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Ore-fluid sources and genesis of Phapon gold deposit, Laos: Constraint from
REE and C, O, S isotopic characteristics

GUO LinNan, HOU Lin, LIU ShuSheng, ZHANG QiMing, XU SiWei, SHI MeiFeng and ZENG XiangTing
(Chengdu Center, China Geological Survey, Chengdu 610081, Sichuan, China)

Abstract

The Phapon gold deposit, located in northwestern Laos, is a calcite vein-type gold deposit controlled by NE-
trending brittle-ductile shear zone. Based on detailed field and microscopic work, the authors compared the
characteristics of rare earth elements (REE) between calcite vein, red altered rock, weak carbonation limestone,
unaltered limestone, and realgar and orpiment from the calcite veins. Combined with the C, O isotope compositions
of limestone and calcite and S isotope compositions of realgar and orpiment, the authors investigated the nature
and source of the ore-forming fluids and ore genesis. The auriferous calcite, altered rocks and unaltered limestone
show generally consistent HREE-flat patterns and negative anomalies of Eu and Ce, whereas the calcites show
slight LREE-depleted patterns and relatively high Tb/La and Sm/Nd ratios. In the Y/Ho-La/Ho and Tb/Ca-Tb/La
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diagrams, the points of limestone, altered rock, and calcite are basically consistent with the trend line of recrys-
tallization and remobilization, respectively. The C, O isotopic compositions of limestone and calcite also show
similar geneses of marine carbonate. These data suggest that the auriferous calcite vein and the related hydro-
thermal alterations in Phapon are products of one fluid system in the same mineralization period. The relative
formation sequence, from early to late, is in order of weak carbonation, red alteration, and calcite vein. The al-
tered rocks and calcites have genetic relations with the wall rocks. Considering the ore deposit geology, the ore
fluids might have been mainly derived from dehydration and decarbonation of the Lower Permian limestone
during the dynamic metamorphism. The 3*S values of realgar and orpiment range around 0%o, and the calcite
veins contain lower XREE, suggesting that the magmatic and meteoric waters might have been involved in ore
fluids. Combined with the regional geological background, it is believed that the mineralization of the Phapon
gold deposit probably occurred during the regional brittle-ductile tectonic activity caused by the collision be-

tween the Sibumasu Block and the Indochina Block in Late Triassic-Jurassic, and was driven by magmatic ac-

tivities.

Key words: geochemistry, rare earth elements, C, O, S isotopes, ore-forming fluids, ore genesis, Phapon

gold deposit
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Fig. 3 Typical deformation, alteration and mineralization in Phapon gold deposit
a. Boudinage deformation in limestone; b. Ductile deformation in limestone; c. Fresh limestone hand sample; d. The orebody from the center to the
edges: auriferous calcite veins, red alteration zone, and weak carbonatization zone; e. Carbonatization residual in red alteration zone; f. Auriferous
calcite veins filled with thin carbon layers and disseminated realgar and orpiment; g. Red alteration hand sample, crosscut by calcite veinlets; h. Weak
carbonatization hand sample; i. Recrystallized calcite, calcite veinlets and siderite in red alteration zone (crossed nicols); j. Disseminated realgar
in calcite vein (reflected image); k. Coexistence of fine-grained native gold and magnetite, included in calcite (reflected image)

Au—Native gold; Cal—Calcite; Mag—Magnetite; Rar—Realgar; Sd—Siderite
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32.90x107°4h, Hi4y SREE 4 5.80%x1076~9.91x107; £1.
1k ih A% 5 () TREE N 7F 2.94 % 107°~10.80% 1076 75 Fl
Mo AW T I0 R S KA 59 AR KA —404k
AR S SR AR P2 1E 18.30%1070—11.20x 1070
7.09x107°), = F BIH L IO K F o ik HA—F 8
W E2BRm TR E S, B TR FHARK T
KRB (Bl 4a) o KA 5500078 K 5 AL AR ik A2
#+ ) LREE/HREE L {H 4351 3y 2.04~6.68 (°F- 4 {H.
3.51) .2.05~3.60 (V-3 {H 2.55) 11.0.88~2.59 ( °F- ¥4 (&
2.06) , W T EEAR b G o IR AN i, HLARKIKR
W5 o 3 A A AT AR B AR LAY 1 Bu S+, H 8Eu
1843 %1 4 0.60~0.84 ., 0.54~0.66 F1 0.55~0.74; LA Bz %%
5 1) 17 Ce 578, H: 8Ce {H 43 71l 4 0.15~0.56, 0.27~
0.49 110.28~0.39 (Kl 4a) . 3Ff A M w(Y) M, &
I A3 4.62%1076~16.30x 1076 (SF- 2] {1 9.73 %
107) .5.21x107°~16.50x 1076 (*F- £ {& 9.14x 10°6) Fil
3.50%x107~22.00x10°(FH4{E 8.91x107) .

AR 3 KA RN 2 Bl AR S 4 T A
YREE A%, A T 1.50x107~4.98 x 1076, F- 1 2.67 x
1076, Gk b5 F R TR T AR /R (K 4b) o
LREE/HREE /{8 4 0.88~1.89 (-3} 1.25), Eu %
RN, SEu o 0.69~0.81; Ce S & Al X 453 ,
3Ce fH M 0.35~0.46, w (Y) A XF 3 % (2.14 x 106~
7.55%107%, F-F){H 3.68x107°) .
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Fig. 4 REE patterns of country rocks, altered-rocks, and hy-
drothermal minerals in the Phapon gold deposit
(C1 chondrite-normalized data after Sun et al., 1989)
a. Limestone, red altered rock and weak carbonatization
limestone; b. Gold-bearing calcite, realgar and orpiment;

c. Average values of the five types of samples
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IRFR R, HAMA T 25 B R e R
R LU R TR A EL AR (B 4b) o HEER
WS O R B AR AR AL, BRI
HZREE H 0.24x107~0.70x107¢, F- 44 0.38x10°°,
LREE/HREE {8 4 5.84~10.30(°F% % 8.90) , w(Y)
0, B S AR T LA T f#A L o4 0.093%107°~0.294%107°
CFH{E0.15%x107°) , SEufH -~ 0.48~1.20,2 NFE 5 i
7~ Bu SR, 340 3 FE N R 1055 1 IE Eu 5
H 5 8Ce (HAS AR /N, bR 1ANFE 5 5 B B 671 Ce
St (8Ce=0.53) 4, HAx b i 19 8Ce fH7E 0.71~0.91,
A,

42 C.O.SEfIEAMR

AU AT 407 XK 5 F 384 Ji il 1) C .0
[ 43 2 L A AN 2 2 AL 6 BT o BB Mt A 1) C [)
BLFR AR FEI /N, H 813 Cpp H 0.9%0~1.8%o0 , F-3)
1.6%o0; IR+ 1Y 83Cyppp 70 Bl K 2.6%0~3.6%0, V- 14
3.1%o , W 5 T 7 A1 o 7 A1 B O RIS, 43 A 4R
e B TAMRE SR 9 880y spow (23.8%0 ) AR AN, Hofth
FE i 1Y 880y guow TH 2 H AE 28.7%0~29.6%0 ; 1K+ Y
8% 0v.smow TELWE AR F 77 fi# A1, 247 18.8%0~27.4%o, 132
24.3%o.

M 5 4 4 DX e 88 R % 1) S [R) 407 28 4L Bl ln 3% 3
7 BT 7R o 8519 834Sy.cpr TH 28 1635 Bl AR /)
TE—2.6%0~—1.3%o0 Z 1] , *F- 3B 24 —2.0%o0 ; MfE— - HE
B AN 83*Sy.cpr THAH 1F1 L H—0.2%0

R2 WHEESTREMFHEAC.ORMEHRK
Table 2 The C,O isotope compositions of limestone

and calcite from the Phapon gold deposit

XEETH  BERS 8Cy /%o 30y avow/%e BT
PB-PDB04-1 15 29.6 Guo et al., 2018
PB-PDB04-2 1.6 28.5 Guo et al., 2018
PB-PDB04-3 1.6 28.7 Guo et al., 2018

_ PB-ZKB04 1.7 23.8 Guo et al., 2018

A ..

PB-S-B01 1.6 29.2 A

PB-S-B02 0.9 29.1 NS

PB-S-B03 1.8 28.7 A

PB-S-B04 1.7 28.7 PN
PB-PDB03 3.0 25.6
PB-PDB05-1 3.3 25.5
PB-PDB05-2 3.3 27.4

" Guo et al.,

WA PB-B01-1 2.7 18.8

2018
PB-B01-2 2.6 20.3
PB-ZKB02-1 3.6 26.1
PB-ZKB02-2 3.3 26.2

51 FHBASHETENKERR

i e RIEAIE R O A T E R Ui
TR A B o0 & LT R 32 FEE ROV S
PR L, s e R MU BER L2 1T DA S50 R B i AR DR
JEHIC 2 N F I ™ VE A5 (Wood et
al., 1994; Guo et al., 2018; B EL W4 %5, 2015 ; 55 MK Ak
55,2019) . KSR S0 RIS g A Lokl
AR RN 55 AR K WG e R BRI — 22
PE B =8 09 oo R E o th & AR AL, 4R I
FFf £ I0 RV LLGE U Eu, Ce 1 55 FRAE (&
4e) , I HETEARLE(2015) M 0 4 (555 4
J7 A K R R 21 Ak p AR 5 R4 ) N 5 A A 1) FA)
FICE AR — ([ 4b) . SN, ik 3 2R
1 Y/Ho H (B KARAHIT , 7E Y/Ho-La/Ho F fi# (18 Sa)
o RS KEAA, FB T 4 O A KRN A A AH G
{14 sk A 30 [R)IUD T B, ELAR T R R R T [l — i AR 1A &=
(Bau etal., 2003) .

B T H L oC R AR XN, e A ik
TR 5 RS AR K A T R o R R AR AR
—EW 25, J7f# 41 LREE/HREE H (8725 4k 5 Bl Ay
0.88~1.89 (V- #4°8 1.25) , Hiic 43 i 2 B AR SR B R 4%
T 26 £ o0 7 BURRAE (B 4b) o Z0fbih s 2
LREE/HREE B AH X4 , B T 1A 4 i 0.88
A, HABRE 5 BN 1.80~2.58 , BRI T &R
AR FRAE 5 55 ph AR JK %5 LREE/HREE HAE A 2.05~
3.60(F-1242.55) , R AR BR 2 HG LOTR S
EFFIE (B 4a) o 38 R UL, R A P10 LT R L
31 A2 3 EEBH B 1Y B o AR 1 29 (Morgan et

R3 WHESTEFEFMEESFEMLRAR
Table 3 The S isotope compositions of realgar and

orpiment from the Phapon gold deposit

v B 5 84Sy cpr/%o
PB-S-B01 -1.8
PB-S-B02 -1.8
PB-S-B03 -2.1

iy PB-S-B04 -2.6
PB-S-B05 -13
PB-S-B06 -1.9
PB-S-B07 22

i PB-S-B06 -0.2
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Fig. 5 Plots of Y/Ho versus La/Ho ratios (a) and Tb/Ca versus Tb/La ratios (b) for the country rocks, altered-rocks, and
hydrothermal minerals in the Phapon gold deposit (base maps after Bau et al., 1995; Méller et al., 1976 respectively)

al., 1980) , b i 2 b AR 25 %) F= B0k AR 7 1) 35 Sk 12225, Kt , LREE A% HREE B 5 ¥E A 7 fif £ 1)
i, T 55 407 fi A kN 0 O A % B . LREE® ARG BRI, WATR 487 1) 7 ff A DK O A 38 BR S B
F Ca [ B T2 42 22 I /NT HREE Hl Ca2 i) 5 -2 FICE B R . Michard(1989)F58 & 7L, 2

10
gk g wER SRR 1R F
st okmpn RN .
Sk Ll SRR RO O o O O
or o Tk 2 . v 1 R T 0
2 ) %
™ Pk g ] .
2 ol T | 6 0%
§4yﬁgﬁﬁﬁ%§%ﬂ@%ﬁ%%ﬁ%%ﬁﬁ8 ot 52 2 1
4 X
20k
-} HHLR A P
) O WH YU WL
ol O JiRE (K0
X JTREA (AL, 2017)
=35 . ! i i
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F6  WAFFEH KA I AT 87Cypp=0""Oy.syow B UG B4 3 18 55, 2014)
Fig. 6 The 8"C, pg-8""0y guow values of limestone and calcite from the Phapon

gold deposit (base maps after Yang et al., 2014)



38 % 2 FRARRESE AR ST R R AR IR S B R A - TR C 0.\ S Al FR A 245

fif A T R T R U A2 AR TR
AWM £ T R 2E 5, DL ORI IR 1
Pl o b3 2 iV A R A A T I R R A
25 R 2 RS Forb Y AR pHE T e i
T REET, 256 B vy o 1 T % B (Bau et al.,
1992), [tk BEEUERH + o0 25 4 A PO it
A1 38 H Y TR pHAE L 5 T 45 1T A 44 W o A
FH 5 i 0 70 28 5 B =X 00 ke 5 F = pHL A AR TR
T W AR 2% 5 I (Bau, 1991; Subias et al.,
1995) . X FWAFF 40, b & J5 il A P B, ik
CO; & B AIG, pH A T 5 5 HLZE PR 840 A o 1
b R R BT N, i, AR R
BB 7 A 2y 2 I R T R SRR, T AR R
TE BT A B R e . e RS R
i oG BB RERE , ] LUHIBEA 5 4 A9 b A8 /8™
AR AR X B TR A 58 (i A28 I — 214 I AR — T
filt 1 Kbk BT EM 0K 5%, To/La il Sm/
Nd [t B A7 25 L 45 78 & X, Constantopoulos
(1988) Fil Chesley (1991) 5% & BR , 7F [7] — J A4 4k &
W, BCRIE U T it A7 B IR Tb/La #1 Sm/Nd
OB o AR D2 2R, 559 1 AR 2 2T Ah i AR 25 1)
Tb/La FAE 43 5124 0.039~0.060 1 0.040~0.165, 171 7
fi# 47 B Th/La HAE U 5535 0.077~0.221 (% 1), B &5
TRIWIE . M, J7 i 4 1) Sm/Nd B (0.27~
0.40) 1, B &t /& T 21 Ak 1k 42 5 (0.20~0.35 ) 1 55 # A8
IR (0.19~0.24) , 2 B 5 4 5 fiff 42 RBKAHXIE B
[ 2 S 1 s V= L v S W 1 (SN o ]
FRE I 427 A Ay IOk A DG Ay AR Tt A 2 []— o
30 P [ VR A 1A 2R B4 7= 40, L AR B 0t Pl 7
B R 55 A IS LA AR S T i R
52 R REERSERIE

W VRELS FirzR WA 40 (4 2 4 5 fff 42 FIAH
Kb AR ) I — R Y Eu fl Ce T 52, &
A B % 42 AR 1) 2185 v (Ghaderi et al.,
1999; Schwinn et al., 2005) . [A] A, 33X 3 FEHIR A H
() 7=t 5 87 R Bl —— B i £ e R B o=t
FHIE (B 4c) , R PR T HE S5 KA M C, TR
Y Fl Ho HA AL M BR AL 24 1 0T, Y/Ho FufE )32
H TR ARAE i B R B (Xu et al., 2012; Pei et al.,
2017) o J7f#A A 5 Y /Ho FeAE SR AR 16 3 R
K, 37.8~61.3 Z 1], & B H @ #4951 (Y/Ho LAl
20~110) o SR BCE AR SE T A0 1 Y /Ho HAE
ZEHER R, {H La/Ho FU{H B A KKK (& 5a) , %

B AR 5 RO i A IR OB T K A R4S . 7 dh,
Tb/Ca-Tb/La [l fi# (1 5b) v F T HEWi 7 i1 L A 45
TS W) B TE B B A B (Moller et al., 1976) .
VA K 5 T A0 A A DT L P, AT HEBR S IR AR
S5 K VAR R A A AR HE A DX B
P X AR X 1) 320 AL BRI, HL Th/La FAE BRI
T, AR A T i A 5 R A AR Ak R,
AT BB IR T I Y EH R AL

WA S A I R 4 J7 A1 19 813Cyppp THL 4110
0 2484 4 BN 2.6%0~3.6%0 FlT 0.9%0~1.8%0;
8'30 . gpow TELAFNT AR ALK, 43 18.8%0~27.4%0 Al
23.8%0~29.6%0, FHEARAE(2017) R FHIEH A NE
5 8 A7 813Cyppp T U AH X A, 4 —5.2%0~—4.5%0,
880y smow TH M 20.3%0~21.1%0. U11El 6 7R , BH1 554
LA R 7 A 1 L O [ 38 4L A V% T AR e
[irEab e R e b i RV N S VT AR SR VI K7/ N e )
158 25 SR R R TR AR

195 4 A0 DA B R ¥ 1 3 e BRI T3
&7 A, ELBC o0 ih 42 2 B S 1 38 £ o0 R 3 A
LT T 2R AR DL 7 A, Rt 4
W75 R i EA SR R A 55 40 ™ 3
PRAT BEARAUAL S A A PG AL A E 45 A DG . I8
FIHE R 534Sy cpr (AR FEIAR /N (=2.2%0~—0.2%0 ) , &
FREY (K 7a) o P 534Sy cpr T8 5 W AH 57 2
ERFUUAE IR W AN A (& 7b) AN AT RER R Tk
LA s A Y3 B, B DX A L B - A
7SR B RIUAE 5 119 S [R) AV 28 2 B AE AL 1) 4 FAR T
T, B e el 32 S TRl & 20 iR 4 (&
7b) o H T AR X A RIS 5T ) AR Ak R R (43 5]
g —13.4%0~26.7%0 F1—20%0~20%o ) , 7 /A EL.AG B (1)
TR X, HobnE AR RS AR L L, DA A S
SR RA R AR RN S,

TE S E G R v, R X A I T B B 4 T fi
A Kk CRLHE 7 fff A0 R B M) A e R B =
AT I 1 20 Ak ol 25 R it o ol A, R A
BCA M SBTAA 1F OC R B IR, W REJE 32 B A
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Fig. 7 Histograms of ™S, ., values of realgar and orpiment from the Phapon gold deposit (a) and comparison

of sulfur isotopic compositions of realgar and orpiment at Phapon and related major geological bodies

(b) (the ranges of major geological bodies after Zheng et al., 2000)
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