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Abstract: In order to determine the metallogenic physicochemical condition, ore-forming materials, ore-forming fluid and met-
allogenic mechanism of Galonggema VMS (volcanogenic massive sulfide) deposit in the northern Sanjiang metallogenic belt,
China, orebody features, fluid inclusion microthermometry, laser Raman spectroscopy, and S, Pb, H, O isotopes are studied
in this paper. It is found that deposit is hosted in the Late Triassic Batang Group dacite-volcanic tuff and consists of two parts,
namely, lower ore belt of vein-stockwork mineralization system belonging to hydrothermal fluid supply channel, and upper ore
belt of exhalative-chemical deposit system of submarine basin brine pond. Fluid inclusions (FIs) in vein-stockwork mineraliza-
tion are both aqueous and gas-rich, homogenization temperature from 175.6 to 263.3 °C , and salinities of 1.05% —6.29% NaCl
equivalent (eqv.) and densities of 0.820—0.935 g/cm’. Laser Raman spectroscopic analyses of the gas phase components of Fls
show they are dominated by H, O, CO, and minor amounts of N,. Fluid inclusions in barite in exhalative-chemical deposit sys-
tem are only aqueous Fls, homogenization temperature from 105.2 to 157.1 °C, and salinities of 0.18% —5.55% NaCl eqv. and

densities of 0.735—1.173 g/cm® suggesting from lower ore belt to upper ore belt metallogenic temperature drops, salinities does
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not change, and the density of fluid increases. Hydrogen and oxygen isotopic study (8" Oy, 0.25%,—1.75%,,6D: —103.2%,

to —65.3%0) shows that metallogenic fluid is a mixture of seawater and magmatic water. The predecessors research results of

sulfur isotope previous research indicates that the sulfur were provided by magma and bacteria reduction seawater sulfate or

basement rock. Lead isotopic compositions of galena show **° Pb/?"* Pb ratios ranging from 18.449 to 18.519, " Pb/**Pb ratios

from 15.677 to 15.777, and “*Pb/*** Pb ratios from 38.875 to 39.145, respectively. Lead isotopes has high radioactive lead iso-

tope compositions with g values of 9.65~9.80. It suggests that the lead mainly was sourced from crustal components and little

from magma. The mixing of ore-forming fluid and seawater is the main metallogenic mechanism of Galonggema deposit.

Key words: Sanjiang metallogenic belt; Galonggema; ore-forming fluid; deposit;S isotope; Pb isotope; H, O isotopes; petrology.
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Fig.1 Simplified geological map of the northern Sanjiang metallogenic belt in China showing major structures

34°00'

33°00’

94°30’

# Yin and Harrison(2000) ; Spurlin et al.(2005) &2k

0 10 km
[

N-E \

96°00’
N

el P

B vnewns B B E"

2 ZEAR B AT PR X 38 5 ]

=W
B
=
NNEN
I

= EX2 7%

4 RAH

s 4% THRS
R

Fig.2 Regional geological map of Galonggema deposit
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Fig.3 Geological map in the east ore district of Galonggema deposit
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Fig.4 Cross section along exploration line 56 in the east ore district of Galonggema deposit
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Table 1 Microther mometric data and relative parameters of fluid inclusions of the Galonggema deposit
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Fig.7 Histograms of salinities and homogenization temperatures of FlIs in Galonggema VMS deposit
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Table 2 Hydrogen and oxygen isotope compositions of the Galonggema deposit
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Table 4 Lead isotopic compositions of the Galonggema deposit
#rﬂ!‘% #I‘II—II‘IZ?Q’F;J’\ 2()6Pb/2mpb Z()pr/ZMPb ZU&Pb/ZG/lPh P
GLGM-CK-B2 VKN 18.519 15.777 39.141 9.80
GLGM-CK-B3 Vikiza 18.500 15.755 39.065 9.76
GLGM-KSD-B1 7§t~ 18.449 15.699 38.875 9.65
GLGM-KSD-B2 4" 18.464 15.720 38.949 9.69
GLGM-KSD-B5 74" 18.497 15.763 39.091 9.78
\(}'E :# — 238 U/ZO'!Pb.
28 Ph/% Pb = 2. 164 940 + 15,*7 Pb/* Pb = 0
0.914 338+7,%'Pb/*" Pb=0.059 110 7+ 2, 4 i &
AJE Phb<<100 <10 " g. a0k
eI IR 32 L B B 5 407 AR b AT T
LG % 4 B A BT A RO % 4 s am S|
207 Pb/Z(M Pb_Z()G Pb/Z()/l Pb %ﬂZ(JS Pb/Z()/l Pb_Z(JG Pb/Z(M Pb %
WRERMILE T NE 4 B T PR UE M 2 |
\ . NN . R . -120 F
B Pb [ A R AH MR AL, TR W <«
206 204 207 204 208 204 JANEIT IS T R Hb [X K RS
Pb/*Pb.*" Pb/*" Pb #1** Pb/*" Pb 4 %l K ol Bk
18.449~18.519,15.699~15.777.38.875~39.141, 1 ’ o R I X A B B
{H R 9.65~9.80. 20 -10 0 10 20 30
5" Omo-swow (%)
5 itj'l/t\‘ B9 AUeHs 4R 2 4 08 S AR XA IR 0D-0" O, o Bl i
Fig.9 6D-0"Oun,, diagram of the Galonggema deposit
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5.0.1 S.|RIE 00K I BB B S RE S
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FOOD: — 65.9% ~ — 65.3%0. 6 O,z 0. 25% ~
1.75%0) 7R A R 4 BB A A KK 4 A5 (0D
—50%0~ —85%,; Taylor,1974) , & Y [5] v 2% 41 i W&
& T 45 3 K (8% Op,o: 5. 5% ~ 10. 0%,; Taylor,
1974 FEE 9 Hh 8578 A A HOK IX S I3, 5 =T
BT B K B VMS B8 R 4 &4 TR 7 218
(OD: —78%~—59%0:0" On,0: —5.7%~2.9%0 s B
A 20000 FHARL . 22 BA 32 0w B B R LT I A L
A OK B REAE. 53 40 B AN B 5 (GLGM-KSD-W6
il GLGM-KSD-B10) & % [A {7 % 45 # (o6D:
—103.2%0~—93.3%0,6" On,0:0.45%,~0.95%) J&
HA R R I AR T 2K — SR oD [ERRR N
FEHFEA - (DSR2 & AR 155
fER 140 CH, 5% H, #9% H (Taylor,1974) 5 (3) %
HWSAE (Rye, 1993) 5 (4) KA R /K 5L K 19 TR
£ (Taylor,1974) . 1 F 3 B0~ By BE B b 9 K it e 2k
M TTE , 3% W 400 B R & 2E B B 19 28 4k (Calagari,
2003) A% YO I A4 A0 22 A 3E AT SO B2 O3 4 B R

HAF(1982) s RBFF A 51 A B0 7% 4 (2000); B F S| A 5%
(2012) ; MR B8 51 B 5 BE 45 (2014) s SMOW. 7 #E - 19 K P 7K

KA CH, 3 H, WAL B TAENB A D i
K AFAE S BT LK SR8 7K B30 7K A8 TR 5 VE F AT BB
SR A% 5 B i M oD R AR Y 3 2RI 7E
B9 w4 7R A A JROK X R T b X K L
KR K X 38, =22 8] L AV T = V0 R Y R B R I A
PLWE K A E B & FHF (0D — 123% ~ —107%,,
8% Opyo: —2.74%0~ —1.25%,; B 3522, 2012) FI I A}
(6D: — 130. 6%, ~ — 90. 2%0, 6'® On,0: 3.30%~
6.80%0 ;3 B 4, 2014) VMS EH™ R X 558 it 3T , 2 B
F B B W S AT A A T 8 A K R A
5.1.2 BiRiE  GifEAF &R IR TIZ AR R
AR E R IR A0 A FEAR TR Z
— 3 A R o7 AL ST, T LA B T AN A
A ) i K PR (Ohmoto,1986).
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—16.4%~—14.7%0.2 tF 8™ 0% SHEh —22.9%,
M —19.7%:. Fi LW iy 6% S {52 ¥ ki > W5 >
Ji v AR AR AR AL W B AR [k B TR A L
F M- OB RARTR T, 2000) . — Ik Sk kil
B BORBAL BT R (VMS) B A 94> 32 5 I B
AR (07 S== 0% Mg K i R #h (8% S~ 20%0)
(Rye et al.,1984; BRET,1996) .l Un, =T W™ 47
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R B S (B 10D FR SR 2F AR AR 2 e A S T R 3
P A B b BB B W] 2 R 0% S=1.13%0~
2.45%, BT HLE AL R 0% S=12.36%0~12.37%,,
32 W SR TR 7K B TR R 15 Ry L 4 1L T O %
2,2010.(JR 2 Z % 1 X Hl 2 4 & 07 35 45 By Bo ok B
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i IRl 7 28 4 1 5 B be R IE B 2k R i A (67 S
—33%~9%,; Tornos et al.,2008) FIB /K Z& W4 45
(6%S: —23.2%~14%:; Wan et al.,2010) 1t VMS
RUR™ PR [ 437 28 2H 0 H A AR AL PR 58 b ad , ATk
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T
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DA S /b B (9 8T ¥ Pb(Zhang, 1992). B I, A4 B
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2006; Mortensen et al., 2008, 2010; Bozkaya,
2011) T J7 By BN A o 5 A7 S B A0 0 400 DR A
ER IR Z — (McNaughton and Groves,1996).
ARSI VMS B IR 5 575 5 07 P [F) o0 3 241
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Fig.10 Distribution range of sulfur isotope data in the Galonggema deposit
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Fig.11 Lead isotopic compositions of sulfides in the Galonggema deposit
JEE FE 4l Zartman and Doe(1981) s MR B4l 51 B AR 4E 655 (2001) s & AR Bl 51 A5 %55 (2012) s UC. MBS 3 O3 1L s MU g s LC.F Huse

AL T AR B 5. A A 3 W O A 3 T )
JEH R R T I Hb 5 v R DU R SR A L 5 R (R
4505, 200D BB (B 5 %45, 2012) 7 K B A AH L
)5 R T

5.2 MU REHER

BT IR IS VMS R R R AH B A A A
3 T A7 R A A B S R S IR L & R A
JoHLA — B R A SE A A O R IR R R
175.6~259.8 °C, FEAEPTE 190~250 C, il K
e O A A R AT EE R 105.2~157.1 °C, R ZL4E
FAE110~150 °C , i B B S 8 AR ; 3 18 AH U 1A% 26 B
(1.05% ~ 6.29% NaCl eqv.) 5 Ut T4 A0 W 14k £ 2
(0.18%~5.55% NaCl eqv.) FH T ; i 18 AH 37 14 55
0. 820 ~ 0.935 g/em?, /N F U0 BLUA WK %
0.735~1.173 g/cm®. B A I, P\ 8 A 2] T BUR ED
P VR 0 i) 92 50 2 B Sy T IR R A S R A B
FEAGRAF AL T U425 B 3G O 0 R i W5 7% 3 T A
HR ) BRI T2 A T AR B 8988 K DL B 4 I e
PR FEWEI A 5K B AR AER, B8ORS A
IR N TR o N N B I O )
[ Av7 2 19 20 BT 25 5 — 3.

AN 4] VMS B PR i PR F8 1E 247 T K it
WF5% (Ishihara, 1974) . VMS %5 K 38 18 A6 % 1442
T A IR — I R Ay o T T R v 9 R 2 A T B
&AL (Urabe and Sato, 1978; Yoshida, 1979) , X
552 YR T 000 3 T R AR B (175.6~263.3 CH R T
TR AR (105.2~157.1 ‘OOMMI&. 5 =11
LA A FE S R S BT I A F R RE O B kR

WA, 3R 258.0 C) RN AR B It M4 £ 25 1R L
CEACRE A, 145 209.8 °C)— B i B 45, 2014).
VMS B R B AR — e R Bk — K IR &R L 4
J3 32 30T B 5 T I I UK £ B (Ulrich ez al.,2003;
Zaw et al.,2003) , AL AR 5T F B VMS BIF" K AL
B mARERE R 0% ~6.5% NaCl eqv., 5K 1%
i (Ishihara,1974; 5 e 2 %5, 2004) , X 5 AR K Fr ik
15 B 280 I DR U AR R BE SRR AR — 30, 2B A HE T IR
TR BRI Tk, 52 A R R B85 R — 3. TR
AF A A R B DA TR B BEAS DR 45 A8 IR E
H 7 Kokuriku #1[X 4 4~ VMS BB K Fl = 7T 86"
SR VMS BUE™ PR A B 5 A AN B 8 I
) AR AL T AR Ak B R AR — 2 (Visut and Hiroshi,
1983346 B4, 2014). 25 b Rk, AT A o Z0E A% 15
R BT AR 3 R R T I KL 2R A% 3 KR B A
FNHCR A A A A 2L R R AIE 5 B0 2R R A R B
TARFFAEA W) A, RV AR B IR LT S VMS
R IR,
5.3 R HLE

AIp G I PRAF T 1 = St B R A,
Y24 1k 1N 28R A% 3 PR R A R —
0, B HIE = T O IRER B A 1 AR KL 3 DA
HORBRAL Y8 IR GR35 55,2012 REIRSE ,2013).

RN B SCHIEFE 45 0L AR e M B0 IR 14 B
WHLE T IS 98 4T . B = S GO I 4R, 2015) 3
(] 42 VD VL 1) B A o o AR b DX R AR KL VE
o =B g0 O R I B R B K
Jei i J K 2 A AE LT 2 4 TR R A K R



T OMSE KRR AR VMS R0 R R AR K H-O-S-Pb [F i £ E 953

A AR AE FH o (] B 3 S 38 43 W o AR 4, O
X b K AT I AR X A O IS A A Rk
Lm0 B A AT T L3 T Bk AL A i 2
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