sandstone; (g) —calcite in vein occurs in tremolite fine- grained sandstone

(h) -dolomite of serpentinization
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Inclusion types and characteristics of the Sibozi-Liubozi Mo-Cu deposit
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Fig. 6 Sequence of minerals’ formation
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+2%o, i LA VCDT ki, J3ks &~ +0. 2%0( Mao et al.
2002, 2008) ,

ZR R IE ASHLDIR S5 R A4 A, 5 AR B A A i
TEWRAT YA W, AFE T SR 54 e g R 2R
e HRRAE LR 7 AR 2,

iy (Rl OR RN SUNDRITUNTRE NI A YRR LN
R CO, M B FHE T YaER, Wika
BRI 5% ~30% , FHEH K 10% ~20% , 25 2 A HL )
AR A SR BR, Tl 2 ~ 8pumy, 1%L R 53 A1 B
i, AT, H S H AR B AR

SR 1 R DN A P R AR AR AR AL B 1Ay 32, /b
HEHRITH YRR, B RAHNPR KR B
FIHEIELR , KAl 2 ~20pum 2505 7 vh IR BE AR SR HE 5%
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Fig. 7 Photomicrographs of fluid inclusions from the Sibozi-Liubozi Mo-Cu deposit

(a)-liquid inclusion (or two-phase vapor-liquid inclusions) in diopside; (b)-liquid inclusion in diopside; (c¢)-daughter mineral-bearing inclusion in

epidote; (d)-liquid inclusion in epidote; (e)-vapor inclusion in tremolite; (f)-liquid inclusion in tremolite; (g)-CO,-type inclusion in quartz;

(h)-liquid CO,-type inclusion in quartz; (1) -liquid inclusion in quartz

~15% 5 3 4 47 VR L S PR SR L 5% ~ 40% , £ B 1
10% ~20% |

T R B R, A RO G R CO, B
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e aEik . LB B SR AT, L 5% ~
30% , EEAT 5% ~20% A —FIGA . (L HE 0k KA
AT 2 ~ 20pm B TR A KR 20T I AR A
IR MK A i 2, WRE A, 3 5 LM 2K
BRI, B CO, IFTIASEPR 1 ST CO, 41, <
WL 5% ~20% , EFH 10% ~20% , (L3RI 25 R KL
IR ST RIBEIFLR, K/ 3 ~8um, T LA 2 4
FAEAT S 5 Ak CO, f AR KITE . & CO, =
MBIV Vo, Lo, B Lo SHILUR, CO, HEITARLE 508
Jy10% ~80% R4, S F— MBI €O, 4 CO, i
AT, H643 BTV o, A1 L) , SRR £ 5= 4

AERTEE I ARNPIR A S0k MRREDRSE KBk 4 ~ Tum,
AR
4.1.2 ZHRRLER

TRy A=A B B 19 @A h AR IR 2R iR s 4
—IREARET 192 ~447°C o 4 MBI R — R >
550°C , FEAELE 260 ~340°C , WA 2 330°C , DK TH SR I EE
AT -12.6 ~ —4.6°C, I FH VK S AR VR KOS -3h B C R
2 (Bodnar et al. ,1983) , BRI EE R 7.31% ~
16.53% NaCleqv,I&{E R 7.5% F110% (18 8) . FHF A
584 B — I B2 F0 L B AE NaCl-H,0 R R 1Y T-w-p #H A
(Bodnar et al. |, 1983) I, #1588 E 47 0. 68 ~0. 92g/cm’

IR bR AR B Bt 14 A3 N A P R A R AL R 52 4 38—
BIEA AT 235 ~497°C, R FLAE P 7E 280 ~ 340°C, I {H
290°C . PKARTHRIREEARAL T - 6.8 ~ = 3.3°C, A AFHAKM
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Fig. 8 Histograms of homogenization temperature and salinity for the fluid inclusions of Sibozi-Liubozi Mo-Cu deposit

ERRE R 5.41% ~10.24% NaCleqv, (&K 7% F19.5% (&
8) , B H 0. 65 ~0.88g/cm’ ,

8 AR A R AR WA AR 8 A — IR B AR Ak T 287
~443°C , EFAELE 280 ~ 340°C , W {E Ky 310°C . K ST 26
REZAT 5.3 ~ -4.0C, AEBRAENEER 6.45% ~
8.28% NaCleqv, W& {H 5 6.5% (& 8), % & & 0.59 ~
0.78g/cm’

XA SE-wR AL A e 108 AN FE A IR AL AR AT T
AN, S8 43— IR AR,y 151 ~472°C, F B4
F 160 ~330°C , VKRB AL F - 11.2 ~ - 1.2C , 2
BB L B N 2.07% ~ 15.17% NaCleqv, 7£ 5. 5% Fil
13. 5% 4b I {E (18] 8) . A 1535 A H 0.69 ~1.01g/cm’

XA s 24 A JEASAH CO, BB IREAT T 0 3
R 17 AR CO, BIFHEZEIR T CO, A IR
—64.6 ~ —63.9C X F CO, =HH i ( -56.6°C) , FHFIk
B HER CO, Sb, I T BEAEAE CH, (N, (H,S FI SO, 5 ik
(Burruss et al. , 1981; j5 345 2004) , HEAK % /08 F7
HE—2 SR IE . CO, e —RE AT -15.0 ~

25.1C, FEEPLFE 15 ~18C (K 9),

7 UFE WO CO, = AR Z IR AW i B AL T - 64. 8
~ —64.6°C, 5 CO, PIAHELEARAA L, CO, BIRALS Wi
IR 1.5 ~5. 6°C R HIEI AL & W) i AL IR B AN L B 1
K ZRF(Collins et al. , 1979) , K151y CO, B AREL B H
8.03% ~13.82% , CO, Mot —IRE R 8.0 ~24.4C (A
9)o 3 MALEEARTE 58 2 1 — H R 2L, 4B IR B AE 297 ~
441°C , Ik R 2L B R BOMH Y T2 21—, 7 Ah 4 A4
CO, U ASE 21— IR B AE T 200 ~335°C , Hivp 2 M2k
¥ —3 S

4.2 BERMEWR

18 PRS0 R4 R 407 28 T 45 SR 9 26 3. 18 fF A7 ey
SDgyow AL L FEIH K, Ky — 128%0 ~ — 66%0, 44 —93. 6%,
8 Ogyon THAS LR /N, K 8. T%0 ~ 14%0, -2 10. 9%o. fli FH A
HE-IK 38 75 2 1000Ine =3.38 x 10°T 2 —3.40 ( Clayton et
al. , 1972) FF]—#E & A B R R — R P 1,
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Table 3 Hydrogen and oxygen isotopic data of the quartz from the Sibozi-Liubozi Mo-Cu deposit
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J?% (=SR2 SRR 5Dvrsm(>w(%o) 318 OV-SMOW(%”) {EJ}{( C) 518 OHZO(%O)
1 SBZ-ZK601-12 Aok -76 8.7 226 -1.5
2 SBZ-ZK601-20 Ak -78 10.0 235 0.3
3 SBZ-ZK601-25 VEERD B ik -128 14.0 242 4.7
4 SBZ-ZK601-30 Ak -91 10.2 228 0.1
5 SBZ-ZK601-33 WEEH ™ 1 B ik -89 10.0 194 -2.1
6 SBZ-ZK601-45 B ik -123 12.6 249 3.6
7 SBZ-ZK601-48 TR A Pk -122 10.5 212 -0.5
8 SBZ-ZK601-50 Ak -122 10. 1 181 -2.9
9 SBZ-ZK602-2 FEEA 1 BE ik -86 12.2 234 2.5
10 SBZ-ZK602-3 WEERD A B ik -99 10.7 303 3.9
11 SBZ-ZK602-5 FEARH A1 9 ik - 101 11.0 248 2.0
12 SBZ-7ZK602-6 W Ak -88 10.0 228 -0.1
13 SBZ-ZK1202-5 MR A B ik -80 12.2 249 3.2
14 SBZ-ZK1202-6 WEERD G B ik -66 9.9 184 -2.9
15 SBZ-7K1202-9 WA A Pk -89 9.6 177 -3.7
16 SBZ-ZK1202-10 WEARH 4 5 Ik -79 11.1 231 1.2
17 SBZ-ZK1202-13 WEERH A S ik -91 13.0 278 5.3
18 SBZ-ZK1202-15 FEARH A1 96 ik -77 10.2 218 -0.4
F4 MEF-NEFHEAT KTEALEAK
Table 4  Sulfur isotopic data of the Sibozi-Liubozi Mo-Cu deposit N
_ - i 6 N €0,= 413 2% 14 §
75 S W5 X 5 5S(%o) SR 43 Y — 5

1 SBZ-ZK601-18 Y 2.8 5 [ COL7# Hl 1, 3%

2 SBZ-ZK601-19 LR 1.9 T 4 56 4 I — ik N

3 SBZ-ZK601-23 HRkH 3.4 <+

4 SBZ-ZK601-39 R 5.1 § 3

5 SBZ-ZK601-40 H k- 5.1 §

6 SBZ-ZK601-41 Wk 5.7 2 r N

7 SBZ-ZK602-2 T 3.9

8 SBZ-ZK60149 G ~0.9 L H H

9 SBZ-ZK1202-14 Jr R 3.1 0 [ | |

10 SBZ-7K601-29 AR 1.9 -18 -12 -6 0 6 12 18 24
11 SBZ-ZK601-37 A 1.9 CO3— 3 i (1C)

12 SBZ-ZK601-51 AT 2.8

13 SBZ-7K1202-13 4 1.0 B9 kT~ THMT A3 CO, ks —1

L FE AR 1 8" Oy fH h = 3.7%0 ~ 5.3%0, F- 3 K
0. 7%o,

13 BRI BR R R RS R TR 4, 7 k1
8"S N 1.9%0 ~ 5. T%0, F-34 1 3. 98%o; 4 EHEARH 1) 6™S Ny
1. 0%0 ~2. 8%0 , SE-30 1. 9%o0; 1 3G HIH 19 87*S Ky — 0. 9%o;
1 555 19 8% S 2 3. 1%o,

5 Wig

5.1 RERA R

Mao et al. (2003 ,2005 ) ¥53 L Iy B AR IX A AR e 1
JH 53 8 = AU, 53 514200 ~ 160Ma, ~ 140Ma Fil ~
120Ma = MUEH] . MEIL SR A D 2 2 B R A 5

JEH I
Fig. 9

Histogram of CO, inclusions homogenization

temperatures of Sibozi-Liubozi Mo-Cu deposit

BT AR ST 2RI, LR AT % R B A Y R AR — B, B
BRI 3 . ~225Ma. ~ 185Ma. ~ 140Ma ({0 %2342,
2006) , FH—WI A R I =S, ARSI T T (FE4EE
" Re-Os 4E 44K 237. TMa, X435 ,2008 ) FIski& ] FiH &0
(5 &R A S ko 47 5% Ar-" Ar AR ISl 217Ma, 2542 5
86,2002) AR BN R BAR D LI B
AW 2 R AT (HE S Re-Os 4F #% 70 5| o4 189Ma
186. 5Ma, B HLZESE 1996 ) B &5 1 140 (FE4H 5™ Re-Os 47 %
7 183Ma, 5K 55 ,2009) S5 AR . A =W R B
HEE, DR S SRR (405 Re-Os 4R 448 140Ma, Bt i 5
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Fig. 10 Diagram of homogenization temperatures versus salinity of fluid inclusions from the skarn period (a) and quartz-sulfide

period (b) in the Sibozi-Liubozi Mo-Cu deposit

85,2007) KERMA RIEHT NFIEE () 5 FF T8
WA 5 AR R (5™ Re-Os 4R % 4 51 4 144.7 ~

Ptk -5 T R R AEAC 2 R SRR L 5 1
AR AR RRIE DA X, B X ik FREER R
B B %4 LA-ICP-MS % 77 U-Pb 4E #% {5 4> 3 4 189.77 =
0.73Ma 1 196.35 + 0. 8Ma ( Z580 %5 2012) , 5 ¥ 40 7 4F i
(194 1 Ma, 5530k %) AW B , R SCA o i8R
PRB R (196 ~ 190Ma) , DUk F-75 8k FARH 0T s sl s
AR B T AT 4 ~ 185Ma (W 2 , 2% B H ok gk
THIETT b X BB 342 AT 3 R 40 4 R 35 2 B9 4

5.2 R RAMHEREERL
5.2.1 ®m &8

B A B BB A P R SE ety — IR AL T
192 ~447°C , = drAE 260 ~ 340°C , 3 431 BE {4 52 4 ¥ —
&R T 550°C , B /R B0 A S0 W IR T8 B e R B AR R o
DRSS R R W DX R RS R 2 B Bl 4Ky e - il -
b B (7.31% ~ 16.53% NaCleqv) . ' [ 25 B (0. 68 ~
0.92g/em’) ) NaCl-H,0 1A % ,

R Th AR By BT 1A 385 TN A0 RNk A TP & B I MR
RIS ERZE T Y AR, 5 R A B BOA L, I8 B AR
FLTE R W A5 (235 ~ 497°C ) , U fH IR B2 B AIG (310°C) , #h i
(5.41% ~10.24% NaCleqv) FIZ%BF (0. 59 ~0. 88g/cm’ ) B
%o S8 —EESEEMCE (K 10a) , 5 5 LA AR
Y—IRBEAE A B R PR B BESCET B AR A3 4R DL - AR R
R KB NaCl-H, O {5 RHIE
5.2.2  G3E-ERAL

Y-GS A B bk b B A A B AR
— R AR AL I R, M IR FE S BIMR IR (151 ~472°C) =
FEETAEFI (180 ~320°C) . Gy -RAWM L, FEIRE

DX 1] B A AR AR, (Lt 0 32 e W 2 775 (13. 5% NaCleqy )
IR (0.69 ~ 1. 01g/em®) o FEH— i 15 4k FEAH DG
(B 10b) |, 35 S B AEAR G, B 2 B il B 4 B AT T AL
7R T B BRI AR B i RSB A A, S BUm R
iR AR R

W RETWAR, AP BRR TR FH%
T YRR SRR, BT 2 & H & CO, (AR FI
SRR RN AT AR R CO, R, AT RER H IR AR
( Graupner et al. ,2001 ;Kerrich et al. ,2001) ,CO, I ZE K]
TR - 64.6 ~ —63.9°C, UG AR P ER CO, 4,38
" HEFELE CH, (N, \H,S Fi1 SO, ZES /& ( Burruss et al. , 1981;
FAREEAE 2004, FAA I A R AT RS U I E .
CO, WYPAR = AREZIR IR B R SRR 7
WAL e 2 — IR AT, R BT RN IR
PRBE (IR SCIERIBR SR 9L, 1993) o J5UhR LA™ it A J2— R B 43R
VAR AR R AR v, 2 TR T e e i o TR AR S R AR
KIRERS, FBT CO, 553 NaCl-H, 0 F= A AN REIE
fili CO, S5 AR I W 43 1 ok, O 5 3K AR AF (7
w45 ,2010)

B AT BRAL Y AT AR LA AR AR A -
IR B2 A RHIE , J& NaCl-H,0-CO, ( = CH,/N, ) {R & , KRAUREK
5 RINR AR A S 8T A R AR B

5.3 R RESKIERE

18 A BT FARET SDgyow I T = 128%0 ~ — 66%0, i 25
IR (- 80%0 ~ —40%o, Sheppard ,1986) , 8" Ogyon 18
AN R 8. T%0 ~ 14%0, 5154 -2 6" 0 (T%0 ~ 13%0) i
FHEIE o 8" Oy, o IS T = 3. 68%0 ~ 5. 2%, i T4 J K [l
(5.5%0 ~ 9.5%0, Ohmoto, 1986; Sheppard, 1986 ), 7E 8D-
8" Oy PR (B 11) BB B R 55 HOK 22 T R K S R
IRZIA], RS IR K XA, 280 B W I n] RS
KIER AR, X 53 F B BT IR | 5105 T 2 i ik 78 46
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W IR 52 A A 56 SRR RS0 ™ DR 1) B S AR R AIE (8D
18" 0y,0 fH 535K = 173%0 ~ = 15%0 1 = 8. 6%0 ~10. 2%0, %
BRI 8" 04,0 /N T 6%, Taylor, 19925 f8 % 3 45,2007 )

2l AR R 2 2 W 3 W R AR A OK IR A
KAREAK AR S S0 IR 2R W, ™ e 0w AR v R
RAK i 2T A, 5 T T TP g R BT AR VR TR
B BAE SO TR A RE KT P 22 K0 IR (RER %,
2007 ) ARAEL, T SIS I T RS TUAR T R KO8 Ty RAA T
FH ) 57 IR (8Dayoy B BN - 82%0 ~ —98%0Fil - 90. 3%0 ~
~ 48.3%0, 8" Oy {4 81 H 0. 1% ~ 6.2%0 Fl 3.35%0 ~
9. 59%0 AXE6,2008 ) A —E B 22 (B 1 7R) o

5.4 B HREE

13 FBRARY 9 6™ S AR kT Bl 3%, A F - 0. 9%0 ~
5. 7%0, TEEHTE 1. 0%0 ~ 4. 0% (& 12) , SF-3{E K 2. 9%o,
X L BT AR T R BRI 87 S WA H BRAE 3% ~
5%0 (R 7E34,2008 ) — 3. 7 HFEBH 1) 8 S A 1. 9%0 ~
5. 7%o, -1 4. 0%o;4 VFREART 1 6™ S 9 1. 0%0 ~ 2. 8%, F-
BN 1. 9%0; 1 PEEEHIE (1 8 S Ky = 0. 9%0; 1 7455 196™ S
H 3. 1%0, BH 8" Sy > 8" Sy >0 Sy > 8" Sy 1
Mo FEFHEAUET ™ S M E R SR F IR A &, FE6i 1k
Y™ S [ & BT Ky PbS ()7 #1H™) < CuFeS, (EEHIH) <
FeS, (BEA™) < MoS, (HEFAH™) (HFK CHIPRIL €,2000) , H
BEAT O, DUk T4 T SRR T L i A b B[R] 4 2R IR A
LB 5

12 Bk -3k FARA A 8 S I AH N 1. 5%, H.
AR AL B A, 2 WY AT A AR R i B T L 3R Ok YR A —
Ohmoto and Rye(1979) I\ W #EH ¥4 4 & B A5 5L R, 574
() 8% S S AT AR F I SRR A . POk TN dk T AR T
T B BB, R R 8TS A T
6™ S EHIME, N 2.9%0, 5K F I (8 S FHE
3.4%0) EFIHT (8™ S XYM 3. 8%0, R 1H,2008) A5
FALTAAD(8S “FIMH 4. 1%0, B8 —15 55 ,1990) | H K& T
S (8™S K 3. 9%, HEF5 %, 19790) /N g 4 41
(8™S I {H 2. 9%, FUIE S, 1992) Hi Ak b [ 13 2 - ) (i
AHIE ¥ 7 D5y b 2 5 25 A6 3 L P (O + 3%0, Hoefs,1997) , 32
B DU T4k 50 R 0 Bk A BRI A K, 32 3 b e TR e
(Wang et al. ,2003) ,

5.5 R HLEITTE

Fp-B = S T B ROk e b b M b 2 DL R 1R T
F AR AT ] R RS RAE A, inAE i =S b g,
ILVGEE AR B L M DX BT R RIS A 305 w4 7 4 1 (o I I
££,2002) ; 7540, FE S50 X AR T A & B TR B TR — & iR
FE ALK AR (208 ~203 Ma) , HJE SRS N h = & it
A AE FH 1) e = 3 -0k 25 4 %) oft R 4 o 0 ) 30

O FRHEFECITYHM AR ). 1979, ITFA%AEREREF
& ma R — W B MR . 24 -38



316

(ME445,2007 ; 8 A 45,2007 ) . RLARZ il 7 5¢ k-5
TE R TTIF ATH IR A5 VR S BT X A T 3R LAY 2 0K
fRAES), IF BLAE RS R &0 e (28,
1998 ; ¥R W %< 25, 2000 ; Davis et al. , 1998 2001 ; X T 4% 2%
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~185Ma) | i # — K N 5 (182Ma) | 4 K &L F 76 X
(189Ma) ( RAFICAE,2006) , 2 ZH AL AL K (189Ma) (Fc
FEIREE,2008) , L HAE K A (199Ma, B 8156 45,2001 ) , 30
POB T IAdC B R B (181 Ma, 7K 3% M55, 2009 ) 544, T8
BT IR EEAH 225800 (192 ~ 185Ma)  # K &L F (191 ~
187Ma) Hi & 11185 ~177Ma) 4T IR
M-S XIER T Ak B R AL KBS

(4351124 189. 77 0. 73Ma 1 196. 35 £ 0. 8Ma) , A2 AW"
RRLAIGHA A AR BERS TIEHANA s AT
Z RN T SR R R B 0 JC K B RR R AL G,
B A LA A, RSB T R b -IRER
P28 5 (R A S A T M R B T Y R, 2 A
BARIHAE R B, TIPS OKREBRER BT, Qs TN L G AT
A GRE AINAE, 5 Z AR Wy ke

AU BRREET , X 5 Tk TS K AL B BEAE IR R A
KT IGEAT—F . TR IA LA 2 8 m
RGN FR AR, S8 BB R G 0 TE AL v R
fIX, S ATE-TRALY . FEBEE RK RSB K AR A&
VA BE R 1 R AR K -5 38 3 B g, 3 T B AR
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iR T ST IR T 4G W A, PR AL R AR RS T
TEEE BRI TSR THED B,

6 énllﬁ

(1) DU - E TSR0 T F81L 045 4 3%, §H0™
EERLAABRCIR KR 2GR BRI TR R
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TR AR SRR P, S A AR Bk 32 B T A -
WAL .

() WA B B ING S O Th R B R
AR P A L) U & 70 W B A R
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