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Abstract

The Dasuji deposit of Inner Mongolia, located in the Liangcheng uplift, is a newly discovered large por-
phyry Mo deposit in the central segment of the northern margin of the North China Craton. The orebodies of the
deposit dominantly occur within the Indosinian quartz porphyry and syenogranite porphyry. The ore-forming
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process in the deposit can be divided into three stages: the early quartz-potassium feldspar-pyrite £ molybdenite
+ magnetite stage, the middle quartz-sericite-molybdenite-pyrite stage, and the late quartz-carbonate-pyrite
sphalerite + galena stage. Re-Os dating of five molybdenite samples yielded model ages of (223.6+3.1) Ma—~
(224.21+3.4) Ma, with a weighted mean age of {223.9+1.4) Ma (MSWD=0.017) and an isochron age of
(223.5£5.5) Ma (MSWD=0.026), indicating that the Dasuji deposit formed in Indosinian pericd. Five types
of fluid inclusions in quartz veins were recognized, i.e., liquid-rich, gas-rich, HyO-CO,, daughter mineral-
bearing, and pure gas inclusions. The fluid inclusions of the early stage are mainly liquid-rich and gas-rich types,
with a small amount of HyQ-C0O; type; their homogenization temperatures and salinities vary from 342 C to 430
T and from 3.4% 10 11.0%, respectively. The inclusions of the middle stage are mainly liquid-rich, gas-rich,
H,0-CO,, and daughter minerals-bearing types, with a small amount of pure gas type; these types have homo-
genization temperatures and salinities of 234 ~380 C and 6.2% ~—34.9%, respectively. The late stage only
comprises liquid-rich inclusions with homogenization temperatures and salinities of 202 ~280 T and 1.2% ~
11.7%, respectively, indicating that ore-forming fluid of this stage is significantly mixed with meteoric water.
The ore-forming fluids evolved from an HyO-NaCl-CO, system of the early and middle stages to an HyO-NaCl
system of the late stage. Both early- and middle-stage fluids are immiscible fluid, and the multi-episede fluid
boiling seem to have been the dominant mechanism for mineral deposition. Porphyry Mo deposit is the most im-
portant Mo deposit type, and there are at least two periods of porphyry Mo mineralization in the Jining area: late

Triassic and late Jurassic.

Key words: geochemistry, molybdenite Re-Os dating, fluid inclusion, porphyry Mo deposit, Dasuji, Inner
Mongolia, the northern margin of the North China Craton
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Fig. 1 Simplified geological map of the Dasuji Mo deposit in Zhuozi County. Inner Mongolia {modified after Nie et al. . 2012)
1—Quaternary: 2—Archesn gneiss: granulitite and migmatite of the Jining Group: 3—Mesozoic granite porphyry; 4—Mesozoic syenogranite
porphyry: 5—Mesozoic quartz porphyry; 6—Archean gneissic tonalite; 7—Neoproterozoic disbase dike; 8—Mo orebody and its serial number;
9—Drill hole and its serial mumber; 10—Exploration line and its serial mumber
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Fig. 2 Geological section along No. 0 exploration line of the Dasuji Mo deposit{after Inner Mongolia Nonferrous
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1—Quaternary; 2—Granite porphyry: 3—Syenogranite porphyry: 4—Quartz porphyry: 5—Archean gneissic tonalite; 6—Neoproterozoic
diabase dike; 7—Geological boundary; 8 Fault; 9—Oxidized Mo orebody and its serial number; 10—Primary Mo orebody and its serial number;
11—Dxill hole and its serial number
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Fig. 3 Representative photographs of ores from the Dasuji porphyry Mo deposit

a. Anhedral granular magnetite of the early stage { — ); b. Pyrite from early stage showing cataclastic texture ( — ¥ ¢. Anhedral granular magnetite
end leaf-like molybdenite of the early stage ( — J; d. Anhedral-subhedral granular pyrite and anhedral granular molybdenite of the middle stage
{ — ) e. Leaf-like molybdenite of the middle stage  — J: {. Anhedral granular molybdenite involving euhedral-subhedral granular pyrite of the mid-
dle stage: exhibiting the poikilitic texture { — ); g. Anhedral granular sphalerite replacing anhedral granular pyrite of the late stage: exhibiting the
metasomatic dissolution texture { — )3 h. Anhedral granular pyrite of the late stage { — ) i. Anhedral granular galena of the late stage { — J; j.
Stockwork Mo ore of the middle stage: k. Disseminated Mo ore of the middle stage: 1. Late stage quartz vein cutting through middle stage quartz-

molybdenite-pyrite vein; Gn—Galena; Mo—Mblybdenite; Mt—Magnetite; Py—Pyrite: Q—Quartz; Sp—Sphalerite; ( — >—Plainlight under

reflected light microscope
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Fig. 4 Representative photomicrographs of altered rocks from the Dasuji porphyry Mo deposit
a. Argillization occurring in groundmass of quartz porphyry ( + J; b. Silicification-muscovitization-sericitization occurring in syenitegranite porphyry
( + ): c. Silicification- sericitization-argillization-muscovitization occurring in syenitegranite porphyry ( + J: d. Sericitization-argillization cccurring in
granite porphyry ( + J; Bi—Biotite; Kf—K-feldspars Ms—Muscovite; Py—Pyrite; Q—Quartz; Ser—Sericites ( + )—Crossed nicals
under polarizing microscope
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Table 1 Re-Os analysis resnlts of molybdenite from the Dasnji porphyry Mo deposit
w(B)/107¢ w(BY/107° B/ Ma
RS m/g -
Re 20 18TRe 2a Os 2a 1870 20 e 25
ds45 0.00522 5.53 0.047 3.478 0.029 0.0245 0.0529 13.01 0.12 224.2 3.4
ds63 0.04004 5.39 0.041 3.386 0.026 0.0027 0.0090 12.66 0.10 224.0 3.0
dsbd 0.04033 2.10 0.072 5.718 0.045 0.0027  0.0060 21.36 0.17 223.8 3.1
dsb6 0.04034 8.24 0.060 5.177 0.037 0.0027 0.0090 19.35 0.15 224.0 3.0
ds69 0.04071 6.65 0.050 4.178 0.031 0.0026 0.0118 15.59 0.14 223.6 3.1
24 229
a b Mean=(223.9+1.4)Ma [0.61%] 95% conf.
I L Wtd by data-point errors only
72 MSWD=0.017, probability=0.999
227
20
?3 18 ‘E"
F = -
$ i

Age=(223.5£5,5)Ma
Tnitial "0s=0,030.38
MSWD=0.026

a
T T T T T T T T T T T T

4500 5500
¥'Re/107

6500

225
223
2211

219

B 5 RFHTHEEE ReOs B RS & QOMEREH I THED
Fig. 5 ReOs isochron age (a) and weighted mean model age (h) of molybdenites from the Dasuji deposit
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—EBAH. ZARMOBERBRINCCEETENR
HEEKF(E 6a~d)-
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(5) SIS AHEZEPG B): BREERK BO,

T HEBEME R, FETTHRAEES, 4588

R BB 5% KAA—H 5~15 pml B 6bvc)-

4.2.2 HAOEERELER
RAEAEANESERENSHENE 2 A 7.
RMBIEEEE WL 2H W RingaEs, 5

O CHRAE L. WL BESEANBE—EEAN

T 32~424TC 2, KR -7.4~-2.8C LM #

BE w(NaCly )+ 4.7% ~11.0% 2 [8), MAHFE N T
0.57~0.71 g/ar® Z.[H). WG HEBEEH —RENT
340~430C 2 A, K K FE — 6.7~ —2.0C 2 ], &
w(NaCl YT 3.4% ~10.1%, REFEN T 0.46~
0.71 g/em® 2. M6, C BLEEA OO, MAIBREL
-60.5~ — 59.0C 2 [, & F CO, W=HM B E
(—56.6C ), RAREET AL, EEHiik
TR 4.0~8.0C 2, HiE w(NaCl AT 4.0% ~
10.6% 27, CO, ¥4+ \E A 29.6~31.0C 2
A, B PSR AR R RA R EaY—
ZHIEERR, B RN HEEY —H1E, BREE
k1 200C H1 366 , T AHERTZ R B REI—RE SR
BRF 299C , B EE N 0.47~0.60 g/ -

B 6 AHIBEHT RAEHEESRERR
a. EErEAERTN WL R We BERE: b PEBAIERDE WL 2. WG 3.C 2.5 B PG MARE; .. PHrEAERT
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Fig. 6 Photomicrographs of representative fluid inclusions in quartz erystals from the Dasuji porphyry Mo deposit
8. WL- and WG-type inclusions of the early stages b. WL-» WG-» G-+ § and PG-type inclusions of the middle stage: ¢. WL-» WG-»
C and PG-type inclusions of the middle stages d. WL-type inchisicns of the late stege
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® 2 AHHHHEEAT ENOEPRESREDRNABERRAXSHE
Table 2 Miaothermometry data and relative parameters of fuild inchsions fram qoartz in the Dasuji porphyry Mo deposit
SMEE Kby ma OB HOO, BEE  ATTHLEE L
AEAEE am W% A e POBE ESUE MORE TEEN VMR H@@D
/T HHE/C /T KREBE/T RE/T
ER B - B I
WL 3~10 5~35 22 -7.4~-2.8 342~424 4.7~11.0 0.57~0.71
WG 49 5080 6 -—2.0—-6.7 340—4%0 3.4~10.1 0.46—0.71
c 9~15 40~60 3 4.0~8.0 >299~ >366 4.0~10.6 0.47~0.60
g BRI M- B
WL 3~15 5~40 24 —10.6~-3.8 280364 6.2~14.6 0.72~0.85
WG 7~12 75~% 4 331~345
C 917 4560 4 0.1~5.0 326—380 9.1~15.4 0.31—0.35
5 5~18 5~15 4 190~254 189303 31.4~34.9 1.11~1.17
T B A ST
WL 2~10 5~15 20 -8.0~-1.0 202~280 1.2~11.7  0.79~0.93

FHMEIERE WL B.WG E.\.CEM S BRAk
ks, SH >R PG B ABE. WL BEIOEFN—
BIEAT 280~ 364C Z [0, Uk 5 #F — 10.6~ —3.8T
208, 3 w(NaCl )/t T 6.2% ~14.6%.» W% &
MF0.72~0.85 g/’ 2.(0]. WG EABEAY—E
BENT 331~345C 2. [, H T &R B OEESHE
K, FEMRE 2 ST H B4 L, B R W SR B K
rRRE. CEAEERE O, WHBERET -60.0~
—57.7C M, R ABEDFELMBS &, BEEWE
WARELH 0.1~5.0C Z [, EiE w(NaCl, M 9.1%
~15.4%2.11), 00, BB —RELE 29.0~30.4C2Z
6], 5843 — 6 B 7 326 ~380C 2. [, MAEEE A
0.31~0.35 g/’ S EAEAESHNREIETL 189
~303C Z 8], FH Wi R EAL 190~254C 2 [A], 58
SH—RENT 234 ~303C L [, # B w(NaCl, )
F31.4%~34.9% 2 H, MEFEHR1.11~1.17 g/
ar’. SEAEREFHTT WESEAERIEFER—
B, RUTFA B FiAE R T I AR A .

BB AR RN K E WL Bk aEsk. 54
B E AT 202 ~280C Z I8, 5K 576 — 8.1~
—1.0CZ A 3B wNaC )N T 1.2% ~11.7% 2
6], AR BN 0.79~0.93 g/an’s
4.2.3 RECEEEIED ST

R E B ET LR WL 2L WG B
CHEVEIREMAT TS AR KBOLR B i 24T, 3
SHEEE 8. FHRFYW, BYrER WL HAERASH
5B O SNERE — BN 00, HFFER{E S 7
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BEESAHES EEN KO, §0& CO,, HAF I

4355 3470 am 151390 cm LA 1285 em 1 (HE 8b).
B WL B EEESHEES EEN O 00, H
FEAEE{E 434 3431 an™'~1388 cn” 1A 1286 an™!
(& 8c); WG RILBEESH RS EENR 00, HELE
GH,» e fiE W {5 43 B & 1286 cm 1. 1388 cm 10
3015 cm ™1 8d): C I EEBASHES EEN 00,
FH DR CHy, HAFIEMEAE % 1286 cm™ 11388 cm ™!
2965 cm ™~ 1 8e). HEBTEX WL BLEEETHRS
FER KO, IS % 3456 cm (& 8. X%
R B iR B4 LB HO-NaCl-00, + GH, +
CHs #%R.
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T RARE, T HEERA T EKENBEE A X
BEA S T AHE BB IR 4 KE Je R A M Bk
Re FIURAT KABREME, 7 AT EBRETH
A FAETHEE S5 UATE RS BT EE
IE AW, AT 2B 240 RR . BB FE 3
REEHERFESE, 2012). X2 M RYEFREEY
BES I RS - LFHE, Bk, R R AT R K
B R EABEE T,

ASCRBRIFTHET KB Re-Os HHT£R
AR A (223.5 £ 5.5) Ma, AR INBCE 3 E R
(223.941.4) Ma, 55KEZQ00006ZH IR 4 #HEET"
FEARIAE Y Re-Os SERTERAERS (222.5+3.2) Ma—3,
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Fig. 7 Histograms showing homogenization temperatures (as c»e) and salinitites (bsd» ) of fluid inclusions in the Dasuji

porphyry Mo deposit
1—Liquid-rich inclusion; 2—Gas-rich inclusion; 3—H,O-00, inclusion; 4—Daughter mineral-bearing inclusion

BHKXBIHET RERTHR=21. FURET K

6 MHED FERM P Re-Os I ERF# H(148.3 +

1.3) Ma(RRBH) , ReHLBRTHEFT . k

BEFEGRRY, £ X BH AR KB R

FH 2 8, R A= Btk T .

5.2 B REBERREE
EMB AR BT RPNEAEPEERTE

BEANERUAESE HFHPE OO, HAE
&, L RE Y —BENT 340 ~430C, B A
381°C ) PR B (w(NaCl ) FH T 3.4% ~11.0%
Z[A4FIE, & T H,O-NaCl-CO, B R. ERGEERE
4 BRRE R, B TR RNAE AT I -
FHSEREHAEARAEFRARN > —RE
(31.1CTOMH,0-CO,BE &, BEHFEN — B F



#/33E FeM R RE: ARTEIEARPEERHT KEET Re Os A RFR ARABEEBA 1263

4000 6000
B ds2s A ds23
3500 -
s Nl 5000 -
3000 F o) ot =]
LA 2
2500 MwaM-w.u 4000
\”'
fi
= faad
= 20000 & W 3000 - T
# St art®  HO = H,0
1500 I ottt =) -
P o o g
1000 - | —, Qﬁ/’y
."..-- it r;] T.:
i 1000 F, - T
500 lﬂmf‘ a b\- 10pm| b
0 ! ! 1 ! | ! 0 , i , , | .
1000 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
1600 3000
1400l HMT: FEim 57 ds43
4000
1200}
1000 3000 o)
B oso0F <9 = &
i S, 2000 S 3
600 1o ) 2
in e
H00 ’U 1000
200 & 4
0 ! ! I | | I 0 . L . . L '
1000 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
1500 9000
B ds44 . 8000
3000 | =
) 7000
2500 e :
% 6000
2000
_ o 5000
= 2
9500 4000
3000
1000
2000
500
e 1000
0 | | | | | | D 1 | | | | |
1000 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
i fEfem hi AL FEiem

B 8 AAHPEEY RREGEEIOCE B0
a. FErE wL HEEENSHES: b, BB W BAEMANSAHRS: . TR WL HEEEMSHES: d PHBwe il
BEAERSHBES: . THE CROBENSHERS: 1 BRE wL 2aBENSAHRS
Fig. 8 Laser Raman spectra of fluid inclusions of the Dasuji porphyry Mo deposit
a. Vapor phase composition of WL-type fluid inclusion of the early stage: b. Vapor phase composition of WG-type fluid inclusion of the early stage:
¢. Vapor phase composition of WL-type fluid inclusion of the middle stage; d. Vapor phase compesition of WG-type fluid inclusion of the middle
stages . Vapor phase composition of C-type fluid inclusion of the middle stage: f. Vapor phase composition of WL-type fluid
inclusion of the late stage
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Fig. 9 Diagram of homogenization temperature versus
salinity of fluid inclusions in the Dasuji porphyry Mo deposit
1—WL-type inclusion of the early stages 2—WG-type inclusion of
the early stage: 3—WL-type inclusion of the middle stage: 4—C-type
inclusion of the middle stage; 5—S-type inclusion of the middle stage;
6—WL-type inclusion of the late stage

SHMARER, HRSH S HBAH KSR B HEOH,
AR 2, 3 R S A I T -0 s S 2 A4 1 e 1E
Ii%,1987). EF-EEACEANRATRE T
KRR RN B CO, R I 5 - I Ak

R BRA R EHT - BT KPR REXER
HFERE.ERE.HL0-00, . &7 R aE R,
BEELEMASARERK. ZWERARAATTSE
BOT—RENT 234 ~380C, P K 323C) &
EHIK (w(NaCl )M T 6.2% ~34,9% Z [A) F%E
fE. SEEML, MAREEFT YA, A
H,0-CO, BEAHEM L. B4 LET H,O-NaCl-
CO, + GH, + GH, R, 58 KM M Rk E &
REIEAH LR TS, 2001; BRATREE, 2007).

WeBr B T A - AT K AR SN R
BB, HAATPRE—BEMNT 202
~280C, P32k 248T ) PRI (2w (NaCl )N+ F
1.2% ~11.7% Z[F)JFfE. Bt 8 bt Box
EI B AR AR EE R H0, K 5% B R
R T HO-NaCl &R, BRFHERNKRAKE
Ay

AATHET KT Rk RN 220 A A A
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BAEN BRI E, 29N R R EE, FIK
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B2, KIpitPEESHG IRR BT P iR
ey th B A R AEEE, B4 B T H,0,-NaCl-
CO, hF. MERTE BB, H iy R & i
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5.3 FEHREBERET RTEHS

EMBAAEGEAAN I EFERE. E5H
M HOCo, BEEA XETR—ARAES. B
HAHHIENS—RE, XE2RENBEEHRH
B4 A & P R 4R, 20045 20T %E, 2007, R
WA B AR N A SR R AT sR A e B AL RR
R RN, ORI A R T R IR EE, AR & Rk
i R RITEE K AR, T, B B 9 v 1 3
R RN BIET W REIPE, I Bl A e EH
FME, ZHBRaEFT EEUERAMAEKAE,
MEREEEAN H,0-COo, HEEEKR D, BrH
BEFHARN. EMHBRREKTT SR WLRRY
hE BE R ERFRERT k.

BRI O TR R SRR AT RR
B(Candela et al.» 1986; Cline et al. 1991; Bodnar,
1994; Shinchara et al. » 1997; SRS 5E, 2001: #RCE
%.,2005), MBE A RBEREIHE 3 #:OH
BAHRBEAETEE, ARG TR FREE R
B —ERENTBERER, FaEPNE RS
EIRASRERARE, FE— S RHBINR
A A @ TR ERREE AR EE AR
WHRMBERTER: @FRBRB AN, EH S T
AT SHBY B, MERIE P B TE B, U BN Rk
THER AEARERBEAEAK ESRERE K,
H,0-00, HEUEE. & T WREREME, &7 LA
raEE. AR — AR R ILE FREM
LR, RERS— R, R &M B &K
AR, B9 BN, B R4S ARk
BEAREEE 2 M, OREEEAIRTEHR
WA ERE(E, Bk, AT BE R B B R RS
B 19740, 1B AT S8 e 4 3 A T R Uk AR 9 I T T ke
Mo BT R A FIHT K KRR YR
SERVEHEIRE . AR B 2 T B B
TN EEYLH 2 — (BT R, 2007: A FE,
2007; Z 14 5, 2007; EICIEF, 2007; B 5%, 2007;
Klemm et al. »2008: Wu et al. » 2014). #JEEHR AL
EFEED, BT R RARE, SRR E,
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i H,0 1 Q0, B R4 W Rk P& B, 2175 7]
‘AREFEEYRE. ARERE H.E@FFHAEH
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ERREEFT, ZME4WARTRERES. B/
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P BIRIR, A& BRALIE RO RES,
1984). RIpiH FRIEEN L EA M BUIR.
BB LSRR AEERS TER
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i 76 7% FE J1 %2 IE (Roedder, 1984). & i, 5 Bfr B 1)
RAEAEEY—EE(234~380T . 1 323C)ORE
T RFHTHET R E W Bk MR MR IREE.
BZ, KIPHET IR & B RAE A
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#l.
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AT ARERH AR BIFE R E 1 (Roedder, 1984). Eid
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MR AH—EE Y —FR HE RSN —EE,
FIH B fE O B AESE A E M Flincor 1 (Brown,
1989)#1 Bowers F(1983)EFHHEHREAEE . B
TEMBEHH 2 D 1,0-Co, BEANKBREE,
HBIR L, A R 5 R AN R B BU A T B
A MEMETFRAGCERES. HEEEF
FrERAEE AN IRIES & 48~71 MPa. KA
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TWHEIRGP B RRAAETEREEN 1.7~2.5 km. H
b, RO IR L0 By R TE R 7 1.7
~2.5 km Z.[].
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