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Fig.1 (a)Tectonic sketch map of the Central Asian Orogenic Belt( after Jahn et al. ,2004) ; ( b) tectonic map of NE China
( modified from Xu et al. ,2014 and Deng et al. ,2021) ; ( ¢) simplified geological map of the Duobaoshan area( modified from
Wau et al. ,2014; Yuan,2020 and Deng et al. ,2021)
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1 = volcanic and clastic rock ( Upper Triassic to Quaternary ) ;2 — andesite , sandstone and siltite( Middle — Upper Permian — Lower Triassic) ;3 — sandstone
and slate ( Carboniferous ) ;4 — volcanic clastic rocks( Ordovician — Devonian ) ;5 — Yanshanian granite;6 — Indosinian granite;7 — Variscan granite;8 —

Caledonian granitic gneiss;9 — fault;10 — inferred fault;11 - city
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2 \SFRY ARE XitREE (a) & 83 BiER&HIEE (b) (3 HIRE 2021 £1)
Fig.2 Geological map of the Bafenchang silver deposit(a)and Line 83 profile(b) ( modified from Wu et al. ,2021)
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1 = Quaternary ;2 — Guanghua Formation ;3 — metasandstone of Yaosangnan Formation ;4 — tuffaceous sandstone of Yaosangnan Formation;5 — sandy slate

of Yaosangnan Formation ;6 — granite porphyry;7 — quartz vein;8 — orebodies ;9 — structural breccia zone ;10 — fault;11 — drill hole
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Fig.3 Mineralization characteristics of the Bafenchang silver deposit
a~c - MPKRICRZ SR 47 ;d - Tr 8 PRI BT e — TRBRO IO SO (- SR 507 0 SE IR W Bk s g -
R AT s h — B 5 07 ST A SR T 51 - B R S R B A TN B 5§ - T N BRI AE | Oy A 2 A
W5k - I EYE R A BT AR 1 - FE BT R R F BT v A AT Am - EER T 5 Cop — BT Gn - 5 HYT; Mag - AR
Py — B4K0; Qz — f19%;Sp — NS0 Td - M4 D"
a ~ ¢ — veinlet — disseminated polymetallic sulfide ore;d — early — stage magnetite in galena;e — pyrite in quartz crevice ;f — chalcopyrite and galena in the
early — stage pyrite;g — galena replaced by argentite; h — chalcopyrite and galena developed along quartz crevice;i — chalcopyrite and quartz distributed
along sphalerite ;] — coeval of galena and sphalerite , chalcopyrite included by galena;k — coeval of galena,sphalerite ,and chalcopyrite ;1 — galena and tetra-

hedrite distributed in pyrite crevice ; Arn — argentite ; Cep — chalcopyrite ; Gn — galena ; Mag — magnetite ; Py — pyrite ; Qz — quartz ;Sp — sphalerite ; Td — tetrahedrite

R1 N\GHRT KT AUFERD R

Table 1 Chemical compositions of ores from the Bafenchang silver deposit

. wy/ % wy/10 76
T 2

Si0,  ALO, Fe,0, FeO MgO CaO Na,0 K,0 TiO, P,O5 Cu  Pb Zn  Au Ag

ZK87 -581 57.92 12.04 2.87 3.60 3.49 3.61 0.8 4.34 0.43 0.18 0.46 1.27 0.07 0.21 703.30
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gFER1
Continued Table 1

FEfh 2

wy/ % w,/10 76
Si0, ALO, Fe,0, FeO MgO CaO Na,O K,O0 TiO, P,Os Cu Pb  Zn  Au Ag
7K83 -3%2 61.12 7.55 2.56 5.48 1.8 0.31 0.44 6.60 0.37 0.16 0.12 1.13 2.8 0.10  277.00
7K83-483 58.10 10.45 3.11 6.15 1.96 1.66 0.52 7.41 0.32 0.14 0.33 0.04 0.08 0.17  210.20
7K83 -484 65.26 11.57 1.81 3.90 1.70 0.81 0.47 4.70 0.40 0.14 0.10 1.44 0.31 0.10  207.90

7ZK83 -3S5 60.23 13.28 2.79 4.40 2.62 1.46 0.47

5.30 0.61 0.18 0.04 0.06 0.40 0.08 86. 10

T DB - SR VT 55 T ) A e 5 S 1] .2020 4R 12 A

&2 N\SBHRT KRRMESIRER

Table 2 Silver phase analyses of the Bafenchang silver deposit

oy w(Ag)/10°
" L 78 1 AR FifL SRR M f 9240
REAL AT 1S iR A 2.36 3.29 118.29 100. 91

T G BRLAR ;BRI AR 55 L B At B 5 DX i) .2020 45 10 H

R3 \GHRT R B L BB TR R

Table 3 Mineralization periods and stages,paragenetic sequence of minerals in the Bafenchang silver deposit
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J5£2 C(>200 C), M FFHREERR 1 ~5 C/
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Fig.4 Field and microscopic photographs of the Bafenchang silver deposit
a - 198 - BRI B ;b - A3 - SRE B B ¢ - A3 RS REREERDT  d - O R O - SR IRl o 1 SR A R DT o s e -
ZE BB A - DT E N R IR TN R R B R g - Or T N AR B R I B h - N
7 BB 521 - AR 507 e AR - AR R R E AR k - BRRER IR VI H A SE B Rk ;1 - SR A AL A -
WERRLE™ ; Cb - BRE: ; Cop — BT Gn — J7 8 ; Lm — WEKA" ; Mag — BAERH™ ; Py — SEKA ; Qz — A3 Sp — INBEH™ 5 Td — B4R A
a — quartz — magnetite stage ;b — quartz — pyrite stage ;¢ — magnetite included in quartz and pyrite ;d — early — stage quartz — pyrite vein was crosscut by ore —
stage quartz — sulfide vein;e — polymetallic sulfide ore;f — coeval of galena,sphalerite,and chalcopyrite, early — stage included by sphalerite; g — coeval of
galena and sphalerite , early — stage pyrite included by galena;h — sphalerite and galena replaced by tetrahedrite ;i — argentite developed in pyrite crevice;
j — coeval of tetrahedrite and galena;k — quartz — pyrite vein crosscut by carbonate vein ;1 — supergene oxidation stage ; Arn — argentite ; Cb — cabonate ; Cep —

chalcopyrite ; Gn — galena; Lm — limonite ; Mag — magnetite ; Py — pyrite ; Qz — quartz; Sp — sphalerite ; Td — tetrahedrite

SYR UG , DA 5 BB SN A B H, 1 COL @& F +0. 2%,

SR (SN) #EER A Y H, B CO &t itk A 3.2 HEE

JEigAX W2 H, MR e 8D, I CO i [El i AR SO F AT B Bem R B AR AT T R G

ZIH 60, AR ZEANAEES ST £1% W, X FK S 24, I Bodnar (1993) #2
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Fig.5 Fluid inclusions from the Bafenchang silver deposit
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F 172 ~232 C, T B B4R 58 = 34— R % L F
185 ~245 C

BEIRREREAN T 1.57% ~4.34% NaCl, , ¥
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HEANT 1.57% ~ 4.34% NaCl,, £ 24 R 7E
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Table 4 Microthermometric data of fluid inclusions in the Bafenchang silver deposit

" HRE ik UK IR St — ) HIRET) -
P pidl} AN B3R R 3 YR pE
-~ " (pm) (%) (€) RE(C) (% NaCl,, ) HE (g/em”) {1/ MPa B/ km
I 7y 87 5~12 20 ~40 -2.6~-0.9 172 ~232 1.57 ~4.34 0.85~0.92

9.9~22.6 1.0~2.3
7y 20 2~6 50 ~70 -2.4~-1.1 185 ~245 1.91 ~4.03 0.82~0.91

CE - A - R TIT M BB BRA w5 Pt 7] . 2021 4F 3 A

6 N\GHRT AEBREH—RE-BEEAE

Fig.6 Histograms of homogeneous temperature and salinity of fluid inclusions in the Bafenchang silver deposit

AR B E AT 0.82 ~0.92 g/em’, FH
0.88 g/cm’, WK ALE/N, Forp T BRI 1A
BREASAL T 0. 85 ~0. 92 g/em’, [T U4 3 Ak 85 i A
6T 0.82~0.91 g/cm’,

AR IR AR R 14558 7.9 ~35.6 MPa, I§
5 FEETLE9. 9 ~22.6 MPa, fhiEH o R H
1.0 ~ 2.3 km, W & JK &5 %) 7T G AL T LT
2.3 km,

SV T\ SR IR 32 BT B B AL R
st IR AR AR B IR A RPAE

5 ik
5.1 pAREKIR
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TEAE 7R B9 ( Ohmoto , 1986 ; Calagari, 2003 ; Simmons

and Brown,2007 ; % 111552022 ) , AR E AR &
AR ZE R W% 5. ATLAFE Y, A\ 48 07 K A 3%

20

[ 8" 0y = 12. 45%0 ~ 13. 11%o0, % 25 0. 66%0, -1
{H 12. 89%0, 8Dy = — 110.8%0 ~ — 89. 1%o, i 2
21. 7%, F-34MH - 99. 6%o, it A Y — /KA [FfL &R
TEETE S 10’ Ina gy, =3.38 x 10°/7° 3. 40
(Clayton et al. ,1972) (T MR Z A i 7,
B4 K) |, 5 22 2 0 I B A A 2 A 1y 45—
TV 946 208 °C, THFE R AR 6" Oy =
1. 3%0 ~ 1. 9%0 , 1% 2% 0. 6%, F-YH 1. 7%o.
AR 2 B B 2B TR K
FE I K Z 1), B 5 A 1) 25 9% K G B8 R AR K
(BEI7) . RIS PRI B A2 B A 28K
HFES, FFNRA T —& | RS REK, BEA RS
FEsK ) 7K — 5 4k 2% i ( Taylor, 1986 ; Mernagh et
al. ,2007 ; B EAE 2017 3 #X SR 55,2021 ; 2L A 55,
2022) BT A AR E R R A S K T kA
A% . X3 b AL ™ IR 3 B B B A W] 1)
JE( BE5E,2009 5 32 % 30,2020 5 84 5, 2021 ),
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Table 5 D - O isotope components of quartz from the Au — Ag deposits in Duobaoshan area

®5 SEUHRERTKAXSERMRANE

X EE O [=TE e a7 HE/C %05/ %0 8% 0/ %0 8Dy i/ %o Bl e IR
W01 208 12.45 1.3 ~110.8
W002 208 13. 11 1.9 -89.1
GRS W003 208 12.92 1.7 ~91.9
NGTREIR 24 Rk VaE 2 AL
e W004 208 12. 89 1.7 ~107.1
W005 208 13. 10 1.9 ~102.2
W006 208 12. 86 1.7 21039
7K284 2 — 1 142 13.40 ~2.8 ~113.2
7K284 -2 -2 142 9.90 ~6.3 ~119.1
G g K328 142 15.26 “1.0 ~109.7
THEPRTIK W - A% ZK272-2-26 £ 142 14. 42 -1.8 -110.6 2% 3C,2020
bret ZK272 —4 —4 142 14. 87 ~1.3 ~111
ZK344 -2 — 1 142 14.30 “1.9 ~112.7
ZK272 -2 ~ 1 142 16. 63 0.4 S113.1
TC165 ~25 ~ 1 217 7.6 -2.7 ~102.1
TC165 ~25 -2 217 6.9 _3.8 ~107.4
ZK14 -5 -34 -2 217 7.8 ~2.9 ~121.7
ZK14 -5 -34 b 217 7.8 ~2.9 ~116.4
185 ~3YX -2 217 8.3 2.4 ~105.8
A9 - Z 8| 175 _117X -5 217 5.4 -5.3 ~123.5
KBV IR e - HA VaE 2 RIS 2021
SE 180 ~17YX -1 217 7.1 -3.6 ~124.8
175 ~12YX -2 217 6.7 ~4.0 ~124.8
E170TC19 - 1 217 5 _5.7 ~110.8
E170TC19 -2 217 5.3 _5.4 ~121
E170TC19 -3 217 6.4 ~4.3 ~120.8
E170TC19 -4 217 8.4 ~2.3 ~118.3
TZ11 181 ~2.3 ~15.3 ~110
TZ12 232 -2 ~11.8 ~107
TZ13 206 “18 “13.1 —97
:ﬁij Eié;\lgﬁg 714 s 262 0.2 8.6 -86 B4 2009
715 264 ~1.8 ~10.1 —94
219 267 L7 ~9.9 -89
220 262 “1.9 ~10.3 —92

TE A AL R B BR A w1 e [R] 2021 42 6 A,

INIF AR R I A B B R Y 80 M, BB AH
BOHAA™ R H it A B A B IR, 5 A
AT SR AR 2R 28 0 ( Calagari , 2003 5 £ 5 1
84,2016 8 5% ,2017) , NS0T IR BT I 1A
A Y 8D (85 DI E AR PR — 2, Ji i b &)
DL FRIAR BRI TE A KT 53 X, 1 1 it
AL oD Y B, — M 7 A oy 2 Al

WA S R R A P R R SR R A T A R R
5| ( Calagari, 2003 ; B 445 2009 ; XS 4 45 |
2013; 25 46%,2016) . AT LAH &, 20H KA
KR SREL T N\ R RS Ak v & R 6 2%
7 i, AHERR A AR AR 2 5, R
PRI Tt A0 2 1 3 IR AU R B8 ARG 4% 2 AR P AR
WERE T LA E WS
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B7 N\DHRETEBRT HE 6D -6"0 EfE (KE T He-
denquist et al. ,1994) (##ERIFE: 5 FE%,2009; = % 3L,
2020; X BiF%,2021)

Fig.7 6D -6 0 plot of ore fluids from the Bafenchang
silver deposit ( base map from Hedenquist et al., 1994)
(data source:Lii et al. ,2009 ; Yuan,2020;Zhao et al. ,2021)

L L RTIA N\ r S BT TR BT L R S 2 J KA
RABERBRS , AR ES,
52 WKMEAE

DX b A9 —TE IR PR BA AR L AR R

PR B R AE (325 3C,2020 ; Deng et al. ,2021) , /\
Sy YR RAHAS T B SRR IR (% 6) , & EW
RERIE 8 5 k5 20 A RV A IR A7 IR A 45 5
AT — & AR (RS B A e s ™
ik REN RS A E R ENES, 7
PR FEFFE R , \ o SAR 0 (R IAE A2 NNE [0 5K 14
Wty N A5 A e i R, 0 IR B R R
BT A TR AR B PR 5 R 8 DDA DG ) kL
-k, IR UR AR A
e B IR B LR 190 ~220 °C, W B T il Ik
BRATIR (120 ~ 160 C) . HAR# Wik R 6" 0 fHAE
1. 3%o0 ~ 1. 9%o, I . K F —TE IR IR ( - 6. 3%0 ~
0. 4%o0) , VLB ST 0 TR 19 B AR B S i
W SRR AT 3580 iy R 3R e 4, H
YERIEERREL R iR Aok 5, kR A
A B, R YR IO0E S KRR S A VLTS
STRMAESAERITE G, N\ i ik L i 2 Al
B R I AR A L AR N A S A
UG, Uk B O Rk S S R 0 W BT ) E R
(Richards 2009 ; 5 1845 2017 ; Bo#h T 45, 2019) , 5L
W) TUTUE I = ZEHLHI P R 2 AR IR A 1EH

F6 N\HRY KRS EYERY R R

Table 6 Comparison between the Bafenchang silver deposit and Erdaokan silver deposit

pogEaly=| I\ AR IR TAERERETIR
T HEAO B AW AR, DR ST Ak, R N . e
) o A L SSEZD /\m 3 m‘,/‘g\ﬁ/\ﬂ-ﬁ r
54 VR A ARV T, 0 RS B, 3 NN 110 B R WA 1 DAL
S5 4 2 =, IR, 52 NW ] 7 24 4% 4l
I U 8 4
AT YEE R Z &R (B %S INEE B AT EE N2 S B (RS ST N
TARMKATWASE B OTEE VAR B EME) A MA T R B LR KRG B kA EE A
R TR R =B R SRle A fgkas A T i A = hE
H5Wu A RXNERE RIS RT FEIAREN KA - RoklE RS Ol RN K BHA I E IS
FUATE — BT BB T AT A e - AR B i e 7o B e b B L
B R 6 - % R B e o SR N T - 6
th - U - DT B IR PR P
WS DIAIZEAL N (2R By O MEERRER ) s hSr 4R LA Sr A (REAR T IRZLAR AT ) MU AT DUAR (£ 4 B B
= Y (FEERET) L)
Sl G VN = N N1 B w A
e o 3 e ORI R %{fﬁ@%%ﬁﬁm*ﬂ@%wE{WfﬂﬁiﬁxEE.ﬂ*ﬂ@
F—IR 190 ~ 220 C;3h)¥:1.9% ~4.1% NaCl,,; H—EE 120 ~160 °C ;35 .0.5% ~4.5% NaCl_, ;%
TR % wi R = o B
W% .0.82 ~0.92 g/cm? 0.89 ~1.1 g/em®
Tk 60 1 1.3%0 ~ 1. 9%0 Z 18] ; 8D £ - 110. 8%0 ~ Fifk 8" O 1E - 6.3%0 ~ 0.4%0 Z I7]; 8D £ — 119. 1%0 ~
SR ARAE —89. 1%o 2 4] ; L A LA 5 AR IR S KIR S —109. 7% 2 18] B0 I 1A EL A 3 KRR S K IR & 1Y
PR, LA SR A SRl &2 EPs
R IRIEEA BRI AT 232.922.3 Ma~234.9 +1.4 Ma
W IR A rP IR A TR A TR A TR A
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Continued Table 6
pogE =] S\ AR IR TAERERETIR
B <1 ks - FAA P& RRUIE, 5STHRLER
HAbEAE T RBE 1.0 ~2.3 km; TAHLE AL DA R BT A R 5 R A O TN
KHEIE N 234.2+2.8 Ma
Bt Sk 5 AR % 3,2020 ; Deng et al. ,2021

ZRA N\ ST R R b BT RRAE 5 R I A A
(A FE AR, 2NN\ S R 1o e Fp R IR AT
R IR, Mot AR - h AR AR, Xk 28 5 Tl S
TERIZE T — SRR IR S TR (A IR RN PR, DA By KOF
FERR B PEART R I s2 i, A T RS I 5 3K
YRR L BHGR T Bl , Ry ™ S 4t T #4307 ok R
TR0 TR o8 P R 40 e e T DT 28 8 O B 1) b )%
RET M T AR S MG, ARSI IIERT,
WG A A AR NNE [ 5K P 2L 1 #2615 75
THREAEE A AR, B S A AR R R AR K
(AR B, 55 L B I AN W A% L FRL v 4
W IC R I m B b R ik, i FRARK
T, S S50 AR R I 8 A5  JRT B2 A , AN R AR 1Y
IRA FEEL S YL 5 0 AL T RR AR 2 4
JEUTVE R F B | e A AE NNE [a] 5K 2L B it g
B,

5.3 EEREX

Z M IX AV T 2% % M e 5 08 SO e () DFA 77
BT, F AR LR, 2l W Sl - SR E R
PFER T 3 KA i S s i), X3 ke A T 5k
FUHTE - A0S, B T IR E E AR 4
AT IX . AR R B AR R ) K A AN
TiZM X R 2 [, & A E 5
AHIT, HZRIE R 20 15 km (& 1e) , HAG HH ] 6 K
PSR B, AR SCHFIE B, 8 # PR , ™
TR EA S KRR A IR, AN A Y
S\ AR TR BT T AR B e HOR R A oK &2
S HORTE F B HAR T A X 8 P B 4 0 PR 4L
% HBL AR B R AR K £ RS (B %
25,2009 ; XBHEE 2013 42 A i 55, 2016 5 B4 I 4
2021) , M7 2252 1 XCHRGR 80 4 48 e 4 FR
AR HEAE M ZRIRAL , TR AT BA B R A 4R 1, 7]
A IERA T 2252 (A0 7 1) SO A s - B AR Y
-z, S\ RIS AT Be A7 7E B fk iy 5
B A RIIR A9 K L A - Uk s ik, H S —iE IR
ERAT R A T BB B — 45 AL PG 1) (9 A s R 1A 2R
KA ZF W H v EX S SN H .,

G BT ERIXHITE 1. A\ R R Y A BRAIR K
AT B RIS 56 XS ST IR I 4R T
VERS MU BT 70 2 F 2 i 48 7R T

6 it

(1) AR e R B2 07 T DU B BE ) I
AR R - BERRAT B B s ORI A - B
WR B ERRE A - R - 28 mmL BB iR
WIRIRE: - A9 - DB YIB B

(2) /\GARET IR 32 B B B It A G B AR AN
SIRPIAR A, B — R T 190 ~
220 °C,#hEHEPF 1.9% ~4.1% NaCl,, , %72
£F0.82~0.92 g/em’ , WKL H 7 IG(E 4 i 7E
9.9 ~22.6 MPa, i RE R 1.0 ~2.3 km, /\
SYERAT R I B AR A T IR AR R
AL 4R

(3) AR RAFFER, Ji ik 60 A2k [
1E1.3%0 ~ 1.9%02 1], 6D ZEAL YL HIAE - 110. 8%o0 ~

= 89. 1%oZ [a], AT AR A S SR R R SR TR

A, HERKES,

(4) B PR M J5T | A6 28 A R S S T or 3R A R
TERB, )\ AR R Ay 52 4 i 4 i 1% v A1k A
VR IR

Bt I oM s R TARAFB) BT R BT A K
RGN 530.8 G352 BT L5 R B 4R
RARA I LR, s T2 b4 2] F B xR
KF(KR) e A RIS 355, F A5 07tk
IRBOERENLNZR S ER—FETESH
Bt
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Discovery of the Bafenchang Silver Deposit and Its Ore — Forming Fluids Characteristics in the Northern

Great Xing’an Range

WU Rigen',ZHUANG Qian' ,ZHANG Shuang®, LI Xinpeng' ,DENG Changzhou’
(1. Natural Resources Survey Institute of Heilongjiang Province , Harbin , Heilongjiang 150036 ;2. Faculty of Earth Sci-
ences ,China University of Geosciences ,Wuhan ,Hubet 430074 ;3. State Key Laboratory of Ore Deposit Geochemistry , Institute
of Geochemistry , Chinese Academy of Sciences , Guiyang , Guizhou 550081

Abstract; The Duobaoshan area, located in the northern part of the Great Xing’an Range, is an important Cu — Mo — Au metallogenic area. The
discoveries of the Erdaokan and Bafenchang silver deposits in recent years indicate that there is a great prospecting potential for silver in this area. Most of
the studies have been focused on Cu — Mo — Au, whereas the knowledge of silver deposits is not in depth. The newly discovered Bafenchang silver deposit
provides an opportunity to study the silver mineralization in this area. Based on the detailed geological characteristics, we have studied the fluid
characteristics of the Bafenchang silver deposit. A detailed comparison with the Erdaokan silver deposit has also been conducted to provide reference for
regional ore prospecting and improvin metallogenic theory. The ore bodies of Bafenchang silver deposit are hosted in structural breccia in the form of veins,
which are controlled by the NNE — trending faults. The formation of the deposit was mainly involved in the following four stages:quartz — magnetite stage,
quartz — pyrite stage, quartz — silver — polymetallic sulfide stage and carbonate — quartz — less sulfide stage. The study of fluid inclusions in quartz from the
main ore — forming stage shows that the fluid inclusions are mainly gas — liquid two — phase inclusions. The peak homogenization temperature of the
inclusions varies from 190 °C to 220 °C ,the salinity ranges from 1. 9% to 4. 1% NaCleqv,and the density varies from 0. 82 g/cm’ to 0. 92 g/cm?®. The
metallogenic pressure of the ore — forming fluid is at the range of 9.9 and 22. 6 MPa,and the estimated metallogenic depth is 1. 0 ~2. 3 km. The variation
range of fluid 8" 0 is 1. 3%0 ~ 1. 9%o, and 8D is — 110. 8%o ~ — 89. 1%o. In general , the ore — forming fluid has shown medium — low temperature, low
salinity ,low density as well as low pressure, with similarity to the newly discovered Erdaokan silver deposit in the region. The ore — forming fluids should be
sourced from a mixture of magmatic water and atmospheric water for both Bafenchang and Erdaokan. The difference is that the ore — forming fluids from the
Bafenchang silver deposit are primarily composed of magmatic water and have been formed at a greater depth. It is inferred that the Duobaoshan area has a
great silver metallogenic potential , which could be exemplified by silver mineralization occurring both in the shallow surface (represented by Erdaokan
silver deposit) and in deeper depth (represented by Bafenchang silver deposit) .

Key words:fluid inclusion, ore — forming fluid , hydrogen and oxygen isotopes,ore deposit geology , Bafenchang silver deposit, Great Xing’an Range
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