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RERE: EREH Co-Au F HARBMAILBEBEX A HAH LS. 5. P AREFBRINE S 2 KE Cu-Aut
Mo H K. 5&4HY FEFRNBAEL BT 20~30 Ma Z A, ABHESWE PR R RS BB T E- T K B Rt 3
BAMEER. TARFETERIM EMT TAERE L IUANKREENHBBRAGHN. TETFHEE NS FE
BORBBRBARER R ENRE-S A BRKCRE-2 S Z2RBT KR, FLEE4EERN Cu-Mo,
Cu-Au #l Cu, SMEMMMMAEUSY AL AN E . MARME EFENEERNES L. BE BRAELS,
WY RERRE. ¥ REUTA RS FEMGBHEKERENE. RS FAFTENGSR . SREREY £
BRORBEA HMHET F YN KERENBEIERERA-BF A WO AESRABEY K&, #4
BEE MBI, N A XS AT H RN EN B SHRLY U ESRRD IR AuAg TERET
BET RLET REATFT Y . URBEKMNY RERA-0 KO NRBY 5 EREY FEREAST K
FERARTRERTUHFA TRERZKNY RERTASHHEMAL BEE—WEAR-& FEERY 4.
BhA X AATE R FREEA R ST 1™ B, AR EHRK,
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oo I Y 5 38 (Qin et al. , 2005),
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Fig. 1 Regional geologic sketch map of the eastern Gangdese and distribution of copper deposits (modified after No. 2
Institute of CEEB, 2005)
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1— Quaternary (Q); 2—Dingla Group (Ed); 3—Wuyu Formation (Npw); 4—1Luobusa Formation (N;6); 5—Wenqu Group (Kyw); 6—
Mengzhong Group (K;.2m) ; 7—Bima Group (K;4) ;8—Chumulong Group (Kyem) s 9—Mamuxia Group (JsK1m) ; 10—Duodigou Group (Jz-3d) 5
11—]Jiedexiu Group (T37); 12—Chaqupu Group (Ti+z¢); 13—Oligocene subvolcanic rocks (Escyj/Eslyj); 14—Eocene monzonitic granite
(E;hg) ; 15—Eocene biotitic granite (E;gb); 16-—Eocene granodiorite (E.gd); 17—Paleotertiary diabase (Ebm);18—Late Cretaceous quartz
monzodiorite (K,dho) ; 19—Early Cretaceous gabbrodiorite (Kind); 20—fault; 21—chrome ore occurrences; 22—porphyry copper deposits

(oceurrences) ; 23—skarn copper deposits (occurrences) ; 24—skarn copper-polymetallic ore deposits (occurrences)
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KA E, WS 2 B E KT 4155m(E D HF,
BR BB, 2003) . IRK LA R EWRZ LA MZ LR
KWEEE &, BRI , B L5 AR & IR
(Pierce et al. ,1988) . 3 X0, X 52 F
R AT A,

REAERESME R EMUBHAES SH
T o Xof R T4 £ SV 1] ACART e Y OB B R AR B S B
WAR SRR AE F A K TE S R 7R 120~20 Ma
(Harrison et al. ,2000) , 5 3 {241 5 WEFE 65~45 Ma
1 30~24 Ma PFIFr B (Yin et al. ,2000),
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Fig. 2 Geologic sketch map and distribution of copper deposits in the Shannan area of Southeastern Gangdese
(modified after No. 2 Institute of CEEB, 2004)
1—# W& (Q); 2—RARE (Nyw) ; 3—H A4 (E1d) ; 4— R K4 (Kow) 5 5— 17T A (Kiom) 56— L A (Ki6) s 7—RAR T 4 (JsKum) ; 8—JH1E
F H(Tsi)s 9— B W4 (Tih20); 10— BEME (TL); 11—HF FH R AL E XVie); 12— HNKE (Kegd); 13—AR_KRAKE
(Kpdho) ; 14—~ KB K 45 (Eohg) s 15— B BB K & (Eagh) 5 16— 5 H (Ebm) ; 17— B N K 5 (Ezgd); 18— BT B 19— 4 FEHT K

RO

1—Quaternary(Q) ; 2—Wuyu Group (Nyw) ; 3—Dianzhong Group (E,d) ; 4—Wenqu Group (Kzw) ; 5—Mengzhong Group (Kj.2m) ; 6—Bima

Group(K;b) ; 7—Mamuxia Group (Js3Km) ; 8—Xiukang Group(Tsz); 9—Chaqupu Group(Ti42¢); 10—ultramafic rocks ( Tk,L); 11—miocene

subvolcanic rocks(XVjs) ; 12—granodiorite (Kzgd) ; 13—quartz monzodiorite (K;dho) ; 14—monzonitic granite(E;hg) ; 15—biotite granite(E,gb);

16—diabase (Ebm) ; 17—granodiorite (E,gd) ; 18—fault; 19—skarn Cu deposits occurrenees
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Fig. 3 Geochemical characteristic diagrams of the intrusions-related skarn copper deposits )
(@ 1—RAKGDE EHT R 2—RAKBEGEHT KR ;3R NKE G ARZT R 4~ ILEBRERNK S
(Harrison T. M. et al. ,2000) $(e): VAG— KWL 52 sORG—H B I K 5 s WPG—IR W IE K & 5syn-COLG— R RS 7t i) 5
(d): 1—Granodiorite (Porphyry) from Liebu copper deposit; 2—Diorite porphyrite from Liebu copper deposit; 3—Granodiorite from Chongmuda
copper deposit; 4—Granodiorite from the Shannan are a (data from Harrison T. M. et al ,2000); (e): VAG—Volcanic Arc Granites, COLG—
Collision Granites, ORG—Ocean Ridge Granites, WPG—Within Plate Granites
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F 60km. 95 10~20 km #4% & B R T 4 (& N L Ea gy
D, FEFRGD BEAEEI . AE B BF  SHRMS . K564 A% % Cu-Au £ 45 Cu-
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R, BB A B0 19 S B i B PR Bk 2L 4
FHT K. MRTZEBHRE-Y FEH-H-&24
BT AR., ZEERRET LA THRERRL,

S REFTANT B L3, 35 BT AL FF R
EAL H AL B B L B .

F1 LUEMXSFERATHIETER
Table 1 Summary characteristics of skarn copper deposits in Shannan area
TR | BE aEERE hE T kR Cu(%) Mo(%) | Aulg/t)
BRMEE MY | ARNKEAX |V FEL. ASL R | ARBTEEBSK | 1.08
£k | BERE.MEA | REHERER | RAELK.&F AL | ARETECRNKY | 0.72~1.58 R L
B & AR . B HEW AT 0.53~0.72
W | RKEME | ERAKERAK | ¥ FEHL.EFAL. | AV REREF ;B L3
&R ERwE B& BRALSE REBEHET L
éfa;?f%z 5 R B RR T e
A A " AR_KNKE BEALEZEHL. | S RERATL 0.31~1.92 4.2~61.2
W R IR & 3k o
KREES
KB EWE & REK . GF AL,
= = 5 B 4 2. . 20~1.
AR - KERE S FREBFET 09 1.20~1.54
BRE &
BKE RBE
) = ¥ R A N
s | o Emem | | LRREBM Y RRLREEL | s nmra 0.2~4.53 0. 24~3. 35
" . | ER-KERSE | B
& BERB A,
WE G KE
AEAKE PH
GEREKELET  RUERBZA |V FEL.BFAL,
B ] —| A £ T 4R BEM . 1.
)ié”a WD ER | Ao KERE. = | RRGLEL AEE B;f;ﬁf}?ﬂ“ gg'i o 0.12
7% KRS L% | % = -
Ezi%2)

2.3 KRMETHKREH
2.3.1 $/IFERE-RATRE
2.3.1.1 WERME

TRHEBEHEFETEANTHERLDH, HKR
HhE BMEBAETR, I ONEEE. BHHaRER
KE AERNKHERERAKERAT FEHES
A Z . TR RS EE RSN R A T A R
TRAME,ERERSY RERMAEL EL KR
BE L.

TRAKMAMEETEAFRA: RHE RBE
NEE 75 W34, £ M M 4 4. 5 km, i[5 SE. i F
Z TEHTERAY REH TAENEETHRNE
W] 4375, X B A LY SEE [ W3 45 i (Bl 4) .
2.3.1.2 ¥ {L4FIE

RBRA R T XU AFRT A AT,
IS74#. HPU I ST AFRERR, KRT
4500 m, SCBRIEHIK B 2800 m, i [ FE R 52 Fr 5
K F 300 m, $E 50~230m, B[] NW, i f 40°~60°,
SR R—R .M TFARRNKERN. BT 50k

FEAMKERMAS. Y RERGBKE . REHE
PG A ARk B SRR g A L&
HEA BB E. ERANETEO=T 155
N B EMEERLAT . 9 0F B ZK4101
LhESE s Baik(E s, BiHEE R 32.87m,Cu
4 54z 0. 92X 1072, FFLEE 192. 8~195. 69 m
PERE 2. 89 m 4GS 1.16% ~1. 18U M A EINK
BE,BAAXAEEERRE AT W RERN
BSR4 B &HOR L FBOR R YR BRI L 48 Bk
REAFREER -, MEATHFIERANR
JORFIABKCIR B FEFETHLER R, EMH
HERAENES AT EEMEHAT -AEKFEE
BRI-5, 5 AT YAERRY HET  HEY HER
v ILEG  NEY EET BT %,

KA EERRE O B EBEHE PR
W ABKAR B BR . 7= H Hb B 1B 3R 3850~4100 m (B iR
1-3);@ & FAHBEY 4, IR 3750~3950 m; @
S5RENKHEBEXNOBEEMRT AL THER 3600~
3800 m, 40 ZK41-1 4571 192~198 m BEAEN K B
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e B 5 SEET K4 SHREANEEGEEBRE
b7 = 8 2 % YR AL 5 2004)
Z Fig. 5 No. 41 exploratory section of the Liebu
Skarn Cu-Mo deposit (modified after No. 2
Institute of CEEB, 2004)
ratt: 1I—FNEARBHERY Q22— HEZR L THAE NV E.RA
=13 KRAEBE Hs+st+1s); 3—HRNK B & 4— ZKIER A K 5—
14 WRNKES  6—FFTAEYFE: T ARBTFAEY FE:8—HE
i1s R 9—WZE; 10—y ;11— ik 12— AEA
16 1—Quaternary lossening deposits (Q) ; 2—Cretaceous Bima group-
17 Interbed of hornfels, siltstone and micrite (Hs + st +1s) ; 3—quartz
®

4
N

B4 £HTRHBEHFEHCASRRE EHE
e 91 B 4L, 2004)
Fig. 4 Generalized geologic map of the Liebu
skarn Cu-Mo deposit (modifiedfrom
No. 2 Institute of CEER,2004)

I—BMARBERY Q) 2—RBKE . RHAEE (Ls);3—
KL FATRE (vb) s 4— 3R A TR A B (Yb) 55— o k1L 1 56—
A EINKBE (ExSop) 57— K R (BE) & (E2d0) ;83— K [N K
& (E78) 59— AN K BHE S (Eodop) s 10— F 5 + & K5 H (Hs
+Sk); II—FFAABTAY FELy+Sy); 12—y h R &
S 13— R R R AR 14— (B RO W35 15— SC i B
Bilo—#E=R; 17— R 41l

1—Quaternary lossening deposits (Q ) ; 2—micritic limestone, local
marble (Ls); 3-——volcanobreccia (vb); 4—breccia pipe ( Yb); 5-—
Presumed caldera; 6—quartz diorite porphyrite ( E;dop); 7—
granodiorite (porphyry) (E;80) ; 8—granodiorite (E;¥3) ; 9—dike of
diorite porphyrite (E;80u); 10—zone of the hornfels and skarn(Hs
+Sk); 11—zone of the epidote and garnet skarn(Ly+ Sy); 12—
copper ore body;13—geologic boundary; 14—presumed fault; 15—
measuring fault; 16—attitude of stratum; 17—drill hole with

mineralization

diorite porphyrite; 4—dike of monzonitic granite (Ezhg); 5—
granodiorite ( porphyry ) (E;do); 6—epidote skarn; 7—garnet
skarn; 8—geologic boundary; 9—fault; 10—copper ore body; 11—

copper occurrence body ; 12—sericitization and silicification

W . TYABRNGH A GRAFEAL.AX.BE
NA%E . RAEEAEMINEE R, ZHBAES A
ERANRAENS-BREEE, KD 6~12 pm,V/L K
10%, ¥ — B BEEAE 276~ 298°C Z [A] , 48 [B7 #4928 BF 2K
4.5%~5.3% NaCl, b IRMKEEE R Filk., §9
HEZRIARESRMF —RR O LAEHKE
FRERERTUERANBRRAT EHT YL 0.3~
1.Ocm RKAWERRESEKRBRERE AT
ARED, EEAWHSY, AMEENIE 104,
B — g 1% ~3% (B T -4),
RAEFETHFEE=FARRNKBARE LS
P T A2 REEREE., NEDAEEK™H. %
WEFET L, CHBRT R AERNKHER R
PR H— A A RARAET b, REES R
PR G, R IL 80~100 45 /m, JKi§ 2~4 cm;
T2 R B O 25 R B R, A S R b Bk
HERAERSR-REEMK, K/ 3~6 um, V/L
H10% ¥ — B BEFE278~290°C 22 8] , 4 5L B2k B K
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Fig. 6 Geologic sketch map and cross section of the Kelu skarn Cu-Au deposit (modified after
No. 2 Institute of CEEB, 2004)

(@):1—BMEQ; 2—MEF —FEHELDHE KD - RURBAZE_KNKE 4 BRE BERES 5—FHARAS 6~ REE
AT UOE; ) 1— B+ Q22— BGEF—BAEH DA K3 RUBBAEXE -RKNRKE4—KBE >—ENKARTES

FH 66— FEERR. 7K

(a): 1—Quaternary lossening deposits (Q); 2—Early Cretaceous Bima Group (K1b); 3—Late Yanshanian quartz monzodiorite; 4—number of

exploration line and trench; 5-—number of adit; 6—skarn copper-gold ore body; (b): 1-—Quaternary lossening deposits (Q); 2—Early

Cretaceous Bima Group(K;6); 3—Late Yanshanian quartz monzodiorite; 4—marble; 5—malacite-bearing garnet skarn; 6—skarn copper-gold

ore body

8%~9.8% NaCl, Ky RILERERT Wik, K _H
AR R R BAT L, RN ERT EBARYS
SAEEEAT. i 1.80%~4.29% . HAEK—
HRGA, AR, KTy YE - B8 REL
¥ EEST B BARRICRE S . BREN
KBREABRATARRNEKS RBOMERS RE
(THO =z, BAGE 8] NE, = NW, A8 5E.
PRREHBESTRNKBERSET Y RE—E™
HoEAA R X A EEN AR R .
B 48 77 B9 & SR b A Je I K B A W) ER RO B, M
BN RER AT RE A BB E BLAR T

TE & e RS S BRTE R B A IR s
R AER Db, RN A Bk K BkR (BRI -
OEHREAGERNKES EILEHRT aa
B (38 0.5~1.0 DY G RN KA PR B T,
&K — % 10~20 & /m, BUEE A AT AT 35 1%~
2%, B R T . AR Rk RO R
S-RAAEE, KD 4~10 pm, V/L K 10%, 3 —i&
BETE 232~276 CZ I8 ML MR R 4. 226 ~6.5%
NaCl, (R BRI B AL Wik . ARINKEIEN
A2 5 R IR S B A MR T e, B8

AR Tl B 1, SR L R R A R T A .

B2 ETRRELRE R, &7 HaRANE
B R E BB, FUR R SOR T IREE A’
A FEAL X AL A F A B AR B BROR 8RB 4L 5 (R
WA X LR FE IR A i AR A RS AR L.
BAYP XM —ERIEHLHE.
2.3.2 REHIFEUGE-ETK

B XA TRHIYEEH AN HEBEIRN. X
HRLENTHER L DA K, EEH 4K
OB VAR R AR W B K A e KA F A
EDRBEHNAL_KNEKARALDHBES,
EAERKAA. LA PRIERER ERERS
LR EREASAR _KNKEEMT L
B R EATE &5k . % B Al 7R 7 1 IE A5
AR, FEMFRBAEZRAL.GFT AL B
AR BEELD ARG BEKA%SY REL TS
AR S A SR A A Bk TR A, B LR
TYEEARERE,

TXEHMEARETMAER 14, KiE 2000
m, 5E 6 R PG B B . AL B . FE T
WHBRO LAY RET ES RS R R R
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HE KA BREEEEHEABE D ERERMUE
W= &7 .80 .2 F0 K2R BER™
H EABAKREREL. BRIE RHWT &K 350
m, 5 30~50 m (& 6a), fi L Cu0. 31%~1.92%,
Aud. 2~61.2 g/t,

163 163

94 95
Y7 P BT S o W @ |
iy N
Ay _”.Zitw 2 ) S I S B | l;‘
o4 ApgZk701 I I7
T T T 1 T 1 11T ‘[

T 5 B B B [
el /e [ho [~

B7 BN REWH-&TRFELEAEDREEGES
KRB b TR B 25 B R T 4L, 2004)

Fig. 7 Geologic sketch map and cross section of the
Chenba skarn Cu-Au deposit (modified after No. 2
Institute of CEEB, 2004)
I—SENARERY  2—BEZRAFHTRERSHE DA, 3—
BEALDHKRE - HERLTAREE S—HERLIA
TEMPE;6—ERRALDHRTILE; 7 HHHBEZAN_K
ERE S —AEMNAEAY FEH T hRRES 10— FHA

K;N—FBERE:12—WE

1—Quaternary  lossening  deposits; 2—Tertiary  polymictic
conglomerate of Luobusa Formation; 3—Early Cretaceous Bima
Group; 4—Cretaceous marble of Bima group; 5—Cretaceous
metamorphic siltstone of Bima group; 6—Cretaceous andesite of
Bima group; 7—Eocene monzonitic granite (E;hg); 8—Zone of
horfels and garnet skarn; 9—Copper and gold ore body; 10—

Geologic boundary ; 11—~Unconformitive boundary ; 12—Fault

M 30 & H| T (B 6b) AR AR & (4276m—>4266m
—>4225m) PR L, 4R & 0 IR BB e L L 1) R 1
K BR800 A0 1 R o B2 BE A, 8 TR R FE i O
m R AEK.

TAEEHFTR.BER. ABRRMNE. T G7 Y
AWM A B EREY ERT . RET .
BAH ILER. FET WS FHEEY FET

mes,
2.3.3 HRESFERE-EWIK

TN FHOER EOLESFILM, XA HEE
WENREBHLIH HTHAITEREHREKE K
BRI s E WA R RIKE . BIL S
KE BB ARE TARDAERRAESE. HEE
] NEE il 25°~40°, RABFENE =LH#H
AR —KERSE, URFHEEERR K
s

Wy TEESEREMZY FE VTS
HRBEMBRWED. TS FEN DR AEEK
BRERFE S atEEH.

VAT YAERSEY REY RS Y&
By ERY BBET S RETVYEILEA B
W&, B LK 4 2000 m, 5 700 K, T EK
100 &K, B 4LE FH R IR GRS H 0 Bk
T REUREBED HEKRS A TEAHE
WA, 7 A & L Cud.09%~ 8.03%,
2.09%;Agd8.3 g/t, Au B/ ik 3.93 g/t, — K&
Aul. 20~1.54 g/t,

2.3.4 BRI FEBEME-ST K

AL T FE VL B 5 00 DR SIURT AR ) B V4% & e bl
LB ARBFRT X HBHENBRAMESH. A
ERUDGH F=RAPHPHERENR . 50T XA
FEUWROERL DA, &AM IR REK S
FREBEKS RBERKE . ERBHE ERY
a eV HRKRE. RABNGBHFEPHNEST
PBER —KIERE ., EEEIMEMET S REMY £
ERIEE B RE s Z RS0 b, 15
WEHY EEK KT 1600 m, 554 300 m; S 4KM
mAbdL P i f 25°~40°, BEHH R KL 1000 m,
B 8.3~20m(BE 7),Cu ¥ 1.02%,4 Au 0. 24~
3.35 g/t,

TOTYREEY AT R EE L
Wy AWy ERET LEA BET S Kary
HEGERA GTATRAGE. KA. BEB%,
T AEMRRE RSN T AWER LR B
ROAH A B
2.3.5 WS &R FHRBET K

TRMTRAIAL 3 km ik, 7 X HEHE
HNEERILSHEKD . ATHEENBRABEER
BT s B R B A A, R T U 5 T R
TREREIE  FEEEEERKEMERRT S,
TRAEREFERERNKE (EY), 24"



®om

RIS . RENABRETE =44 REE Cu-AutMo 7 R FIFE 7 YA & REFHRT E XL 1415

HoAEEATRBREGERNKE, BK

88 188.5 8y 8o 90 90.5

—IRE, PRIL RGN, JOR &, R [r s
YARKEG AR BB . ARAGE. 5
WIR& B & (E.0p) 2 4 & Mg BB 7™
W, AHEBURGH R REE ARRR [
G RRWEREAIRKA, &Y
0%, HFEUMKAEINT, FLBAE.H
RERT MEET Y. NKBE PR
REFT .
BEHISTER FEESEHE |
W KBERTR. EEHHCEXT 500
m, $% 5. 00~50.09 m(& 8a), &/ EH @
a

P 2R 17 140°, SR 307~ [l

50°(E 8b). M HANAWTAY KE
RGRAN AT B EAAKSE. T
AFERNFEKGE . ABE KB 1. M
PR SRR G T BOR VIRFVIR
WHE, AT Y- BET WY 1K
OB RS = LER B
vLORATY .- AEA AR KRA.EE

G.HERKA%, 4 5% Cu0-4%~
6.84%, 3 3.47%.

3 WETHEHETYAS

£ s Bl [ 2 le
A

B8 WHEHy FRETPELNEGRAECASEERET

MBRATS LRT REFTHE
Yy R B FARET AT X i KA i 2R
TS TR WAEHTT BE SRR
HARXK S REBEST AR LRSS
FARE.
3.1 METHE

Hb R B 2 B ¥ AR 4k, 2004)

Fig. 8 Geologic sketch map and cross section of the Shuangbujiere skarn
Cu deposit (modified after No. 2 Institute of CEEB, 2004)
I—HEE; 2B RRE 3 ERMNDE 4~ KWATRES—ElG I RE;
—BHENK B 7— RN K s— R %k — T & 10—Wy b

HHNKE AT LERES FE

1—Quaternary lossening deposits; 2—Cretaceous limestone of Bima group; 3—

Ll N
Zii X & —F; =] i EL ,ﬂ{‘ m /E i % ﬂ é} yg Cretaceous metamorphic siltstone of Bima group; 4—Cretaceous volcanoclastic rocks of
{j-‘if/ﬂ\ EI ﬁmlﬁ 0 %&Fm/ﬁ ’ E %:é 2 EP ?&ﬂ] Bima group;5—Garnet skarn; 6—Eocene quartz diorite porphyrite (Ezdom) ; 7—Eocene
BeET FRTER B4k ph S AR M FEH granodiorite (E,gd); 8—Quartz vein; 9—Copper ore body; 10—Cu mineralized
7] A % H, 9} E M;&rﬁ: skt @ 2L & _E_ %'ﬂ: granodiorite; 11—Cu mineralized garnet skarn

fa a3, T RS B EEN AR
EERAL L GRA LS. T L EEDEER,
R AR T M b b 1T B A IR
ik o B AR TR OE T BORT L T A B A
w4 E B R Bk B ReRT b

AREE FELTHHNEHTY FEMRHAS
KERENE. RMTY FEFENGK-HEAaR
A RE.AVBREER SRER KD F, R
RELERTUHTIREER1-6.7, R\P KLY
B R TR R £ B T B AR W ORI

Cadia & £ 25 K o W2 2 59 FF £ (David et al.,
2004), BREAM S KRR B EERZIRA BH
O AE FRAEXREBAEY RE FEEER
WP, W AR S RABET BRI EZENE.
BEGRA GHFABABATLRIFFIIEAHE
GHEHTER URABARBE P REAZT A
mLEA (& 9.
3.2 ¥HAs

T Y BB R G MR B TR T, R
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BT AT TYREEASAR LM TG WA E
PRI AR B ET REERBY RERLHS &
A RET KM KT MAGERABL, —KS
&5 FERSET R LR M8 8 ERENE
ERTKFTTYWHBRMAYEE N (EZHE,1994;
Zhao et al. ,1999),

R2 WHMBRS FEE Cu-Mo-Au H
MmESE
Table 2 Summary characteristics of alteration
and mineralization from skarn Cu-Au(Mo deposits

in Shannan area

s 2k
KO BREE NDET | GENKE AENKD S,
R SRS RIS
e oh B B W
T iif;fff
Mz | S I DR T
ARV k. BEE _
B s I W SREL | &
pa 1. 87 4 L.
= PANE I

SRR 32 3R

\ R R, B B R %
BRTTE | iﬁﬁ@iﬁ%ﬁw i

TABRNEKGE . ABE.KAG. T Al
BEWERI-1,2,3,OFEHN - OHBRRME . &BT
MESEREARLGHGTY RER ELT KB E
W @B R E, WFRE. AR A E RS
X, 0 A% G E2MARR . 40K KE A, Bk
MEE—RHIT0%~90%;OFHRME. N TH
i ARE G X, BRRTATYESKEE
BAREHRE AT AT M 1) 2 A T A Ak
& . BRAL Y BRI 40 ~ dkE s DA — B gk i
T HH AN A BET X R ESER
BICRD 0 F kA S — 2 7 18 V17 808 TR 47
DA AT YERAT YT MBS EHT R R
Y BR P R OBk — R R E, WFE
i ANET X . SR8 M BCR B R4 TRk
AF. WA E, B M, iy s 8 /NF
64 ~8%:©MBHRWLE, FERTFHHH XA,
WEY X, BRRIRES P,

TOT YRS ERT B BT,
TR VNG BT BRI 4k
HRG%E, SHT Y URAT I EERI-5,6,7,
8:9,100, T S RMHEL  EURANEINEL LR
TRPHE LT Y- EEp B B, 5 TR
N ERET IR FERFEZ —, X HE R BRI

A R EH KRBT (Einaudi M. 1981,1982) , fk G 5"
VWHAHEA . GF6GEMA . BNEG LA A%,
KA FBAaREKEA%.
HRETVIUARA.BHEL . EER. 8%
O FLAERHERSEN T HP XSS A K
ZH.ETEAIL PRI AEAS . G A—RAR
I BT IR AT R O BB 4 S € B Y

Sp+Al

B9 A SR S M B R A B

Fig. 9 Zonal structure of garnet from the Liebu

skarn Cu-Mo deposit

ROFAMEGARTNARMEY, A% . BEFS—E8EM
BERO . RAN T EEHSSL SEEOER. O RTFHEmE
HERNESR ORI EHENRIB A SHREL Y 2D
PR B 8,43 b B2 (Meinert, 1989)

Compositions of core and dark rim are similar, mostly containing
andradite and grossular and a few pyrope, spessartite and
almandite. Gray rim mostly consists of andradite and grossular. (a)
BSE image of zonal structure of garnet; (b) Compositional plot of
garnet and comparing with that of world other skarn deposits

(Meinert, 1989)

HEHE, AR SRS - EHENEEEE
(Ades. 79GT30.57Pyo.0oSP1. g5 Alg.75) » T IR IR B |y
FEE SRR A A (B 9) (Adss. 00Gr12. 00Sp1 61 Al 10)
(R 3. RECMEAERKEY KPP EERDHIH
e ERERETYANEEE . MELEHSEY
HEHEs FERANAGER. IREAMARA
MR S EAGERA NS AR 2 (E
9, HEE AT EAE A W, St R AL R HP R P
A B A AR H B (Meinert, 1989) , KR 54 &
& Cu Au.Fe B IR N IR .

X TABA WK HHIE, Jamtveic (1991) A K
FESS SR 0 A5 B A R 51 0 5 2 Iy 3 B AR [ o
FAUREARA T AR, X — S TiEE R
AR RABEEAAEX MEEEPFEANME
RN HIHETF P-T-fo, %M T W WK T 193
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A (Jamtveit et al. , 1993), [N, X F 434 T4 1] B
RWABBERE. NP BT RBN Al/Fe lLEH
AT

B4 7 (Bornite) CusFeS,, H 4 & 2% Cugsas»
FeinsSuss. AT WERWT EFEHEYHE FR
EARLEAFTXPHBERT Ag SEHEE X
21880X107°, Au B Al 35 1700 X 107 (K 4, BF
REHEEF AME.

HEy ¥ 5@y 4, By im/h T
T H A LA e R (B 10), I BT RE
5 250C LA b BT 3 & 89 25 18 % 41 (Aldo et al. ,
1982) B A 7 ML JE T M BIE R FAKREKTF

B 0 [ A4 A it 5 Y D 4 S T AR IR R T R AN 5
248 ¥ (Grguric et al. , 1999),

#% 485" (Molybdenite)MoS, : B Y R 4+ fi F 4 £
aEMARKPSHT R, B FIREDITERE
B H A Re B E (700X 1078~1090X 107%) (F 4),

AL B (Wittichenite) Cu;BiS; . R 4M 4R 5 & B
RATHENRN —Fmey, MIRFE LG &4 F
AT KT REARNER - EMEEX . &Y
YrkL BB A0/ T AR IR AR, 8RR AR B K
BROT PEESHATRERAT R (ERL-10),7FH
THHEGTRESHEMRAT ZFEX, EWH KL
B &y R A REE TR E R

£3 ARFFABRESIFEEURATRILERED KFARERTETRHSNER

Table 3 Representative electron microprobe analyses of garnet, epidote and wollastonite from skarn Cu-Au-Mo deposits

in the Shannan area of Eastern Gangdese

FTH K& Cu-Mo § K &S FE Cu-Au TR
LB4101-85 kL-5 KL-4
Y AHA [ERAGHERARCHY | ARARCHY 2 ABARAHNY | BFG1 | &F0 2 BKG Aala
SiO, 36.2848| 36.7388 35.7209 35. 8239 36.0295 37.9302 | 38.4234 51. 6416 35. 2411
TiO; 0.0105 | 0.0267 0 0. 0257 0 0.1625 0.1315 0.0121 0
AlLO; 4.3461 | 6.9454 2. 8797 3.7568 6. 3566 24.6564 | 25.2185 0 0. 6265
Cr;0; 0 0 0 0 0 0. 0053 0.0193 0. 0217 0
Fe,O3  [25.2442| 21.4327 27.1050 25.7919 22. 3461 0 0 0 30.1168
MgO 0.0143 0. 0048 0 0. 0009 0. 0309 0. 0834 0. 0622 0.0232 0.0119
CaO 33.0591| 32.9516 32.5397 32.7162 33.2358 23.4600 | 23.4857 47. 6497 32. 7567
MnO 0.6781 | 0.7978 0. 6746 0. 6587 0. 7747 0.1643 0.1425 0. 3873 0.1684
FeO 0.0589 | 0.3250 0.1682 0. 0821 0. 6939 10. 6099 | 10.4592 0.1301 0
NiO 0.0070 | 0.0040 0. 0375 0 0 0 0 0 0. 0329
Na;O 0.0122 0 0.0231 0. 0319 0 0 0. 0065 0.0133 0
K0 0 0 0 0 0 0 0.1122 0. 0032 0
H20 0 0 0 0 0 1. 8466 1. 8692 0 0
total 99.7151| 99.2268 99. 1487 98. 8880 99. 4674 98.9186 | 99.9302 99. 8822 98. 9543
Cations to 24 oxygens:
Si 6.0122 | 6.0289 6. 0054 6. 0060 5. 9466 6.1586 6.1635 2. 0008 6. 0041
Ti 0.0013 | 0.0033 0 0.0032 0 0.0198 0.0159 0. 0004 0
Al 0.8487 | 1.3433 0.5706 0. 7423 1. 2365 4.7183 4.7676 0 0.1258
Cr 0 0 0 0 0 0. 0007 0.0024 0. 0007 0
Fe 3.1476 | 2.6467 3.4291 3.2539 2.7754 0 0 0 3.8612
Mg 0.0035 | 0.0012 0 0. 0002 0. 0076 0. 0202 0.0149 0.0013 0. 0030
Ca 5.8689 | 5.7936 5. 8612 5. 8767 5. 8773 4.0812 4. 0364 1. 9779 5.9794
Mn 0.0952 | 0.1109 0. 0961 0. 0935 0.1083 0.0226 0.0194 0.0127 0. 0243
Fe 0.0082 | 0.0446 0. 0237 0.0115 0. 0958 1. 4407 1. 4031 0.0042 0
Ni 0.0009 } 0.0005 0. 0051 0 0 0 0 0 0. 0045
Na 0. 0039 0 0. 0075 0.0104 0 0 0. 0020 0. 0010 0
K 0 0 0 0 0 0 0.0230 0. 0002 0
total 15.9903| 15.9729 15. 9986 15.9978 16. 0474 16. 4621 | 16.4481 3.9991 16. 0024
¥t G20 1%, -
ad79. 04 |ad66. 79gr30 ad86. 00 ad81. 67 ad68. 37 wo099. 09 ad96. 42
gri9.17| 57py0.02 grl2. 00 grl6. 57 gr28.15 en0. 07 gr3. 12
py0. 06 spl. 86 spl. 61 spl. 56 py0. 12 fs0. 85 py0. 05
spl. 59 al0. 75 al0. 40 al0. 19 spl. 78 sp0. 40
all. 57

T - L TR AT 4 o E R 2 B kBT TR T T 5 BT SE AR BT X % O CAMECA SXG51,
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KL-4-2 ®, Agozss Feosss Nioooss Sisse0s Clsg. sz
Z 1. 035 s Biar. 350 » AUy, 000 » b FT 101. 15,

BFHEEERER:Au.Ag TERGF T HEH
B BRESRT FT

4 Wi kg

MEXEBEHEER
WREFESEXREEREE. Y RET IK—
A =FfEB (Qin et al. ,1998): QI BEE UMK S,
58 KAMENRAREERT L, ZE2kKR; QK
EREBEMTHREEZSRET L, TEH A RS E
Wy - MEHEEL.HA Kamioka Pb-Zn-Cu #"
K Nakatatsu Pb-Zn-Cu K, XGRS 4G
P BE 4 A % (Shimazaki, 1980), L & 3 E Bingham
T XBA FEBT 4k (Einaudi, 1982) ; @ 5 & ki 5§
ABEIRTE B A R A B AR RS Faf
ZE&RT i, MBI KB EKHEF . B A B Kamaishi
Cu-Fe ¥ JK (Ishihara, 1981) X & 4~ IH Sn-Cu 5" JK
(EZ H%,1994; X —M % ,1990),

BREXESRT ®RERAOET LER S RE
TR HMEETR. T YAS RRECEKTR,
ARBERHY FERHE-H-ET K. ZRS5HSE
BB A XMWY AR, R ST 58K
FI K55 WE H X H Cadia MFEJE E K Gossan
& F & B Cu-Au " K (Meinert , et al., 2003;
David et al. , 2004) XPFI#RIZEM S5 AR H LAE X

4.1

Caicayén Hill # &4 & Cu-Au ¥ JK (Marta et al. ,
20000 H EL 3K o

BREFERMTRERAEEHFRNSEEHRERY,
A EEFTRRERASS THER LD AN
BRBMATR.THREE S FEE KB MR AR
AL SR B L T A X KT X (E 10), &
ZTARRABABRKMEAERESY FETHR
RyHBETARMT LR,
4.2 YFE-WMEBRRTVRRRESR

A % 4% (2005) 26 B 55 (2005) 38 1 X X IR
HiARBALH MR S KT XENZE.S.Pb RAAER
NEMR  ERERT S K BT XHEHT Re-Os
By Fi#%5 - KIERHESE K SHRIMP F#%5%E £ —
L ER7E 15 Ma 24, BiAb 0 #9 S.Pb [F] AL 2 4H fil
5580 —8, 3 BB EREMR /D X EHRER
BRHNESRT ERBRIETSY R RFAZERY
E5EERTAERT R LER RN —BHE,
TERAESEEEYE,ERE EBEFHE KR
4.3 it

(D MEHMABREBLEH XY F58 Cu-
AuMo) T K 5 I 37 K 1l -5 2% ) 8 8 1tk 2
B = S TR KR A 2455 R 52 (20~30Ma) ; ]
RBERRTRREH: — My E4,

(2) XEFTREAETTOESR L SHANKRE
AMEAME A A S AR AMEMEN . FERR

F4 NESNFREBIFEERATEETHRTFRHASHER (N0

Table 4 Representative electron microprobe analyses of sulfides( %) from skarn Cu-AuzMo deposits in the Shannan area

of the Southeastern Gangdese

s 85 EE CoAu TR Wikik s £ Cu-Au BB R L £ Cu B K é’ﬁfg ;;;
ey KL-4 kl209-2 | kl-7 cmd-3 sbjr-26 sbir-14 LBZ4101-156
v AT | WH | e | B0R | RET | wes | ke | mee | ke e | o TR | mee
FEFOI (D (1 (6 4 (@3] (6 2 (@] 3 (2 - - (2) (3)

Ag 0. 0000 | 0.004 0.053 10.01425| 0.014 | 0.0938 | 0.016 { 0.0000 [0.04867| 0.4595 | 1.9495 | 0.5462 | 0.072 Nd

Fe (11.2815| 0.435 [0.73133(0.10175| 30.716 | 0.5933 |129.3755| 11.68 | 30.588 | 11.805 | 2. 3165 | 2. 6212 |30. 8025 Nd

Co 0. 0000 | 0.022 0.0000 [0.01625| 0. 0000 | 0. 0027 { 0.0000 | 0. 0000 | 0. G000 | 0. 0075 | 0. 0035 | 0. 0000 | 0. 0000 Nd

Ni 0. 0000 0. 06 0.0136 | 0.009 | 0.0045 | 0. 0065 | 0.006 0.026 |0.00267| 0.01 0. 0085 | 0. 0046 | 0.008 0.026

S 25.9265| 0.867 |19.5408f 0.165 [33.9135] 19.399 {34.1105| 26.947 | 34.245 | 26. 188 [26.4365|30.3576|34.5775 39. 451
Cu 62.758 | 3.759 |39.7567199.4875| 34.65 |38.4475135.7325| 62.039 | 34.978 | 62.536 | 69.735 [67. 5068 35. 255 Nd

Zn 0.0000 | 0.081 |0.03417] 0.009 | 0.0000 | 0.0115 { 0.0000 | 0.001 |0.03067| 0.0000 | 0.018 | 0.0000 | 0. 0000 Nd

Bi 0.0000 | 71.103 [41.02433; 0. 0000 | 0.0000 [37.1627} 0. 0000 | 0. 0000 | 0. 0000 | 0. 0000 | 0. 0000 | 0. 0000 | 0. 0055 Nd

Au 0. 0000 0.07 0. 03 0. 0000 | 0. 0000 |0.00733| 0.0000 | 0.0000 | 0. 0000 | 0.021 | 0.0815 | 0. 0168 | 0. 0555 Nd

Mo Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd 58. 257
Re Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd 0. 085
total 99, 97 76.40 | 101.30 | 99. 80 99. 30 95.72 99. 95 100. 70 99.89 [101.026] 100.55 [101.054| 100.78 97. 819

T Nd—E¥dE. BT HE 0T BB 2 BE b IR 5 Bk 4 3BT 55 97 52 AR - B AR 5 CAMECA SX51. #58 W F A 44T A
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Mineralization types

I -5=-K{ERE
RN FERMY L, wEE, Rg
I —Monzonitic granite-related skarn Cu
mineralization e.g. Chengba and Chenba

I-5ZMRNKEFTXNY ELZREAT 4,
mRs. HA. mEREFE
II —Granodiorite-retated skarn Cu

mineralization, e.g. Kelu, Liebu
and Chongmuda

L (- REPEAERMT &, mER
] |IIl —Quartz porphyry Cu mineralization,
e.g. Chenba

V- KBEUAT L WEH. RELRE
IV —Diorite porphyrite Cu mineralization,
e.g. Liebu,Shuangbujicre

ok
V—BCR#W\FTH, WEAHF
+fj’ -‘%‘E . V —Vein Cu mineralization, e.g. Liebu
:‘ ¢ 15-55Ma? " + ++J{‘;L . ..._.._',_."
Tl o e B A DT T e

e B () Bk [ R e=p [

B 10 RESAEBLEEXEE-4 RETRRT R, BPBR 545 RERT REH KK
RAEBARST AT B H A 3 B 12

Fig. 10 Idealized genetic model for the formation of the porphyry-skarn Cu-Au(Mo deposits in the area Shannan at the

eastern segment of the Gangdese volcan-intrusin belt. Figure shows sequences of intrusion-related

porphyry skarn system, mineralizeaion types and potential fluid paths
1— W DEME; c—AEF 3 EAEH MY ARTA S— AT LNKRE R NKE T RKRERE;
8—4 KA Cu § ;99— KR Cu 7 ik

1—Formation of Bima Group; 2—Horfels zone; 3—Skarn zone ; 4—Cu mineralized quartz porphyry; 5-—Cu mineralized diorite

porphyrite ; 6—Granodiorite ; 7-—Monzonitic granite; 8—Skarn Copper ore body; 9—Vein copper ore body

Ry FREM PBKBEAMRE  THAGERN
Cu-Mo,Cu-Au fl Cu 4k, EENUBEHXHNY R
BUKRBAEERNY RE.

Q) ARMY FEFENBER-EHRARA Y
THE EARTYERD.

4) EHRBAYUERET HRIE.

(5) AuAg FERAFTHRAT BRI S5
W,

(6) ILFHX MY FEREF-&7 KN K
HREEREYREANAST KT ERT HAE
TR, TRERZENY RERTAWURES
LMY, B GE—HBEEE-/ REBRT &S,
4.4 BMEREX

B AT VR4S 4B n 78 )R T AR B db o
O REFREARGS RERT AN AW,

FESF—MY RE EERY RS, TELRH®
K,BRWTEERERZRKNE- 20 KEBNS
FEELEAF BN RE LT KT EMNEHB R
PEART LA, W HFEE - Y FE-FaH
M-8V 2% BAXET RERREE I RREE
W& T BT REME , RERR T AR K XX T A
RERXB EHT ~HERFEEZNEL.

B EESTEHEBEGE LR MR
A B PR B AR KB TR TAEREET
TH R R R RPT R AR SCRRRE E
FARBOBH! FNERHEARZNERAAESH
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Abstract

Medium-and large-scaled skarn Cu-AuzMo deposits, e. g. Kelu, Liebu, Chongmuda and Chenba etc. ,
are distributed in Shannan area of the Gangdese Cu-Au metallogenic belt. Intrusions-related skarn copper
mineralization belongs to high K and calc-alkalic rock series, located in late collision volcano-magmatic arc and
formed between 20 to 30Ma. Copper mineralization occurs at exocontact zone of the lower Cretaceous Bima
Group carbonate and other calcareous-bearing sedimentary rocks with intrusions. At present, three main
mineralization types are identified, including skarn type, hydrothermal vein type, and porphyry type.
Mineralizing associations are Cu-Mo, Cu-Au, and Cu. In ore districts, those mineralization types form an
entire porphyry-skarn Cu-Au=+Mo ore forming system. Alterations of the exocontact are mainly skarnization
and hornfielsization, while the alterations of the endocontact are mainly sericitization, silification and
chloritization of intrusion. In the study area, the endoskarn is not well developed. Copper mineralization occurs
mainly in the exocontact in the form of stratoid, lenticular and pockety ore body. Veined mineralization can be
seen in marblized and hornfelsed siltstone, being away from the contact zone. In the endocontact, the
mineralization is mainly veinlet-like and disseminated. In the study area, skarnization can be divided into early
skarnization stage and late water-bearing silicate stage. The early skarnization stage is featured by mainly
andradite and grossular skarn, containing minor diopside, hedenbergite, magnetite and some copper minerals;
and the late water-bearing silicate stage is of replacement of garnet skarn by chlorite, epidote, quartz, calcite
and together sulfides precipitation. The latter is the main stage of copper mineralization. Bornite is the
dominant ore mineral associated with minor chalcopyrite and pyrite; and gold as well as silver are distributed in
bornite and wittichenite etc.

The Cu-Au skarn deposits in the Kelu-Liebu-Chongmuda belt are interpreted as the shallow level skarn
related deposits in an uniform porphyry-skarn ore forming system. Appearance of porphyry copper
mineralization in some skarn deposits implies that skarn copper mineralization of the study area resemble to
those in northern sub-metallogenic belt, having uniform porphyry-skarn ore forming system. Therefore, it is
presumed there should be potential to find deep level porphyry-type Cu-Au mineralization targets.

Key words: skarn Cu-Au 4+ Mo deposits; shallower skarn; mineral assemblage; exploration of deeper

porphyry copper deposits; Shannan area of the Southeastern Gangdese
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