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Abstract: The Shabaosi gold deposit is the only large-scale rock gold deposit in the Upper Heilongjiang Basin,
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but the source of ore-forming metrials and ore genesis of this deposit remain controversial. Therefore, based on
detailed ore mineralogy and pyrite microstructure analysis, LA-ICP-MS trace elements and S, Pb isotopic analysis
were carried out on different generations of pyrite. The results showed that pyrite in Shabaosi gold deposit can be
divided into three generations (i.e., Pyl, Pyll and Pylll) from early mineralization to the main mineralization
stage, and different phases of pyrite have obviously different trace element compositions. Pyll is the main
metallogenic stage of the deposit, in which elements such as Au, Ag, Cu, Pb, Zn, Bi, Co, Ni, As, Mn, Sb, Sn, and
Ga had relatively high contents. Co, Ni, and As in the three generations of pyrite occur as homo-isomorphs form
in the overall pyrite. Cu, Pb, Zn, Sh, Bi elements occur in Pyrite in the form of metallic Sulfide mineral inclusions.
Au occurs as Au*, silver-gold, copper-gold mineral particles and submicron-sized Au particles in pyrite.
As replaces S to form Au(HAs)~, which plays an important role in the migration and precipitation of Au.
The majority of Co/Ni ratio is less than 1, most of which fall within the category of sedimentary area. While some
points of Pyl and PylIl type Pyrite Co/Ni fall into hydrothermal area and volcanic area. These indicate that Pyrites
from the deposit is not a single source. Combining the S and Pb isotopic characteristics and trace elements of
pyrite, the source of ore-forming materials of the deposit was derived from deep magma source with a mixture of
upper crust and mantle characteristics and the surrounding strata Ershierzhan Formation. Combined with the
regional metallogenic background, it is believed that the initial ore-forming fluids formed by Early Cretaceous
magmatism formed Pyl type Pyrite. And the Early Cretaceous magmatism was triggered by the continental crust
delamination after the closure of the Mongolia Okhotsk Ocean. The content of Cu, Pb, Zn, Ag, Au and Bi from
Pyl type Pyrite is relatively low, and the content of Co and Ni is relatively high. Due to the addition of meteoric
water, the ore-forming fluids extracted the ore-forming material in the Ershierzhan Formation, rich in As, Cu, Pb,
Bi, Au, Ag, forming the sedimentary PyIl type Pyrite. PylIll type Pyrite of both sedimentary and hydrothermal
origin was formed due to the reduction of meteoric water in the late stage of mineralization. Therefore, the

Shabaosi gold deposit is considered to be a magmatic hydrothermal gold deposit.

Key words: pyrite; in situ trace elements; S-Pb isotopes; Shabaosi gold deposit; Upper Heilongjiang Basin
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Fig. 1 Geotectonic units (a, modified from REN et al., 1999) and sketch regional geological map (b, modified from
WU et al., 2006) of the Upper Heilongjiang Basin
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Fig. 2 Geological sketch map of the Shabaosi gold deposit (a, modified from the Third Gold Team of China Armed
Police Force, 2010), Shabaosi mining Area (b, modified from QI et al., 2000),
and Sanshierzhan mining area (c, modified from HOU, 2014)
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a— A A R T R YR BB L (Pyl); b—Pyl AJE -2 AR RLRE M 19 B 0™, c—Pyl T M+ TR R B0
d— "+ i A P E L IR YR -BIYCR R A1 (PyT); e—Pyll AT -2 H I RCIREE MG B k8™, MUK B ke HL e 854,
f—PylIFE A 1% PyIIF RO 2248, g— =+ 3l 4 oA 5 - B e kR 35 46 4 ik (Py 1),
h—f JE- 2Bk kv Pyl A JE 52 37 J5 A fOE BB, i— 2k 40 ik b PyIE JE 2540 k0 .
a—dissiminated pyrite in Early Cretaceous rock mass (Pyl); b—Pyl pyrite with self-shaped to semi-self-shaped granular structure;
c—Pyl pyritohedron pyrite; d—pyrite mineralization in Ershierzhan Formation as infected-agglomerated aggregates (Pyll); e-Pyll pyrite with
self-shaped to semi-self-shaped granular structure, coarse-grained pyrite with pressure solution structures; f-Pyll pyrite replaced by
Pylll pyrite; g—quartz-pyrite veins and pyrite stringers in Ershierzhan Formation (PylIl); h—Pylll pyrite in quartz-pyrite veins with
self-shaped cubic crystals; i-Pylll pyrite with other forms in pyrite veinlets.

3 WEHET ATEMT MET ARTEHRART 518, BERSHIFIE
Fig. 3 Photographs and reflected-light photomicrographs showing different textures and morphologies of
different generations of pyrites from Shabaosi gold deposit
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B4 WEHESH KRRHKT HEBITR LA-ICP-MS FidihLk
Fig. 4 Time resolved laser ablation depth profiles of representative grains of mineralization stage of
pyrites from the Shabaosi gold deposit

AR 227.73x10°% . 6.60x107 . 2.09x107°
0.52x10%, Vv, Ga. Se. Sn. Te /54 1 5] 34
WS AR ER R, V. Cr. Mn, Co. Ni, Ga, Se,.
Sn.Te JLE M -3 it 5301l 0.52x107,23.24x10°6
2.35x10°, 203.81x107°, 160.25x107%, 0.07x107°,
43.60x10°°, 0.68x107%, 0.14x107°, LA-ICP-MA 3#|fit
Mzt FHIEE Cu. Pb, Zn SR 14 (K 4e, ).

FEAR L, Pyl Fil PyIIIH AH X & 48 Co 1 Ni, Pyll
FAIXTE4E Cu. As, Ag. Sb. Au. Pb, 1fi Zn Al
Te &t o B 221k (& 5).
43 WREMERAK

A SC R AR TN T T8 L A IR A 3R 4 BT Y
BRUTFE LK BT A5 B B B K A R B R

5 WEHET ARV MEREKT METREETNK
Fig.5 Comparative box plot of trace element
concentrations in the mineralization stage of pyrites from
the Shabaosi gold deposit
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A RHT NI BR [R AL R AR LR 20 wh 54
A 4 B Ak W R TR 52 3R o A L5 R R T 7)),
23 AR 19 RE AR AR TE A-2%0 ~ +6%017lL
FIN, i EE R, 0%Sv.cor [H A ZE A 040
fii, HEIEA A0 (B 7), Bona KL, &M
iR F IR I

44 SREIMIEARK

AR SC AT AT B AR B R A R A L3 2,
ZRETT AT EAE, 11 4 Eamibyny 205Pb/2%Ph=
18.111 3~18.442 8, 207pp/204Ph=15.435 4~15.503 6,
208pp/204p=37.938 4~38.526 7, LS [EIfLE u fH N

9.30~9.69, AB iy 14.93~24.46, Ay {EJy 25.03~41.30,

El6 WEHEH RTRMT M ERAKT METHEHEXEER

Fig. 6 Binary plots of trace elements of pyrites in mineralization stages from the Shabaosi gold deposit

BE7 WEHEVKREERUCYNRRMVRMNEESE@)MBREMAREARTLLE (b, AW, WEHHKIAHEY .
ZHRAEF B\ BRTF, 2006; = +—34R(E)H HIESI B EZB, 2020;
ERMET BiEsIBNESE, 2020; KEEAHES, 2018)

Fig. 7 Frequency histogram showing ¢°S values (a) and contrast chart of S isotope compositions in the Shabaosi gold
deposit (b, the data of the Laogou gold deposit, Shabaosi Forest Farm gold deposit and Ergenhe gold deposit from WU et al.,
2006; the data of the Ershiyizhan Cu(Au) deposit from WANG, 2020;
the data of the Hulalin gold deposit from GONG et al., 2020; basemap from HE et al., 2018)
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51 EHUFT HRHELZBERSEETEINH
A S PG B do UL B R B W), B

AR LR, BN EEA =M

(L) AR AFFE 070 dds oh s (2)LAA K
AT WAL BERAFAE; (3)LARICK G T WAL BE AR A7 AE
(Large et al., 2011; RG4S, 2020), M JCER 5%
G R TE G A R AE IR A W] DG 1 SR Ot R
Pl 2R T . A5 F U R DIE R R S 0 X e
Prdts b AT R, WHZoT R EoER il & 5
Fe JLE MBEOGRH M 2R AL, B — 4 ERNE
&, REARBM EHEFI #HETR A LM
LA AT LG K AR T S AE T Bk v, %
LR BRI & SR 2 4b “Rig” 5 R
7 (HeipfdsE, 2016; WU, 2017). LN, HOLH)
o as A HROAS T R O b2 R Pl B BT R T Y L R
A, AT 5 ) okt by 28 S22 R S 2 AR A8 R 1 1 OO (PR AL
45, 2019) . Pyl ¥ 247 A7 7 Ag-Au-Sh-Bi {14,
Pyl E5 458" LA-ICP-MS {55 KI(&l 4e, PR
Cu-Pb-Zn-Sb-Bi fi{£ il Co-As-Pb-Sh-Bi {4,

BBk ORI B Hh 26 T A1, Co. Niy As JTE
FlohphZe 5 Fe JuRE R B R, FA N
TR E 2, RY] Co Ni s koo R AZE [ 4
(L 2B AR B R A% TR Y Fe; As AR R RI 4 T
KA B s U S, 1 Cu 5 Pb. Bi i
A CRIET BRI IARRAE, FLZEAE G
Pl b S B A AR SC R (181 6h, i), Ak, Cu. Pb,
Bi ‘LR U W HEKRNIERCGEMRY . e . %
AT RAE T SA R, H Pb, Bi JCEIEA[RELIY
Cu ¥ EKIEXFTE. Ag 55, 76 3 it
BRI R CRIET B AT BIRHE, (A
JEAE Pyl Bk Hh o e B o TR, 7EI&] 6b
A 6g £EH, Ag 5 Au., Bi (IEM &, Uil Ag
JCER DAAR &0 A S AR AT TRORE R A7 T Bk AL B
Hio XF Zn, Sb o E, HAE 3 AR kD ]
P52 R B AR RURRAE, 150 BF ¥k AR AT e A 2
THUNINEET . FEBR ) A A

Au FEZLIA L Au 5T Au TR AT
Tz, Hehm i Au EELRA IR AL
Prrb, REAGWRIEA RN . AR,
AT 4 WA T Y 09 % b (Bralia et al.,
1979), MHET AN, DEHETIRP AL Au LA
BkARLIa 400 =, AR e (Rt B AE, 2015),
ARWMESE Au ) LA-ICP-MS {5 578 3 25 W4k p rh 1y
P S I A 4R AE (K] 4a, ¢, €), 5 Ag. Cu. Pb,

Zn. Bi FIMES MM, MEICRERE S Au
RIS Ag. Cu. Pb, Zn, Bi WA IEH
Kk (& 6b, f), $5~ AuFTRELUR & B &0 09
A 2 PR ARORE DI RO 19 A A & A T 3k

Reich et al.(2005):# &k X - AR T 45 4 1 ok P4 ik Y
SRS, I T AuTES As BERDTH RO
fil B Hh £k, Bl Cau=0.02Cas+4x1075(HH Cay. CasZd
B Au. As [WEEJRIREE) . W EWI &0 Aulg As
TR IEAEE R (E 6a), HEWE S MERK
WMEMLZ T, FRA WA TER D H DL
& (AU JE A7 78 (R B8 26 45, 2020; 5K 21 1 5%,
2022), 4k, LA-ICP-MS 15 5 FEa Hh £k 78 Pyll %I
B BT I (E 2R TE 3 Rk A B
(K 4), KW EE £ P IEA T e WA EAT]
4 (PRAH 555, 2019).

W40 K Pyl Pyl #4k5 F As o
FOEAL, U2 Au it i Pyl RV Bk As JT
oA, B AR As X Au TITTE & 5
HEEAEM . BRI &0 KD 5 Ay K
-CO2-Np-CH4 1A R, AbFiff J3Rks vp (i) %5, 2008),
AT UHERTZE & As 5514 F, As Bt STE AL HAs?, Au
PLAU(HAs) TE iz, fE—aE &N T 54
B FESAMUINE (KL AE, 2022), As BT 5 S
T HA MBI AT, EmE 5 8E8%e i S &
TRAERFFESAEH, M Au 5 Cu, Pb, Zn, Bi
AL, DATOREIE XA T v gk 0k S [a] B e
EIRA S Au I Y AR RAE T 202k i iy
PHEWIEN] T X —4518 (K 6b~f), & LKW, Wb
W0 IRt R As Xt Au BT . B4R UUIE
i RHEA EENE.

52 HEHHT KE

BT Co. Ni &xPAKFRIG M &gk
s A% Y Fe, Co. Ni TTERT Y4 HL 2 & F th £ 3
M JLAE Bk 9 7 148 {k (Bralia et al., 1979),
I3 E A Co. Ni 7EBEERA™ H Y 3 o ok ] W7 2k
W HITE RS . ANFEAY Co/Ni FAR AR ) #4210
A H A, Co/Ni FLAE /N T 1 BBk w38 2 R A= 1T
FURIA, Co/Ni FLEAE 1.17~5.00 2 [i] B BB A g #4
WA, ks R # #k5 Co/Ni iy 5.00~50.00(Bralia
et al., 1979; Koglin et al., 2009; & & %%, 2010; #X
IeHeAE, 2019), B 5 e IR o A [m] T A B 2k 1Y)
Co. Ni ZEd (K 8), LBLER 5 445/ Co/Ni kb
KT 14, HA AW Co/Ni [HAH <1, KEBA S
NI 295 AP PN N 15 N 4 S S B2
KYEE, RIS IFAE R —RIE . PyDR 242
SIS, AL T UURURIR X, AT
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o IR LR N RGBT BT, 3R B R R R AR
FYRRE o Pyl B4R A 43 A F TR ki X, PylIl
RV B V8 ATTRUBCA . B R A0 A P
T, HTAFIE R (R 215 5%, 1986), FIFH s ke
Co/Ni HCAEHR T B R IR, 6 4 $RIR B A% i 44
ORI A K T B Ao 8 il o0 R LA OB R
fiEo Wb, 3 XA 5 4 4 T R I A AR S A
. AREERAFNM RSN, NN R & R
RN SNV &/ & S =S [ ECE 3 N
(R4, 2015; 4= 3¢, 2015), (ML, B840 K
Co/Ni FL{E 3 P25 S v] R & il ol A Hh B Ak 1Y)
A S R A3 Bk O 2 PR R R, SRR TR
R R AR AE

53 RH ¥EKIR

PR IR, 4@ B AL ) B R T AR A
— B YL E I T R AR DO T B, TR 56
THBRAOR IR, 6 N5 B E R 2 S8
PR b G [ 2R A 2H L (0%4Sss), R INF ik 3% 7% &
4 & G AL AT B N & A TV I 35 0 TR i B Ak 2
AAFGRIE . pHME . 4R DL 3 ¥R JE) (Ohmoto,
1972).

— MR, YR R IRL R T 400 °CHY, I
PR FZELL HoS 1 SO, B U1EfE, MR JE/NT
350 °CHY, #fi e % £ E LRI AFERER A HoS o 24 mii™
PR R B AR, o AR 32 % S HS, Uik
SRR R 4R B AL 1 0%4S 5 & B PR
B [ 457 28 41 A 3T (0%4Ses); 24 500 S A g B, LA™
PR FEEN SO, BLAM T &SRB T R
SRR 2 7 41 34S(Ohmoto, 1972).

WEM ST IR AT WA RE, UhE)E
WAk, FENERY, BORMER . NEEE,
JUT WA BRIR 20 W, U0 0 R 2 7 AR R

B8 WEHEH KRJEKH Co-Ni BE E#
(FEE#E Bralia et al., 1979)
Fig. 8 Correlation of Co and Ni in pyrite from the
Shabaosi gold deposit (after Bralia et al., 1979)

ST, B AR R T, HS R E,
& J@ B A PR IR 7 28 AR T DA (U 2 R i A4
HR B )07 2 41 A, 2 1T AT LA 7% HOk I (Ohmoto,
1972) . WS W & 0 Rt 6%S H 4 Aii 5 Hl A
—8.3%0~9.6%0, -1 1.25%0, 534S {H A5 k3 I K,
B 23 ANFES AT 19 AFE S ERVE A —2%0~6%o 14 71 [l
W, A e, oS E AR oA, H
B0 (K 70), WonmREGERE, FRWHRAT
REBA I o BB SC T H R B i oy B R H K £
BRI DR S I RRAE, U B W &0 K
HH (1R B R A TR 2 2 %) R W5 S 2 1 2 e )2 1) 5 )
EHHIREARAEE, FRBETAMETREZHEA
M TR PRYF A HEREAE B G IR, A0 = — 3 ] (42) 9
Z4EBEmALY N 6%S N 1.1%0~5.3%0( F it #
2020), ZINET &JRMILY 6°4S R 4%0~7.8%o(ik:
T4, 2006), Wb WroMk 3 & B 0%S (H N
2.9%0~3.1%o(il) 45, 2006), M4 H" 6%S K
—0.7%0~0.6%0(iX)" 4, 2006), JERIM4AH" 6%S [HH
—0.2%0~2.2%c (L EE%:, 2020), WEHTEH K 0%S 4>
AL S X ey R E S, Wi, IR &
PR H i A TR IR A SO IR, Ok A F A s 4L
AHZ

W 0 R R L R A R —Fae, 281k
JE RN, HS A i, BRI Rk B 5
Fo e M IR o R BT R 2P o (1 RE SR AL AT 48 7 1
Jad AR BB, K p (S o (85— b g VR
(Kamona et al., 1999), 11§ x HF17 o {545 Ay #L7Y
(R 78 A P8 (5 IF 244, 2002), 5w fH (1> 9.58) 1%
BTN A S A N 1 S S 1 R — ok
U. Th %t &4 19 FHb5T (Zartman et al., 1981; %JT
M, 2002) WA IRE A AL R RS 1l
I3 A R A 9.30~9.69, “FH{E K 9.51(F 2), FKIH
KT GBS 1 (6(8.92), /NT FHb5e8 u (8
(9.58), WAL, WhEHT e IR AETRY ThiU A
b 3.62~3.78, FHMEH A 3.72, W FHLEAE Th/U
{8(3.45), X THI5SHA Th/U {E (2R 4), L2500 E
WA R R SEUFE, 8- mb W &0 R 14
N FEMIR G R IRARRE

Z’:E 206Pb/204pb_207pb/204pb *@iﬁ*ﬁﬁ@%i, @
5T R4S R 3R A U s 3885 Ry A v b 95 TE
S O A 3 R S 7 U - S
206ph/204ppy-208ph/204ply il it Y AL A LU IR A |, S
SRR AR (L A 2RI X, KR R 4
W IR RIS 28 LA 6 1107 5 (R R ARAE o 98 2
BRI ZARFAEAE AB-Ay BETH BRI RI A 52, o] A
B[R R ARAEAE AB-Ay BT B 4 o R 2R A 7 A
AN I RO T A R A S (O
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B9 WEHESHW KY AMMKY Pb FRBERXE
(JKE#E Zartman et al., 1981; EERTIZMESH KREERIERE 7)
Fig. 9 Plumbotectonic plots for the ore sulfides from the Shabaosi gold deposit
(basemap from Zartman et al., 1981; the data sources of Au deposits in the Upper Heilongjiang Basin are the same as Fig. 7)

FETY (AR IR, 1998) o HIHEHD 5 1 4 17 R4 [R) 7 R 2K
P, BT AAS B A B AR 2 Aa. AB.
Ay BUE R 2), KL EFEAI R AB-Ay BH 525
BRI (B 10), HAT—ANFE S BRI w6 A s 1L
A (8) DX sk HLFE T 55 54 IR A FH (3a) X 45 114 43 4K
LR A B B i 4 3% T 3R AR (3a) X I . LA
R, WA R FE R IR TN opal
KAET bithre 5 g iR 545

W, #0 %W a0 # A Z M5 L RIRTLA
b rp & 0 R )48 28 43 A 3 TR EL A B A — 3k
(9, E10), f8/REWi &0 R P55 X
HoAth 417 PR ELAA AL B0 P Jo e U T 322 # (2020)
A A A () BT IR B E SRl B R g
TR, HARE f i R v 2R BT B B B K
A A IR AR AT JLEE S (2020) 4
PRRLAR 4 07 RS R 28 HAT 18 LAl BYARRAE, F2 2R
HRE A3, RIEHEA b #5315 g i ik 1 =
5o BEAh, ARWRBEGE & & AR S TR &R
FRAE S A IS AR P TR 2 AR A AT
(Il 9)o B ILIA N B AR AE iZ B 1 B P AE LT —
TUARIE AR ICR, SRR R T
FEE, BB TR A AR S (F 8). ZEA DL FIE
W, W W e R BT Rk U5 T HL F b 5E R
DRI IR ARAE M RIRA I, SORMEF =+ b4l A
HA 1 T ) )R
54 &K ERT

AR R, St —SR7R R s e ety AR AR
—hAEE BT A, Sl —SREE K A
AJF, AR (~137 Ma)in g B R Se R U
JL A TR (R 3 A (VF SC R A, 2013; FEAS, 2016).
W0 W 0 R BT B AR B 1 4 (130 Ma, X4
4, 02013), 5 o — 4 (&)W K A4 R

1—Hu B IR AT, 2— b SERY; 3— s 5 HUM IR & f AN ohar A
(Ba—45 9 A H; 3b—TIFME); 4— kA TR T4
S5 IR AE T, 6— P i A T4
T—HB T HFe Y 8—qk LA Y
9— il A ST, 10—iIRAB B
1-lead from the mantle; 2—lead from the upper crust; 3-lead of
subduction zone mixed with the upper crust and the mantle
(3a—magmatism; 3b-sedimentation); 4-lead of chemical deposition;
5-lead of submarine hydrothermal activities; 6—lead of
intermediate metamorphism; 7—lead of high-grade metamorphism
in the lower crust; 8-lead from orogenic belt; 9-lead of shale in the
upper crust; 10-metamorphic lead.

10 MEEET AT AMUHARERNME AS-Ay KE
NAEB(EEIBARMER, 1998, FERTIZMET K
HiEKRIREE 7)

Fig. 10 Ap-Ay diagram of the Pb isotopic compositions
from Shabaosi gold deposits (after ZHU, 1998; the data
sources of Au deposits in the Upper Heilongjiang Basin
are the same as Fig. 7)

((131.21+0.52) Ma, Fixi, 2020)m & —5, KGR
b PR VT A N PG A D 5 B A A R B AR B —
— U ()T IR B T 58 —SRE R A S
PR RGFEHRTOE B M RS . RIE, b SO R
W) R U5 R BB T A sl 2 A X
PIRBTHR . 2R DA BT, AR ST —SP R R
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