20204F 12 R M S ¥39% 46
December, 2020 MINERAL DEPOSITS 39 (6): 1122~1140

XEHS: 0258-7106 (2020) 06-1122-19 Doi: 10. 16111/j. 0258-7106. 2020. 06. 011

ZHMRESE ST AR ERAMRAEEREX

PR, R IE AT R RE, R, iR
O AT AR P 1B A Be AT R A W), 7778 Hibk 541004)

W OE PR A RO T AR VLB SOl 09 P B, B S0, DX T AR A A B S S e
KA A bR LA RAAE T8 L S A . SRR R R AE S B AR AL IR 1) He  Ar R R RRAE T8 7R T
TR H IR 5 KA K R T /K IR A A BRI 22 17 T PR G B R e B M) 2 B o Il o2 28 4 B e P K,
af/vhé’]ﬁdﬁzﬁﬁfﬁimxﬁﬁ%ﬁ Au,Cu [V 3fe A Mg 5 X, 2605 i I A 1 1 52 T, #8577 K Cu A 8K

& IRF LR WA AR AR . PR E G0 T S R A AR B B i A SR AR B B A

/i\ﬁfﬂ:m&wﬁﬁ{ﬁ*ﬂmﬂaw&m& 4 A BB, P IRIR B BN FE TR B BE, b AR -G AU AR 1) vk b 24 F
ﬁiﬁ/ﬂa%@ﬁﬂﬁmﬁllﬂo TR B AR KR £ IC R FHERR R T KRR AR TE B AR I A AR T RE R & 0 (0 BT 25
A U BE R U AR 3 T A T B A B E R

KEIE M B VE R 0 R s 38 N B S i A BERRE AR 2 4

FE %S :P618.67 XHERFRERD: A

A study of mineralization in Pangkuam copper-gold deposit of Laos
and its indicating significance
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(China Nonferrous Metals (Guilin) Geology and Mining Co., Ltd., Guilin 541004, Guangxi, China)

Abstract

The Pangkuam copper-gold deposit is located in the middle region of the Luang Prabang-Loei volcanic arc
zone with favorable minerogenetic conditions. The andesite intrusive complex in this region with the geochemical
characteristics of island arc calc-alkaline volcanic rocks belongs to the environment of the volcanic island arc. Hy-
drogen-oxygen isotopes and He and Ar isotopes of pyrite fluid inclusions all indicate that the magma source of
the fluid was a mixed fluid of magma fluid and atmospheric rainwater groundwater. The late stage experienced a
continuous Rayleigh degassing process of open system. Sulfur isotope composition indicates that the sulfur
source of the metallogenic system was mainly deep mantle sulfur. It is inferred that Au and Cu should have come
from the mantle source region. Under the tectonic background of subduction and subduction, they carried a large
amount of Cu, Au and other metallogenetic metals to form rich ore initial magma fluid. Hydrothermal mineraliza-
tion experienced four stages: High temperature skarnization alteration stage, medium temperature propylite hydro-
thermal alteration mineralization stage, low temperature gold mineralization stage, and ultra-low temperature
liquid carbonation stage. The medium and low temperature stage was the main mineralization stage, while the
NE-NNE-trending secondary fault zone became an important ore-hosting space in the shallow part. The characteris-

tics of fluid inclusions and rare earth elements indicate the existence of concealed rock bodies in the deep part of
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the deposit, which are probably porphyry bodies containing ore. The results obtained by the authors are of great

significance to the study and exploration of the Pangkuam deposit and even the study of the metallogenic belt.

Key words: geology, mineralization, genesis of deposit, indicating significance, copper-gold deposit, Pang-

kuam, Laos
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Fig. 1 Regional structure map ( modified after Lepvrier et al., 2004; 2008; Wang et al., 2015)

1—Second grade structural boundary; 2—Third grade structural boundary; 3—Fourth grade structural boundary; 4—Ophiolite belt; 5—Metallogenic

belt; 6—Strike-slip fault; 7—Fault and its serial number; 8—Border; 9—Research area; 10—Jinghong suketai volcanic island arc; 11—Meso-Ceno-

zoic basin of Simao Pengshiluo; 12—Mojiang Lifu volcanic arc zone; 13—Vientiane-Hetao Meso-Cenozoic Basin; 14—Gonghe fold belt; 15—Kon-

tum massif; 16—South of changshan volcanic arc zone; 17—North of changshan volcanic arc zone; 18—Sea area
RRF—Red River fault; DBPF—Dien Bien Phu fault; SCF—Song Ca fault; SDF—Song Da fault; MPF—Meiping fault; (1)—Nan-Uttaradit suture;

(2—Dien Bien Phu-Loei suture zone; (3—Saiben-Sanqu suture zone; F,—Lancangjiang-Bananan fault; F,—Nanben River fault; F,—Loei- Luang

Prabang fault; F,—Poley Mountain fault; F;—Changshan-Da Nang fault; F.—Blue River fault; F,—Majiang fault
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Fig.2 Geological sketch map of the Pangkuam copper-gold deposit (a) and geological section along No.17 line of the orebody I (b)

1—Carboniferous, Permian limestone; 2—Permian skarnized marble; 3—Carboniferous, Permian shaly sandstone; 4—Anshanitic tuff;

5—~@Granodiorite; 6—Permian volcanic rocks: andesite; 7—Copper gold orebody and its serial number; 8—Fault and its serial number
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Fig.3 Typical ore characteristics and microphotographs of of the Pangkuam deposit

a. Vein ore; b. Agglomerate ore; ¢c. Disseminated ore; d. Epidote, garnet skarn (crossed nicols); e. Chlorite, calcite skarn (plainlight); f. Pyrite auto-

morphic crystal (plainlight); g. Chalcopyrite erosion metasomatic pyrite (plainlight); h. Gold and silver deposits in Gangue (plainlight);

i. Silver gold enclosed in chalcopyrite (plainlight)

Ep—Epidote; Grt—Garnet; Chl—Chlorite; Cal—Calcite; Qtz—Quartz; Mag—Magnetite; Py—Pyrite; N—Gangue minerals;

Ccp—Chalcopyrite; Kut—Gold silver ore; Elt—Silver gold ore
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L FR VA
3.2 He-ArRfIZ

BT R PR R BT L —,
AW TAER T SR 5 R FE A E T T He.,
Ar R 2 M (2 2) . PERRISW PRECED A L 24
AT *H 19 7 14351 24 (3.32~10.10) x 10-8¢m®STP/
g, (5.36~20.53) x 10 8cm?STP/g, “Ar/*Ar Ar/3°Ar
4351k (314.840.5)~(362.4+0.3) .0.1821~0.1883, 5
KA K (ASW) BY{E (AT °Ar=295.5 , 3 Ar/**Ar=
0.1880) Fb A 4230 , 1 55 M7 K b 1Y) °Ar/*°Ar LU AH
(Burnard et al.,1999)fF7E i 3 25 57 , R Wi i i 2
4 BH S R TR K ZL 4 o
33 mREMAIE

ARUR TAE FO6 SR F e 2 S T A [l 67 28 43
B, 253 0L 3R 3. BRT LA FF i HA AR R
1Y 84S {H (8.1%0) A1, BERR A R H AR B AL WA i 1Y)

&1 VRSB ABRAARRABROESREKS . ERMLEAN

Table 1 Water hydrogen and oxygen isotopic composition of gangue quartz and calcite inclusions in the Pangkuam deposit
RS (TR ALY W) 8180 4r4y/%0 3D g/ %o 8180 4yt %0
BK62 150"k Cu-Au B f1 PaE 14.4 -100 6.3
BK64 I 58 & Cu-Au il £7 A1 13.4 -110 53
BK 120 [ S5 Cu-Auti A 14.0 -99 -1.5
BK121 [ 501 Cu-Au® f1 PaE S 15.0 -90 -0.5
BK122-1 [ S8 Cu-Aut 17 A1 15.2 -100 -0.3
BK33 1 S8k B BRARER J5 Rt 26.0 -81 6.7
BK34 1 S8k EHRE IRz R Ji il 26.8 -81 7.5
x2 UVERBTKREGY @FE He Ar B RAM
Table 2 He and Ar isotopic compositions of pyrite inclusions in the Pangkuam deposit
[ VA YOAr/(10%ecm3STP/g) *He/(108cm?STP/g)  “Ar/°Ar  Ar/SAr SHe/*He(107) SHeSAr  “°Ar*/*He
BK106-2 [ 504k 5.92 20.53 328.6£0.8  0.1862 5.7740.59(0.42Ra)  0.00065752  0.029
BKI120 [ @4k 4.50 16.34 326.9+0.6 0.1821 7.15+0.68(0.51Ra)  0.00084871  0.026
BKI121-1 I 54k 10.10 14.65 314.8+0.5  0.1852 8.95+0.89(0.64Ra)  0.00040867  0.042
BK122-1 | B4k 3.32 6.02 362.4+0.3  0.1880 9.10+£1.03(0.65Ra)  0.00059798  0.102
BKI129 [ 5#{k 4.28 5.36 350.1£0.3  0.1883  48.08+2.58(3.46Ra)  0.00210803  0.125

1 - 3He/*He Y355 EUIE F R AN KA 3HAH(Ra=1.39x1076) 4 HUAE 5 A il £ ©Ar, O Ar = ©Ar-3Ar-295.5,,
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Table 3  Sulfur isotopic composition of sulfide in the
Pangkuam copper-gold deposit

54S . cpr/%0

v .
FEfh S (A 7&?’1@5{@ ey A“SPy,pr
BK12 I 5H K Cu-Aui £ 0.0 -0.9 0.9
BK63-2  M5#KCu-Aulfi  -03 -0.8 0.5
BK64 111K Cu-Auf 7 8.1 0 8.1
BK72 I SW &K Cu-Aul H 14

BK102-1 TS # & Cu-Aufi i 03 -0.5 0.8
BK120 [ B K Cu-Au @ £7 15
BK121 I W& Cu-Au® 7 0.4
BK125 I 51 Aud 7 0.5
BK129 I 51 Aud 7 0.8
BK199 I 51 Aud 7 -0.1

T 2 AMS, ) =5, -8%S o

S I3 A AHXF A (—0.9%0~1.5%0 ) , ELAV T His 8 A7 114
I3 A I (042%0) o Horp B 80 534S 1B 4 —0.3%0~
1.5%o, “F-35 24 0.6%0 ; BEH A 8°4S {H 41 -0.9%0~0%o , T~
1 20-0.5%0 I T B 11 534S,
34 PbEMIE

P T Sw K0 S 0 AR IEAT T a9
BRI 2R LUAE DN A2 , 25 0 DL 3% 4, SR I O 4 L
{5 200Pb 2%Pb 43 4ii T+ 17.928~18.776,2°7Pb /2%Pb 43 Afi
T 15.534~15.665,2%Pb/2%Pb 43 4ii T+ 37.913~38.809.,
w(Th) ., w(U). w(Pb) 43 %] 24 0.03 x 10°~0.192 x 107,
0.026x1076~0.289x1076,27.02x10~127.7x10°, U/Pb
FUfH . Th/Pb FLIEHAIG .

4 AR RS B

4.1 RH RASRIR
T HER B RO T Kl am A6 X, )2 £ 5

SRR AD S SR R R A UL 8 A A o s (X
FERR A, 2015) , H X 38k bl R 0L & b )2 (£ %2,
2013) , KA WK S ALY 57K A0 BAE A & 3 2L
BEFR U™ AR A 80 58 1R 0 351K 58D {HL 1Y) = 22 A
(Munoz et al.,1994) ; T S {4 & £k 0™ i A £ 22 R A1
[ ©OAr*AHe LUIETE AT RES 4 T K S8R kIR &
B v R Y B (300~450°C ) A Ak 522 1l i 2
] 4 7K 25 28 44 F (Maartel et al.,1998) , A A 73X —
BT AR S A A EAE R & 380 He K&
R T AR BB FET Y rh . 7E SD-8"0 Bk
FIf (B 8) I FAFOK XA N I, & R F R
Y SRR IE 8 7 R I A Sy SR 1R T S D A R R 7K 7R
MR KIIRA , B S5HF KRG Z 407 T AE il
7K AR EAE T (22,2013 #87K K25,2000) , B4
PIRAEINZ DT T IR R e i A Lt R

I PSR R £ (He-Ar) WF5T , BEEKH AR
i, 35 K 1) He, Ar JA] £ Z 2 B 7E “Ar *SAr-*He/ “He
(Ra) X 2 B (B 9) o7 F A AR AK (- | o —
Uiy 03 Z 6], 48 7R A5 BT AR AT RER H T IX = b O Y
TR 4 (Hu et al., 2004) , Hii1 3He/ “He 5 T RS FI/K
(CASW)F8 7 & WA I (4 77 7E H g He , i IR T RS
6L R 7K D0 2% B B4 A AR T B 5E He YA, He-Ar
i) 50 28 W 55 4 7 = O BT Ui 1A G A 18 1R 25 K i Ak
W, A ML R AL Ay A R K 4 5
@ B i FE A R AR SO ERR K 5 e LA
KA AR B 2 19 (Hu et al.,2004) 5 H 2 A%
FEAE 48 7 T AR 19 A SR U O 8 TR A AR R
W52 YR S O R 5 R K R b R K TR A TR R
(Burnard et al.,1999) . 5 F5¢ X B0 L i3 5~
5 I B -5 e 0k R ) 22 1 5T R B A
B AH— 20, Ul B B 1 5 I I 9 R0 B A R
HEEAR .

R4 VIRBURERY BREMRAER

Table 4 Lead isotopic composition of pyrites from the Pangkuam deposit

BEGL UPPUPL  PbRPL  MOPbRPh (PO CUPBAUPb) (UPHAUPY Af Ay —— W(B)U/lo : "
BK72 38716 15.665 18.405 38.714 15.665 18401 14 50  0.192 0.289 1217
BK75 38467 15.602 18.337 38.466 15.602 18333 10 43 0.055 0.026 27.02
BKI21 38231 15.595 18.304 38.230 15.595 18302 9 37 0.03 0.041 38.9
BK62  38.588 15.658 18.551 13 46
BK64  38.809 15.641 18.776 12 52
BK129 37913 15.534 17.928 5 28

?I . (zllpr/z()APb)t s (207Pb/204Pb)t ) (zoﬁpb/z(mpb)t %%i—\‘ 240 Ma D;J— E/‘J 208p/204ph s 207ph/204PhH ) z(l(be/zoztl:)bD
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BERRARHE PRIk AT 15 K 7 fif A1 L ZE 1A 7K SD-58"0 [ fift G S K s /K B L5 | F Norton, 19793 J5U4= 459 7K 5| I Shep-

pard, 1977; F/KZE5] A Epstein, 1970 ;48 i /K AYFE F 2734 T Norton, 1979 il Sheppard, 1977 B %K}

3D-8"0 diagram of fluid inclusions water from gangue quartz and calcite in the Pangkuam deposit(after Norton, 1979; Shep-

pard, 1977; Epstein, 1970; Norton, 1979; Sheppard, 1977)

8
Fig.8
4.2 M £EXRIE

i )57 28 4 3R B A 22 e )t D 2 22 TR DR
Hbs AR (K 10) , B85 BK64 B8k Y 834S {H A7 T 728 i
T FPURUE B[R] A7 28 4 B9 B, {2 BIE B 1 it IXC
WAT AR A, I S TTREsk | T UORL A i ok

10
g
o
ASW CRAHMIAIK)D
~ 1 F °
& O
4
= 3
I
i
T 0.1
0.01 . . . . . . .
0 100 200 300 400 500 600 700 800
CAr/*Ar

19 HEREA &0 R BBk AR (2L 1K “Ar/°Ar-"He/ *He
(Ra) KA & Ui 4% Hu et al.,2004)
Fig.9 The “Ar/**Ar-"He / ‘He (RA) diagram of fluid inclu-
sions from pyrites in the Pangkuam copper-gold deposit(base
map after Hu et al.,2004)

H OO, H AT RE sl 1 6 48 4S MDA 5 5 9%
i) S [A) 43 2 38 e (Gregory et al.,1986) ; BEFR U4 PR
TE LTRSS (<2 km) , ¥ —RFE R 2800 TR )
R, AR A A 3 P V2 A [v] 437 2R P-4 0l 32 (o S 4%
1993) , R 3l 2 Xk T[] She YL 22 [ 7 [) 7 25 A8 46k
TOXE DA IA B, PR IR Ak 4 =2 T 1) ) 467 3R 52 48
IR TERIRFTA . R RV AR b & iy
Au . CuB§ AT R F RIS, S5 Au,Cu WA X i
o 28 2 02 2 UIAH G 1 (3K TR 55, 2005) . 7K S
[ 40 22 0T 5% 2 BH A e 4 1) i DR 2 B2 TR b i A7
AT HERT Au, Cu B2k F HIE IR X 5 55— 5 A RIE %
TR T U R M) 3 S GRXAE TS5, 2017) , 0K
Y5 DX R SICT Hb | 2 0038 H 5 A 3 v PR vk 3 (s
B4R 500~2000 pg/g) , AT #EA K hE Cu, Au %5 i,
WA F R BRI G A AR B8 T )
JiFEAl ( Zajacz et al., 2013) .

TEAT A i A =X T, 57 T3 Ll 4 3
ZE BT (Zartman et al., 1981) ; 7E 8T Ay-AB AY R A
A (1D, B A o A v AL Ll e
M A R R A 2 A A A
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Fig.10  Sulfur isotope distribution in different reservoirs in nature (after Zheng et al., 2000; Hoefs,2009)
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P11 PERRIRR &0 R AL AT IR L 2R Ay-AB B 3 2 15T ORI RN IR, 1998)
1—H M 54T ; 2— b hFe it s 3— i se S5 i IR A I vp e 45 (Ba—r VB 3b DIRWERD) s 4—fb~A U0 5 S—I I HOUK AR FHA
66— IRAE AR I ; 7—IR B AR N MO Se iy s 8— 3 1A Y s 9— il B UA b se it s 10— A8 iy
Fig.11 ~ Ay-AP genetic classification diagram showing lead isotopic distribution of sulfides from the Pangkuam copper-gold deposit
(base map after Zhu, 1998)
1—Mantle lead; 2—Upper crust lead; 3—Mantle and upper crust mixed subduction zone lead (3a—Magmatism; 3b—Sedimentation);
4—Chemical sediments lead; 5—Submarine hydrothermal sediments lead; 6—Middle to deep metamorphic lead; 7—Deep metamorphic lower crust

lead; 8—Orogenic belt lead; 9—Superacrustal ancient shale lead; 10—Retrograde metamorphic lead
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5N b B ST TR S B VRO AR 4, AR 43
BORSZ8 FAS (RHE 58, 1998) , SO e T Mg % 4 7 P
Pb () ZE Tk, [ B A 1k A8 v i) 5 % S A
Dl 5 Rl St
4.3 R ELLRE

Ui AR AR ) 2t 5T R W HE AR AR 4 R A5
W B Wi AR L B AR BO R F, FEERUERELA
JRy FRTEAT ) N SRR A A, R T AR A B AR B
R A A AR ) A A SRR AR, T AR AR 4 Ty 325
O & AR A EUNT 50%) 5@ & i
SHEER;Q EARKREER., ST d
B DAL RINR Y (2 5) W], wARE ALRRE
T BRSNS B B R HR B TR
A A Y Bl S-S A A B 2 R ) B VRORE L A
BEAR JTTE 300°C . 200°C K 100°C A2 A7 i PR £6 B2 11 i
RN AR W] 8 5 Ak s 1 A DG (BT 12) (XDt
4,1999) . FEBHIE KA AE AT 43 4 B B
B AR (E13)

I B A A AR B BE (394~450°C)  FEH A L
T LA 5 R A ety T A A A BB WA A5
KA Y . B AR AR R,
MR 25% , 4 — R R 394~435°C , ¥ —AHA N
WAH , 3R w(NaCl )i [ 5.26%~5.41%, Wit i % i
5 A 0.49~0.59 g/cm?® (RN 55, 1999) , & # K =5
Tk ARER B LA B (R AT

I rpld 7 2 7 4 A A Tl A2 - A B B (180~

340°C) : FERINLIUIH T IE AL AR, DLy
AR AR Y sk A e R ST
Yy, R PEBE S R AL B & e o 75 A %
7 A0 A DA TR TR S22 R £ 1) i R A 2
R F B AR 0 AR 2 BB AT 10%~20%
) — R AR AL T 138~297°C, 4 P F 183~205°C, #h
J¥ w(NaCl,) 25 1k T 6.16%~22.38%, £ 1 T 14.46%~
22.38%, %% BE h 0.78~1.09 g/cm?, 3¢ I Hy Fifi I FF
G, e AR R 28 1 I 2 1 5 L v B AR L Y 2 S
1A (62~63°C) 945 FE (w(NaCl,)=12.81%) 5 i , 1fif %
o T ) B ZE A (92~95°C ) #6 B (w(NaCl,,)=0.53% ) fix
o BXFPERE 50 B A9 A8 1k 6 2 nT RE St T i 3 119
TeH AR W 24 7 31 3 b Rk R 5 ) 4 2 1
AR CRAE S, 1997) o F Ah 4 H B U8 B U S 3
TOU AR B B B T RE T A 43 K O A
1999) , DA T 5 250 r il o5 VR A By B MG S D A 2 1
Fh i B AR Wl P S 3T A BB R AL RN 4
PITTVE ;

I A6 365 45 46 B B (90~160°C) o >~ E 51k B
BRI R BT ) B e (R 4
WIVER) A A UTE A ST A
B R B —BUW A 50(5%) (B — IR B (83~
156°C ) . £ & (w(NaCl,) 4 1.06%~12.86%) K % J
(0.94~1.04 g/em?) , i 5 RS R 0 A1, 45 56 5 i B
BEATR , 4 S DUVE MR 2 BOR AR SR B B b IR (35 {4
4.2002) 5

RS MERBAET ARG ERENRLHER

Table 5 The results of microthermometry of fluid inclusions in the Pangkuam copper-gold deposit

FEf S o E Feyis FETY MK SHEU% y—RE/,C w(NaCl,))/ % W /(g/cm?)
o\ . EHEA S VL 25 394~435(5) 5.26~5.41(5)
17+100B154 1 # & AWABHEAY RS
Jifffi V-L 15 175~239(13) 1.23~6.01(13)
X Siif VL 10~20 183~297(5) 6.16~22.38(5) 0.78~0.99
BK118 [RIEEN SR A AL AR
Jrfgfi VL 15~20 179~261(17) 5.71~7.59(17) 0.83~0.93
Fap V-L 5 101~135(18) 1.06~5.86(18) 0.95~1.00
BK121-1 [ RIREN Cu-Aufl"
I V-L 5 112~156(2) 5.26~12.68(2) 0.95~1.04
BK122-1 RIS Cu-Aufi f1 {1 V-L 5 74~109(13) 2.41~5.41(13)
Vep V-L 5~20 111~210(12) 6.16~6.59(12)
BK 129 |RTEN Aullf
A V-L 20 232~298(5) 7.02~7.17(5) 0.79~0.88
Vep V-L 5~20 94~298(7) 2.24~8.28(7) 0.49~0.59
BK63-2 JIR7EN Cufi"f1 1%L V-L-S 10 180~327(2) 30.92~34.07(2) 0.85~0.94
Ffff VL 5 100~103(2) 4.18~4.34(2) 0.99
BK208 JIRIEEN Cu-Aufi™ 1 JiffEf V-L 5~10 97~218(12) 1.74~11.75(12) 0.88~1.04
BK34 I RIEN BRI Ffff VL 5 62~95(11) 0.53~12.81(11) 0.97~1.07

T A5 5 RO INA E BEA H
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Fig.12 Homogenization temperature and salinity diagram of fluid inclusions from different rock samples in the Pangkuam

copper-gold deposit(base map after Wilkinson,2001)

ol & HRA T v AR T B
A R I1 3 e -1 b B B
s O @44 [T iR Cu-Auli TL B B
O #E#H IV B R 25 B B
R IRV Ps
§
S 30
o]
Z :
< .
OO
20 PeIVV % = : II I
V/LE5%
! D V/L= 10%~20% V/L=10°0~2 00
o e <>@ - %6~25%
%8&% % elere)
/<>I<> L L
. 100 200 300 400 500 600
¥W—HEE/C
13 BF AR 4 ™ AR A [R] o B (A S A 1 — R 5 46 1 56 &R &1 i (S B 41 Wiilkinson,2001)

Fig.13

IV B AR TR B B (60~90°C ) . e R 4l [ 4,
B ik 152 Sk P e 5% Bk 0TE , 0 WAL o 7 i A A
EIRAEER, KA ECH 5% , B — IR EAR

HBEART

Homogenization temperature and salinity diagram of fluid inclusions in different stages of Pangkuam copper-gold deposit

(base map after Wilkinson,2001)

LT 62~95°C, Fh i w(NaCl, ) 4 0.53%~12.81% , FE 1
T 0.53%~1.91%, %5 £ 4 0.97~1.07 g/cm?, & 3 N bifi
FEUVEE G, ARG 78 by v 1 A B 465 R 32 141K
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EREEAK (Cole et al., 1986) .

g5 LR TEPE R R B AT T R n 4
BT M2 oy SAMRAIET 48R U T I i
HA R RFIE (w(NaCl,)=5.34% ) ; Bt 2 B TR0
TR G A W J 1 P T A mP AP o B Ay v 3k B2
AR (w(NaCl.)=20%) , B 4 il B2 JE— 2D BRAIR, 6 )8
VAR B D8 /IN T E B 4 5 AEAR TR R ARk 2 AE
T W5 i A A 45 i VR F (XD 5, 1999) o AL AR
BERE J 3R S AR I A 2k R o (142~572) %
10° Ba, &5 & %5 A0 i R U600 HE BT IR 16 T B U
(R4 ,2004) , 255 W 5% DXR B AE W™ IR 9 1l
TREE/NT 1.2 km, J& T P AR IR R BRI 07K .

44 R IERASHRTEN

PRI & 0 RS AE Rt AR R —rh = S i 2530
JF - T AR B AR B0 S B 1 W R i B8 A FH 7
AL T ) &2 R =S (250~230 Ma)
(Zaw et al.,2014) 5T 08 5 53 555 9 0949 38 5 1 B
(7= o A SR VS AR R LR 1 8 o S ) 4 ™
T ) AR, B A A S AR R R
T AR5 1L L R A KA S BAE AL RS
5 RIK AT AKIR A T8 B T (450°C LA )R G
LR (Roedder, 1977) , & A £R B AR %5 BE W0 I
IR B 2R &R R BT, 72 R A I TR A -
(Berger et al., 1983) ; #R A VE HZ 01 T 4 By Be
At A B T Ay RS i AS B B (394~450°C) | T
L T A A R T AR - AR B B (180~340°C) | TG
FE A LB B (90~160°C ) | IV A I T #4005k iR 3
B2 (60~90°C) .

T OEAE S EAEE T R AR I A
TR & A R A CRAE TR S, 2000) , B LA I8+ A
APy R 2A, R R R R R
& B AR AR SV W T AR RS AR T
S e S W TR T VAR A K O R A AR
Syl R B IR 5 L T P ke Ak
ARG A -, LAY R A R AR A |
BLERT A Gk e A 5 A SR R AR Rl Ak
WYy K 4 UTTE AR UTTE & 5 5 B 75 3 A0 R B2 ek
I, AR TR, 4k S A Wk SR T, S I 1A T
A AR AR R SR, R AESRUIER L, R
& TR EN B BB e (R
S R AR A A G B TR
JE RS — 2 AR, &S DU R S BRI
AL, AR b AV T S AR B A, £ B i

FI) 2546 I (Norton et al.,1979) , T Ji 383 (14 115 Vi itk
iR i AR | ZRIN N 2l o R Rl Rk A B sl ik e o, 20>
WAL o AR PR IE B b5 15 S5 R0 e 1 4%
i IR R AR DR 8 81 Ay 4 ) 1 V5L 4 5 25 9K
A HART I WA FH PR T AR A % - e B T R
PER A 43 I BUR G AR 3 b T B AR
TP IR, SRAERRITR <A AL B A 46
Z & m IRFNE T — A5 3K A R R, B 5
A ULIE 14,

5 FEnEX

(1) FREN RIS -BI BLH 7 T 24l i VE
U (CEZ245,2015) . Wi ial B AR X, 2 L
W iARE R Wk AR AR A R A TUUE B EAR
Y (kA2 ,1997) ,3X B AR R 55 A9 H . O % He-
Ar G0 BEWF ST . 55— i, B [ R A GE %
A DA AT AR 1 2 S 0 Ry e 5 2, S A A i 1
PR KR KR R KR A T
J A A U T b | 25 7 T AL B ) A R I
FhEE T 72 A T8 (A, 1976) , DA I X T 24 7
] 47 Y 25 W 5 2 B R 40 PR B i 1) B 23R T
] o X T BERR U R 7, HAL T X R B 22 1 7R
A, 082 PG A0 DX 32 15 A7 FH PR B 47 RS Rl AR
IR W 24 Mg s WE 7 J& A Al RE R E & 2 & )8
W H 7

(2) IRPFLI-BIG B BA 15 R 4
Za B R R, RE PSR, B S A
(&)W PR T 98t LI X ) — b+ 0 LAY 9 9 IR
FA AR K H 5 R 7R G0 AR R O 1 7
PR L1 IR iy R R (3K TR 5§, 2005) .
H AT, BRFHLIR-BF Sy & 5 B 4 A
R 5 BE AR S IR R A R IR R A (%
,2015) , B R L BB ARV ()0 IR . TR
T K e R A FeE s 7 T IR IR AEAE
B AR I A, G 2R sk A SR 0 A R R 5 0 P BREEH AR
AR5 T BB R T 28 B 717 A 3R S A0 ke LA
HRWE XL,

(3) HENPLI - w2 4 0 L™ B 2k
Ve, BEREM4R 49 PR 5 Chatree Hi 40 PR 7E A%,
W R BE S R 2 A 45 7 AR (2R B A
IR T —J7 10 AT R 5 A IR XA G,
Sy — S B AR G BURBY RGBT RE R
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Fig.14 Metallogenic model of the Pangkuam copper-gold deposit

FRILS B R A R AR AT b2, IR R T Y
TR RV AN KB fivh s AR (K S U] 2
2015) o PH UL, % F B BB - B B 1 4R
KA RS X FEFRY R AT, kol #E 5
DX U] =2 A B A B b 2 R TR AR 4 A R B A
N7

6 %5 i

(1) S0 AR 2R A BRIl e 28 Bk 7 A 0 3
PRE He | Ar [ {37 2 41 ) HE It (AR n] BE D 0K
Mo M 7e = SRR G, B s T IR MR B A SRR
W IR A S W R SR A S R A K AL M T
KBRS , WS 28 1 1 O R G ) B ¢ 2
R, A DX H TS S5 A & IR BRE - e 9 AR 51
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