%4746 2 hOE R Vol.47, No.2
2020 44 A GEOLOGY IN CHINA Apr., 2020

doi: 10.12029/gc20200211

ZRRfE , 2Rk, ZRA0 , AR Pk, BER , ZE AL, T, A . 2020. 5K 5 HUR GRS PR LT AR AE B R R R (0], T LR, 47(2):
426-439.

Li Suimin, Li Jichao, Li Tong, Quan Sutao, Hu Zhigiang, Li Yuhong, Wang Jing, Chen Shuqing. 2020.Characteristics and genetic indication
significance of fluid inclusions in the Zhujiawa molybdenum deposit[J]. Geology in China, 47(2): 426—439(in Chinese with English abstract).

KK O RSGESRT RACH A ARFIE A X B El H6 7
MR, FHE B AFR, HER, FELER, B

(LA T R &2, 7T Ak B 2 05003152, 77 d B 3™ By 55 3 R 1, 7 dy 7 1 450018;
3. A HA By B Z R, FT Ak SRE = 075000)

RE . RF TURFHAA PRI T4 AR Ui &5 bk vh BEAE N 520 8 D0 R4 R BT R 2 5 & BRI S — AR AT ik
KAV IR HH0°IR 2 2 B R — R RR BRS040 T 9 B LU AR 80 o ARSI IX 2 AN B LR RAE I 1R e
EOVEERD I A 00, AT T AR A | O R AR R B E R T . SR R T R A
BT 53 A 4 F2RA RO AL A R A R ST AN S CO, =AM IR, Horh & CO, =Mk
YA, HAR 3SRV T W . & F 0 W A RS — IR B R 43 514 400°CH1 45% NaCl eqv 2247 5 & AH
AL AR — R 34ME R 277.43°C , $13 20% NaCl eqv 2247 5 5 UEZR RN E COL AR — IR 73y 380°CHI
30°C ; EREEHAR, 23514 6%NaCl eqv F12.04% NaCl eqv 247 o SIRAH B0 s TR & 4 A H.O .CL F -,
Na' KB TR, Ca”, SO & I, RFF B 1 H(E R /R P AR IR T4 A, o i i dA 1 & F H.O—-NaCl{k&
Fo SERMELAR SR, BT R EZORIE AR BRI UE 1) EZEHLH .

% 8 AR SERIN R TR R S A g P B R D R R

FES %S P618.65 XEFRERE A XEHRS:1000-3657(2020)02-0426—14

Characteristics and genetic indication significance of fluid inclusions in the
Zhujiawa molybdenum deposit

LI Suimin', LI Jichao®, LI Tong',QUAN Sutao’, HU Zhigiang’,
LI Yuhong’, WANG Jing’, CHEN Shuqing’

(1. Hebei GeoUniversity, Shijiazhuang 050031, Hebei, China; 2. No. 2 Geoexploration Party, Henan Bureau of Geoexploration and
Mineral Development, Zhengzhou 450018, Henan, China; 3. No. 3 Geological Party, Hebei Geological Exploration Bureau,
Zhangjiakou 075000, Hebei, China)

Abstract: The Zhujiawa molybdenum deposit is one of the large—size deposits recently discovered in the middle part of northern
margin of North China Platform. The research on this deposit is relatively insufficient. The deposit is similar to the Caosiyao

molybdenum deposit in metallogenetic mechanism in that they are both controlled by hypabyssal— super—hypabyssal acidic rock
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from deep source. The characteristics of ore—forming fluid constitute the key problem in revealing the genesis of ore deposits. In
this paper, eleven core samples of molybdenum mineralization were collected from No.ZK2—1 and No.ZK2-2 drill hole. The results
show that the fluid inclusions can be divided into four types. They are liquid—rich phase inclusions, daughter—minerals three phase
inclusions, gas—rich phase inclusions and CO,—bearing three phase inclusions. Among them, CO,—bearing three phase inclusions
are less distributed, whereas the other three types of inclusions are common. Homogenization temperatures and salinities of daughter
mineral— bearing three phase inclusions are the highest, at about 400° C and 45% Na Cleqv respectively. Homogenization
temperatures and salinities of liquid— rich phase inclusions are 277.43° C and 20% Na Cleqv respectively. Homogenization
temperatures and salinities of gas—rich phase inclusions and CO,—bearing three phase inclusions are 380°C and 30°C, 6%NaCleqv
and 2.04% NaCleqv respectively. The initial fluid has the characteristics of high temperature, high salinity and rich CO,, and the
fluid inclusion has the characteristics of the porphyry mineralization system within the continent. The fluid inclusion composition of
gas and liquid phase shows that ore—forming fluid mostly contains H,O, CI", F~, Na", K*, and minor Ca’" and SO,*". Diagnostic ion
ratios indicate that ore—forming fluid was derived from magmatic fluid. The ore—forming fluid in general belongs to the H,O—NaCl
system. Hydrogen and oxygen isotopic composition of the fluid inclusion in quartz indicates that the water in ore—forming fluid was

derived from magmatic. Boiling of the ore—forming stage led to the precipitation of molybdenite.

Key words: fluid inclusion; hydrogen and oxygen isotope; molybdenum deposit; middle part of north margin of North China
Platform; Zhangjiakou; Zhujiawa
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Fig.1 Simplified regional geological map
1—Quaternary; 2—Neogene basalt; 3—Middle and Upper Proterbzoic sedimentary cover; 4—Archaeozoic Sanggan Group; 5—Lamprophyre;

6—Pegmatite; 7—Granite; 8—Doleritic veins; 9—Diorite; 10—Orthophyre; 11—Gabbro; 12—Felspathic—quartz porphyry; 13—Fault;
14—Reverse fault; 15—Normal fault; 16—Unconformity
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Fig.2 Simplified geological map of the mineral deposit
1—Quaternary; 2—Amphibole plagioclase leptynite of Archaeozoic; 3—Dolomitized breccia; 4—Ferruginized alkali leptite; 5S—Rhyolite; 6—Quartz
porphyry; 7—Rhyolite porphyry; 8—Rhyolitic tuff lava; 9—Sillite; 10—Felsitic porphyry dike; 11—Altered rocks; 12— Iron cap; 13—Molybdenum
orebody; 14—Position of No. 2 geological section
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Fig.4 Characteristics of ore textures and structures in the Zhujiawa deposit
a—Scaly—like molybdenite of the quartz—molybdenite stage; b—Scaly—like molybdenite of the quartz—molybdenite—pyrite stage, limonite replacing
anhedral granular pyrite, developing a metasomatic texture; c—Limonite replacing pyrite of the quartz—molybdenite—pyrite stage, developing a
metasomatic texture, chalcopyrite (generally less than 0.5mm) distributed in sphalerite in the form of small emulsion droplets, showing exsolution
structure of solid solution; d—Veinlet disseminated Mo ore of the quartz—molybdenite stage; e—Disseminated Mo ore of the quartz—molybdenite—

pyrite stage; f—Calcite vein of the quartz— calcite—pyrite stage
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Fig.5 Microphotographs of fluid inclusions in the Zhujiawa molybdenum deposit
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(5] — TR RE R P Y AN TR) T R AN A A ST T
FNER BRI, T 5 3 B A ek A o 1 2 IR T
AH— (5 e 55 48, 2000, 2004; 1 7% 8 55, 2001,
2004; JEATH5E, 2007, 2009) o b A Ui A f 344
FHF R S B AR R Y HLAA 1 =L L R
KB b s A 2 R B 45 7 1iF (Roedder, 1984 ; Beane
and Bodnar, 1995; /5 Jft B2, 2000; Landtwing et al.,
2005; Klemm et al., 2007 ; Heinrich, 2007 ) AHW) &,
ARG IR Y B e L A R P A R 1=
ANA e, B AR IR AT BE LA B  3= .

R AR R M R AR S EEAR A R A
BRI R HAR F L H.0 S, CO, N, H,.CO FiI
CH.AF S I, M 24155 (2001, 2004) 44 LT JifA
K53 A R AR i 7K A IRARIRER < K B AR AR R
K 3R, R R K BT RS A A
FHA G 20 AR B A, i HL 2 Na ™ K
F .Cl .H.S.B(OH), 4%, FHELM F , R ALRRER < 7K
WILLE & Ba™ St Ca” Wi R AL A W WRFIE . R
FHEW REF AL AR B s, (F+C1)/SOS
F (BE R FUAE ) 7E 2.73~26.19,Na /K {E 3.63~4.2, i
AR BHE T S R R TR AL Ao L IR
I IR AL RIR 5 AR %,

6.2 A i SRiR
oD—5"0 [FiZ E (E 7) os AR R AR F MY

)

PR 3150 B B 5 AR i AV AE SR AR A HOK T D7 Bt
Vo Horp A e — WA SO B B 2 (A i B
E R AT - MR — SRR O [ Be i 3 44
FE B IR SRR R B A X R I
AN 5 KR e o R T R N S /B R e 4
Ko B AR SR R BN R IR KA BR
(0w A% , Ul IITE 0 B B Rk 2 5 8 A
B B0 i A ke 5ATS LA v L e R R A R G
Fo BT ARREAIE Tl — B By Bk i
130 A, LA™ W B B A5 A B I A AR T
ANBEIN LA AE , H 7 ZE AL AR A AR s A A 0
HARAT RAEIKINA

IR AT R R R AR B FE R
BFERAERKSE 0 RN 5L
ERZATG A K,

6.3 B WRITBEENFIRRERT LE

ST A A T pHEL 4805 B N3 SRR ) 7
A2 2 Mo ULV 1 EE ZEHLHI (Wood et al., 1987;
Selby et al., 2000).

TERRIE R AR T TR F R R 5 IR
GYEAAYSE ALY 2 G YL T T 0
(Bernard et al., 1990; Shmulovich et al.,1995; Ulrich
et al., 2008), =ik « 5 K L S — G SRS A 5%
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Table 1 Gas components of the fluid inclusions in
quartz from the Zhujiawa Mo deposit

g B T H/ (/g
H, N, CO CH,

5 Hdhdis

CO, H.O(AH)

1 Zk2-1-6 3.14 277 1.5 391 357 1.21x10°
2 Zk2-1-7 0.262 219 697 579 465 8.08x10°
3 Zk2-2-1 235 559 2.09 0.788 97.9 5.14x10°
4 Zk2-2-2 0.332 10.1 0.791 0.384 8.32 5.19x10°
5 Zk2-2-3 133 188 1.53 0.719 39.6 1.32x10°

BRI A D R B B S B R BN T 4R
BRAL I TTIE (14 555 355, 1984; 251455, 2009 ; X1 4245,
2013; 3 )74, 2013; Wu et al., 2014; 7% 3¢ % % |
2017; 1122045, 2018 FAEARAE, 2019), BRIIL, a4
T I A 2 5 A R RO 4 B 1) e B R G L
il Z — (5K f8 2, 1997; Cox et al., 2001; Hagemann
and Luders, 2003; BRAiT 5t 4, 2007; 7K 3C L%, 2017),
TR S VE F 32 B R ) COL SR R MR SRR 2 | 1
BGHAAR PhAELAY LT, DTS RS 4 s Te R I UTE

RFE WG T RAE B, 7L B B
FEAE T S AL BT . HARAE A 78 [R]— A~ g ]
USRS RN D 2N Rt ST R ERT TR NI 2N
A7 BT 04 = AL AR SR A S R I A
PG R R AFAE R — R & 784 — A 5
A SR AR AL A Al S K R R B AR A B

Z(ES), AR — R SR =80k, 1
— FREASHFE MBS (E8) ., WS ZK2-1-1
WEEHE R G BRI — iR
£ 380°C , Eh EE AL, [N 5.95% NaCleqv; 7 T hh
BRI —IR R 376°C , #h# 44.62% NaCleqv. [
— AL AR, RO [R) 2 R A B R A — IR
FEI , £R A 25 B R i I 4 2 LR A AR TR 5 B
W R AR (5 M B4, 2004), PRI AR FEEET R
FERGH I A T AR R VR

KRR IRA DR 4E 0™ B B, 074 hnl I
WERRE TN AR, Gk W Rk sS4, S i A
AR RBHR F B BOR IR R R = . A
BB B B BT WL R R S N T Y
WO 55 4 R Gy, ik S e R b,
TR E N VR REA T, 2081k Hh 3 s 37 4 U] &b
TAEXT IO JEIREE A0 B 9 AR b (45 22 DU R
(SO, )IEAAELEN S Hedfe Ry A UTTE FIr 75 14340 i
T (S™) B OB EHA™ BB A 4 TR A Ak

PN KB T S Y R R R R A -
FEAHB B B B WA TR, (H S s A A /b Ay
THEE 1% 2547, PR A 0 s 2k 0 485 o T BT AN 2 &
FER A R BN R, WA SR A R %
PRI 5 2R HILTH

S5 B TSR S AR S A R T AR 1
WL RN e S 0 AR AR, SR IR AL FE A

R2ORFEAVRORREEREBELS

Table 2 Aqueous components of the fluid inclusions in quartz from the Zhujiawa Mo deposit

F5 FEM%S F CI NO, SO Na' K Mg” Ca® (F+Cl)/SO& Na'/K’
1 Zk2-1-6 593 20.6 0.528 31.4 9.68 4.53 0981 13 2.73 3.63
2 ZK2-1-7 4.04 284 0517 13.6 11.6 469 092 6.09 7.16 420
3 Zk2-2-1 0.11 144 0669 128 577 2.6 0476 2.41 3.09 3.77
4 ZK2-2-2 0.104 30.7 0.482 17.3 122 543 035 3.04 4.84 3.82
5  Zk2-2-3 0.1 85.6 0.535 887 34.1 158 0.606 7.06 26.19 3.67

7+ (F+CI)/SO* J Na'/K' 4 mol £ HUAH

R3 RFKEET AERBETWHS  ERERDULRANER

Table 3 6D—4"0 isotopic compositions of fluid inclusions in quartz from the Zhujiawa Mo deposit

5 AT BB oD% 0"0xs/% 00/ % TEIRSE/T
ZK2-1-1 AR B Y B -90.9 9.1 3.05 325
ZK2-1-2 AR - B -87.7 13 7.7 350
ZK2-1-3 AR SR B BL -90.5 12.3 7 350
ZK2-1-4 B B -82.1 9 4.94 400
ZK2-1-5 TR B -80.3 11.7 5.16 310
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Fig.7 6D versus 6"*Ouo diagram of the Zhujiawa Mo deposit
(Base map after Taylor, 1974)
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Fig.8 Diagram of homogenization temperature versus salinity
of fluid inclusions in the Zhujiawa Mo deposit (NaCl
saturation curve after Bodnar, 1983)
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