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Abstract

The Caosiyao deposit in Xinghe County of Inner Mongolia is a newly discovered superlarge porphyry Mo de-
posit in the central segment of the northern margin of the North China Craton. The orebodies of the deposit
dominantly occur in metamorphic rocks of the Jining Group, close to the contact zone between the Mesozoic
granite porphyry and the Jining Group; the deposit is genetically closely related to the late Jurassic syencgranite
porphyry in the ore district. The ore-forming process in the deposit can be divided into three stages: quartz-
molybdenite stage, quartz-molybdenite-pyrite stage, and quartz-caleite-pyrite stage. Four types of fluid inclu-
sions were recognized in quartz phenccrysts and various quartz veins. Fluid inclusions include liquid-rich (WL
type), gas-rich (WG type), HyO-CO,(C type) and daughter mineral-bearing {S type) inclusions. The fluid in-
clusions in quartz phenocrysts of the syenogranite porphyry are composed of WL-, WG-, C- and S-types; their
homogenization temperatures and w(NaCly,) vary from 385C to >550C and 8.0% to 65.0%, respectively;
the fluid at this stage generally belongs to the H;()-NaCl-CO,-CH, system. The fluid inclusions in quartz of the
quatrtz-molybdenite stage also consist of WL-, WG-, C- and S-types; their homopgenization temperatures and
w(NaCl,) vary from 243C t0 401C and 6.0% to 40.7%, respectively; the fluid of this stage generally be-
longs to the HyO-NaCl-CO; = CH, system. The fluid inclusions in quartz of the quartz-molybdenite-pyrite stage
are mainly of WI.- and S-types, with a small amount of WG- and C- types; their homogenization temperatures
and w{NaCly) vary from 208T to 336TC and 1.2 % to 34.1%), respectively; the fluid of this stage generally
belongs to the HyO-NaCl + CO, system. The fluid inclusions in quartz of the quartz-calcite-pytite stage only com-
prise WL type with homogenization temperatures and w(NaCly) of 124T to 196'C and 3.9% to 13.2%, re-
spectively; the fluid of this stage generally belongs to the H(O-NaCl system. The ‘O‘ISOHZO and 8Dv.guow values of
ore-forming hydrothermal fluids of the gquartz-molybdenite and quartz-molybdenite-pyrite stages are 4.1%0 ~
7.5%0 and — 96.0%0 ~ — 76.9%0, respectively; whereas the corresponding values of the quartz-calcite-pyrite
stage are —2.9%0~ —0.5%0 and —112.2%~ —77.7%0, respectively. The H-O isotope analytical results indi-
cate that the ore-forming fluids of the guartz-molybdenite and quartz-molybdenite-pyrite stages were primarily
magmatic and those of the quartz-calcite-pyrite stage were mixed fluids of magmatic water and meteoric water.
Fluids of the quartz-molybdenite and quartz-molybdenite-pyrite stages are both immiscible fluids, and the multi-
episode fluid hoiling and oxygen fugacity decreasing constituted two dominant mechanisms for mineral deposi-
tion.

Key words: geochemistry, fluid inclusion, hydrogen-oxygen isotope, porphyry Mo deposit, Caosiyao, In-
ner Mongolia, the northern margin of the North China Craton
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Fig. 1 Simplified regional geological map of the Caosiyao Mo deposit in Inner Mongolia (modified after Nie et al. » 2012)
1—Quaternary; 2—Palaecgene and Neogene: 3—Mesozoic: 4—Paleozoic; 5—Meso-Neoproterozoic: 6—Paleoproterczoic Erdaowa Group:
7T—Neocarchean Sertengshan Group; 8 —Mescarchean Wulashan Group: 9—Mesoarchean Jining Group: 10—Palecarchean Xinghe Group:
11— Yanshaniangranites 12— Indosinian granite; 13— Variscan granites 14—Meso-Neoarchean granitoids: 15—Geological boundarys 16— Faults
17—North China Craton; 18 —Hinggan Rarge Mongol Orogenic Belt; 19—Gold deposit; 20— Lead zinc silver deposit: 21—Molybdenum deposits
22—_City/town
Nemes of numbered faults: (D—Guyang-Wuchuan-Shangyi fault; @—Linhe-Baotou-Hohhot-Jining fault; &r—Daihai-Huanggihai fault;
(Z—Hohhot-Hequ fault: Br—Shangdu-Xinghe-Weixian fault

—_—

ZEi M4BT R A (IR IE SR, 2006; R L%, HHMHESEECIE 175 77, #HF 5467 0.078%

2006: BRI, 2012). (TR H T T B T R 2 — R 5B, 2014)
PEHBHBEN AL RETRE LSS4T
2 BARHLR BT ARREANES RN RS SR EE

AW LR RA LN S ZRBLURE DIRE KR

HURET R TARE S E2RATREEN A FEAFLR LFAERELRAPEL BT
KA, JCTEE N AR 4 kmo T XHBALR.  ARBNRIRWE 2)(FHHE, 2012: BAE
RE 113°51'40"~113°54'007; Jb45 40°48°00"~40°  %,2013). # R W ETR#MIELBK T, Ll NE [,
49'407. HHKR 2011 FFEAMFET HETR  NW [ E, HEKOVE SN [, BB, ik £
RRHFEH A ZBNERXRFEHT K, Hil  RHENSVNETHRIE. NE W NW RGP



®33E HoeM EEBRS: WRENAUEY N KEARESHY KRR B AN K IH LRI 1217

AR E, WEAREZ AL . SFRAN. ST L,
W\, BT . IEdbm ML ELE
DR FIE. £HRWERES ST BB M
FRETHRAFT R NG (FEFRE, 2012: ZRE
£,2013). FXAREHIAEKRRES, 2EK. 8
Bk, FEAERATHEKERB S . RO
H KRB MEKERRS, A LA ICP-MS
U-PbF# 25 % (148.5 £ 0.9) Ma.(145.0 +
1.00 Ma A1(140.1 + 1.7) Ma(M4EZ KRR BEHEL;
R R RBERRNPARBRIERE, REE
Rl BETHRANETHALEEH T (EE
BAE,2012). BAFHIEKERBSE SEHIURET
RREY.

Hr S EEETHRGEFIHEKERBESSET
B SN EMERRA D BY B EERH
BOSHC B A ME R A SR R A IE
KIERBARREORMNET =, HF & FE
EE—ARHRRMEAR, RE KLY 2000 m. BILE
#1 1600 m; HIH 2 MBI R, EEN T 400~
900 m. ‘¥ E 508 m( B 3). T ES5HEEHELIE,
THEARS, HINHFEEEAS(EE <150 m)H
WS (FEFHS, 2012: TRES, 2013). §
WRET KFERESRT WAEET H% (E
dar-d~h), H AT (B 4b.o)- HHT (A 4d.
D EEREY (B 4.0, BELOBBET; FE8KAE
& RTYEFRET (B 4b ) FEET(H 4ded. Bk

— >z

O #/AR

A

G

2

250
o,

75 :&“«0;»,
05 S0
T
! A%

£
s
Lo
hode!
S
ciotestsd
00050
o,

25
s,
e,
%
it
SRR
btotetstyty
btetetutatetes
etts

hte!
2,
O3
3505
&

2
i

?
A
bete?

% T
5ol
v

2
ey
SO0

RS
o2eleleletes
e
"4-‘%:‘&
Ptetety
atetaty!
0‘9’0‘:,
“ﬁée

i
T
?ﬁﬁ*&'&
\feiiantiege,
e arennitin
\ «ta‘.*:"oﬁo"*o CASersette,
s
e

< o
Sateleletetele:
RBROREON

et tetetitetetiy.

/'\

B 2 HIRAT RHREGEEER RS, 2012 35D
1—HNRTERY: 2—FERTAY: s—HERIEY: +—hRANRETHERY, S—ROZBiENES: ¢ MEPHERBE,
THRIE R B Bk 8 HURRER: oW 10— AFHAAES: 1—RKAFHLRRS: 2 BREERS
Fig. 2 Geological map of the Cacsiyvao Mo deposit in Xinghe County, Inner Mongolia (modified after Li et al. » 2012)
1—Quatemary seditments; 2—Neogene sediments; 3—Palecgene sedirnetits; 4—Meso-Archean metamorphic rocks of the Jining Group: 5—Early
Cretaceous granite porphyry; 6—Late Jurassic granite porphyry; 7— Yanshanian granite porphyry vein; 8—Geological boundary: 9—Fault;
10—Drill hole and its serial number; 11—Barren hole and its serial number; 12—Exploration line and its serial number
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Fig. 3 Geological section along No. 8 exploration line of the Cansiyao Mo deposit
Cafter No. 2 Geoexploration Party of Henan Bureau of Gecexploration and Mineral Development, 20142
1—Quaternary sediments; 2—Palacogene and Neogene sediments; 3—Neogene basalt; 4—Meso-Archean metamorphic rocks of the Jining Group:
5—Late Jumssic granite porphyrys 6—Neoproteroanic dishase dike; 7—Geological boundary; 8—Fracture zones 9—Mo orebody (10(Mo)>0.06% );
10—Mo minetalized body (0.03% < w{Mo)<0.06%): 11—Drill hole and its setial number
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Fig. 4 Representative photographs of ores from the Caosiyao Mo deposit
a. Leaf-like molybdenite of the quartz-molybdenite stage: b. Hematite replacing anhedral granular magnetite of the quartz-malybdenite stages developing
a metasomatic dissolution texture: ¢. Hematite replacing anhedral granular magnetite of the quartz-molybdenite stages developing a metasomatic dis-
solution textures d. Anhedral granular pyrite and chalcopyrite and sheaf molybdenite of the quartz-molybdenite-pyrite stage: limonite replacing
pyrites developing a metasomatic texture; e. Anhedral granular pyrite and leaf-like molybdenite of the quartz-molybdenite-pyrite stages pyrite replacing
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molybdenite and limonite replacing pyriter developing a metasomatic texture: f. Anhedral granular molybdenites pyrites pyrrhotine and chaleopyrite of
the quartz-molybdenite-pyrite stage: pyrrhotine replacing molybdenites pyrite and chaleopyrites developing a metasomatic dissolution texture; g. An-
hedral granular pyrite involving anhedral granular molybdenite of the quartz-molybdenite-pyrite stages developing a poikilitic texture: h. Euhedral-sub-
hedral granular pyrite and anhedral granular pyrrhotine of the quartz-calcite-pyrite stage; i. Veinlet disseminated Mo ore of the quartz-molybdenite
stage: j. Lumpy Mo ore of the quartz-molybdenite stage: k. Disseminated Mo ore of the quartz-molybdenite-pyrite stage: 1. Pyrite vein of the quartz-
calcite-pyrite stage
Cp—Chalcopyrite; Hem-Hematite; Lim—Limonite; Mo—Molybdenite: Mt—Magnetite; Po—Pyrrhotine; Py—Pyrite
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Fig. 5 Representative photographs of altered rocks from the Cacsiyao porphyry Mo deposit
a. Silicification and sericitization in Mo ore: b. Silicification and sericitization occurring in Mo ore and potassic alteration cccurring in syenitegranite por-
phyry: c. Sericitization developing in K-feldspar phencerysts and quartz vein occurring in syenitegranite porphyry: d. Sericitization occurring in plagio-
clase phenocrysts and argillization cceurring in K-feldspar phencerysts and groundmass of syenitegranite porphyry: e. Sericitization-muscovitization-
argillization occurring in syenitegranite porphyry: f. Seapolitization-carbonation occurring in monzogranite porphyry
Arg—Argillization; Chn—Carbonate; KI—K-feldspar; Mu—Muscovite; Pa—Potassic alteration: Q—Quartz; Scp—Scapolite; Ser—Sericite
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TR, LEE R T 9E0E L, #IH Hal
(198O B ARG . FIHARF (1987 AR
RSP TR AT B #H98 Shepherd %%
(1985) 4L I#H B3R H,O-CO, BB &K EE; I
HXBRooDLR AN, HHEHETT PEEEN
TR,
BAMEEERS R 8T T Ei
FRERT R ENRFTEL R EERTEREE
FIP E S ER F5E R, %A Renishaw inVia &
Bt 8 A N 514 nm EEOEE, i
FAFTAA 10~30 s, % 1 em™ ' 1 ¥R, 100~ 4000
cm ™ VI BL— K HUE, BOGRBESY 1 pme
3.2 S.SR{FEERSNLTE
HFAEERECRAS. A RLEN R 14
FERE SV EL B ZK1600 8578 5. HoP, B 5 CM-63.
CM-74-CM-82. CM-83+ CM-85.CM-87 Fil CM-88 4}
B B %4701 296.0 m-453.1 m.506.8 m-508.9
m-531.3 m-604.0 m # 610.5 m &b, FE-HEEET
MrEXB4ET A FE S CM-93 AELE 751.9 m AHIA
PEREET R I BUHT A £ 5 CM-68-CM-69-
CM-70~ CM-78- CM-80 il CM-84 4> J HX B &% £ 4L
401.1 m+413.0 m+422.3 m-473.4 m.476.8 m
522.5m &, AT BB B A X A RERY
k. AERFHARER H.O FMEITES Bk
AR R RN R E L R RS RT e E %
JRVEHT B 5 S B % 5E B, BT 3 U Finnigan MAT
253 BURIBN . AR O B E T RA BeFS ¥
AREAIKE H F A7 % 43 17 % AR R UK | 88 ]
S,BBEEHSOC. ORAMNESHBEERT
+0.2%  H AN ESITBERLT £2%. SHER
¥ SMOW A friE. 3eKF O B 60 FHHE 3R
MAYES O RALERXA S BT E 1000 Inogz x =
3.38%X 10872 —3.40 (Clayton et al., 1972)¥ &3k



1222

K O # K

2014 5

& B Fe b TR SRA BRI b X R R B B
HAEAY—RETFSE.

4 JPALER

4.1 HEENE
4.1.1 HEREEEMHE

B OEAAE ER T M AT SR E N #
RS AR R 8 R AT R, B H RS
4R EERIIE 6).

(1) BEWEEEWL 2D: £ H Ko XER
i S BARKTHARRE, HSAARREAEEK
WS AEAZEMER. 2R Y,
K/ 3~40 pm, KEAHE 5~20 pm( B 6a~c). B
BESH S OBEEB AN 5% ~45%, MAUEH—
M. ZRDCESSEEBEEEN 0% A4,
J57%:: 3 YA R A i i 8

(2) BESAEA(WGED.: SR NuBATER
FHEAEMEMAEEATHBEMEREKS. &
BEREZEWETE R IE, KM+ T5~20 um, K
B LE 10 pm KA (B 600 BERISH FUEE
BRI 50% ~85% , INHVEH A< . #HER
BEESEEEBEN 20% L4, BILH.

(3) H,O0-CO, BEAE(CED: ZRHaEMEE
ESMERA SRR AR OBAT RN A KD, F
AE AT RV BRRAETRFLORSN.
AEEEARINE, KDAT 12~20 pm, CO, Ml
BEALERN 25% ~80%. WG, ZRNUGHE
B —BSH, FEORERES —BHME. C
HABFATOEALEN 10%, EHEEEEN
S B 6d), A8 TT SRR B, 3 A co, Ak
(H 6e)-

() FTFVPaEEGSED. ZRAOE4ERT
R ER R A REEY A S EEY - KR T
BO%EEY. BBAEHERERARME, K
—BANTF 7~20 pn, SHECEEBERK 5% ~
25%. BEETTR1ATFFHR 2 AT
7 P PAER  HERAENT YA 6. %K
RAEASOEELSEN 10% L5, BI040 .
4.1.2 HiEaEEEHITR

RAAEABHEIRERESHENR 1 E 7.

FRKERBEEMOREERTEE WL.WG.C

FAsHAhaEE. WL BAEKYIKALE -8.8
~ = 7.1, w(NaClL 4 T 10.6% ~12.6%, 554
B—BEANT 385~436C, MAEEENT 0.60~
0.72 g/cm’s WG BB RIK j7E — 11.8~ - 7.6
w(NaCl ) T 11.2% ~15.8%, T&H—HEN
F 388~482C , M EE N T 0.56~0.68 g/an’; C
HUBEANTIBEEN T -66.9~ - 60.2C, &
YIBUBENT 3.8~6.61C, wNaCl )M T 8.0%
~10.8% , CO, HIBAH Y —BE N T 9.6~30.6T,
TEB—HERUEB—A 5 471C, WL REE
BEX 0.38 g/ cm®; S EVEZEAR KIS HIE SRR 233~
550C , BEHFIYH ABEAN 304 ~550T, 5E41
—#E > 550C » w(NaCl, )+ T 38.5% ~65.0%.
REBEENT 1.08~1.21 g/c®(BE 7a.b)s SEA
WS T PEHER, REBH A, IFEAKEH
R, FWYRHEL RS 50 Hilk BT g
AR BEETHBENAEPIRE WL.WG.C
MSERAEEER, WL HEEAKNKEE -10.8
~~4.8C, w(NaCl )/ T 7.6% ~14.8%., B2
—IREMT 243~395C , MMAEFEMATF 0.70~0.90
g/em®s WG Bl G Z AR RS, KRB KR
B, TEFAK R, K22 —REMN T 328~
IC:CRHAEEANTBRENT - 65.7~
-60.7C, EEWELBENT 4.1 ~6.8C,
w(NaCl )/t F 6.0% ~10.3%, CO, HE4H—H#
BT 9.7~304C, e —BEN T 302~
365C , MEBEFENT 0.59~0.86 g/em’: SEHAE
PRE S IIE RIB RN 202~354C , A TFH HiE &
BER 236 ~321C, T —BENTF 276 ~
354 » w(NaCl, )/t T 33.8% ~40.7% ., MAEHEE
AF1.08~1.13 g/c®(B 7)o SEAOEAEESR
TV PEER SBREHE FERBEHR, TV
VilE R, UM B Fik R T Ed mAakE.
HEBEHT ARV BEN O RN EERT
WL B8R S 8, /"G 8 WG 80 C BB E. WL
RHAEENKANT -8.9~ -0.7C, wNaCl
F1.2%~12.7%, &H - BEMNT 208~336C,
kEENT 0.76~0.95 g/am’: C EEAKH
RN — 60.4C, EEYMALBE XN 6.7C, fifk
w(NaCl,) A 6.2%, CO, HB A —BE X
30.5C, e —EEH310T . WEEEHR0.37
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VH,0

e e
i - |

B 6 HVURET RERKIENAERRNESH BREk AR ARER A
o, EXFEREEARIR PN EROES: b BEAWE-RET P BE PN EHQES: o, FIIET Y BRI EH KA
BTV UUBAITE: o TR -TGH BB I M H0-00, WK . FICMRAER BT BRI 0O, WMBHk: £ ERALRIE
SEEEAT T WEH
Liyo—BAIAK: VoI Loo,—HUHH 00y Voo, 14 00 Th—Fidhs Op—FBHSRAT

Fig. 6 Photomicrographs of representative fluid inclusions in quartz crystals from the Caosiyac Mo deposit
a. Liguid-rich inclusions in quartz phenceryst of syenitegranite porphyry; b. Liquid-rich inclusions in quartz of quartz-calcite-pyrite stage; c. Coexisting
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Liquid-richs gas-rich and daughter mineral-bearing inclusions in quartz of quartz-molybdenite stage: d. H;O-CO; inclusions in quartz of quartz-molyb-
denite-pytite stages e. Pure C0; inclusions in quartz of quattz-molybdenite stages {. Daughter minersl-beatring inclusions in quattz phenocryst of

syenitegranite porphyry

LHZO*Liquid phase H,O: V%O*Vapor phase F0: lmZ*Liquid phase carbon dioxide: sz*Vapor phase carbon dioxide: Th—Halite:

A

A

g A

il
7
(=2

—a R

- O] e
Bl R
— [ F.0-CO, 34k
= ReagEREE

Op—Unidentified opaque daughter mineral
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C iR B
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AV(=333 C

12 =

I ’:II
gL 11

L1l I\l_

— 71 RN AT - R AT I

» il

||l\l|||—|—5=lql\li

24 — f

AVG=274 C 18 =

al —
™

12 =

6_

- AVG=162 C

[P E— v
Lo} L}

|_ —|IIIIII

- & L MG RATIE
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IIII\JHE_'H”\I_

A Y I o L [T
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190 230 270 310 350 390 430 470

7

N N Y 0N S I

>550 0 4 8
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W RHT Ry . T

Fig. 7 Histograms of homogenization temperatures and salinities of fluid inclusions in the Cacsiyao Mo deposit.
showing average temperatures of various mineralization stages
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g/lem®; S EHAEBAMNSHEHEELBENT 168~
202C,, ABTFH Y REE N 132~247C, BLH
—RENT 228~292T , wNaCl )T 29.0% ~
34.1%, MAEFEENT 1.12~1.25 g/’ (B Te 1),

RE-FRARETIBRRNAEFNNEE WL
R, K R - 9.3~ - 2.3C, wNaCl,) A
F3.9%~13.2%, 5&W - BENT 124~196T,
RAREENT 0.93~1.03 g/’ (B 7g F h).
4.1.3 HREGEEBEUGREEST

A YO Y RART R T I IE KR R PEEH
IR A& R TP R R EAREAT T SAHB A
RIBOEh 8 I AT, MR LE 8. EKTE
REANAXKEETERLEESHARTFTEN
HO0 M CO,(E 8a): ESAEESHES FER
CO, fl CH,(H 8b). AEEHTHBMNEAEEDE
BABEESHBSEEN HO F CO,(E 8c):; H,O-
CO, AR MK N CO, (B 8d). Fr¥-WE4H
V- EBETHBRNARFES T WEEERSHERS
FEEHHD H,0(E 8e). A FTHRAO-HETMENG
RPEROBESHRSEAS Eh B0 4Ak(E
8.

BE b, WAZEHEE, BlH R EET B, B3
RENEET BBV B, BB RE LB
VB AR co, M1 CH, SBREB#HW . K
RS B — 4k, B R BT K H,O-NaCl-CO,-CH,
R, W B H,0-NaCl-CO, &R, Hib A
B MR B B H,O-NaCl & . B0 kB4 LR
T H,0-NaCl-00, + CH, & &-

4.2 S.5FME

WY RAAT IR 14 AT HE R B O BRI
MR R ACEE HAAENRERLE 2.

THAEEHTPBBRAER B0 HELT
9.9% ~ 13.3%a, & 1 3D E I+ F — 96.0% ~
—76.9%0, W H M 380 EHAAT 4.1%~7.5%0- 1
HFORBEHT AETHEROERN SBOMHEN
12.3%0, 8D {H 2 — 85.2%, T H H ) 580k H A
4.4%0. 6 HEAEITTHA-HHT BrEAEN SBOH
T T 11.6% ~ 14.0%. F£ & #1 D EN T
—112.2%~ — 77. 7% T EH H I 38 Oy AN T
—2.9%~ —0.5%0+

5 W ®

5.1 BEREEHTEEEKL

RAGEEEEE. SRR LB 86
SWERRE, HIURHET KM ST Fiddk LE A
(1 SR B ER (P I A .

FKERNBANAERETRETER. B
H0-Co, g TH WA, By fidlmRoy
—IRETF 385~550C ) wNaCl ) K AF
8.0%~65.0%), B CO,~ 7 CH, f61E. W WAL
& B F H,0-NaCl-CO,-CH, %,

HEFHT MR ERCESAE, NRNRF
KEMNES H0-00, 4 Fi HauEsk. AEHE
B—RENTF 243~401C » w(NaCl D/ F 6.0% ~
40.7% R R E ST R R EMBREA LS
K& CC, 77fE, Bk L, i RdE T Eid. S E
FIRM H,0-NaCl-CO, 5.

HE-BET RETHMBRUEHREEEN X,
H0-CO, MG FiYaEETERE. ZMBaE
535 — iR B F 208 — 336C w(NaCl,) B/ F
1.2%~34.1% . HF @A E LB TR ERER
A M H,0-NaCl-C0, + CH, % .

AR ARA-RETWRNREEHaERK XK
B—EEMT 124~196T » w(NaClOZHT 3.9%
~13.2%, B @ RGBT AR ER CO,. EH
B )R TR SR E N H,0-NaCl R,

HETA, BT RERENLBREET — &
FIM A p3e k. 1 —E R B S, HEKIERTE
BERTETE Y 385~ 550C, Bl A BT B &N
243~ 401C, B/ A FEHEHF KT B B 208 ~
3BT, BHEAXETHEAEZLRT BB 124 ~
1967 ; BL B H BT PR, A B B A R B Ry Mgy
o R, WA T T R - R B B K B
Ak SH R R R —, B IE AR R BA R B &
) H,0-00,-CH, &, B A X EET BN 10
CO,+ CH, R, BRI A X MET AT RN
H,0+ 00, %R, BEEM AR G- K50
B HOAR., B2, HWURET KB RELS
HRL T 2R B S MR RLASRRTE , B4R BB THO-
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a. EEENPENOERETEHOBEESHES: b EKERFESNOERETESORESHARS: o AR BT HERENGRTER
BEESHMRS: d ARET R NARY HO-Co, AREASHES: o AN FE;-BETHRNAZDEFTHEBESHBS:
f. AR FBRO- RS B ENG 3P E A RS
Fig. 8 Laser Raman spectra of fluid inclusions of the Cacsiyao Mo deposit
a. Vapor phase composition of liquid-rich inclusion in quartz phenocryst of syenitegranite porphyry; b. Vapor phase composition of gas-rich inclusion in
quartz phenocryst of syenitegranite porphyry: c¢. Vapor phase composition of liquid-rich inclusion in quartz of quartz-molybdenite stages d. Vapor phase
composition of HyO-CO; inclusion in quartz of quartz-molybdenite stages e. Vapor phase composition of daughter mineral-bearing inclusion in quartz of

quartz-molybdenite-pyrite stage; {. Vapor phase composition of liquid-rich inclusion in quartz of quartz-calcite-pyrite stage

F2 WOXETERARRORGENES.ERERER

Table 2 H and O isotopic compositions of the Caosiyao Mo deposit
CM-63 B BT ¥ 9.9 333 4.1 -78.6
CM-74 FE-VET TR HE 13.3 333 7.5 —-96.0
CM-82 A EHET B A% 12.8 333 7.0 —85.9
CM-83 FR-FHET MR I 12.8 333 7.0 -71.9
CM-85 FE TR e 12.2 333 6.4 —B4.4
CM-87 R EET R A% 12.3 333 6.5 ~76.9
CM-88 TE-BET MR a%E 12.3 333 6.5 -79.3
CM-93 BT R A 12.3 274 4.4 —85.2
CM-68 A A By & HE 13.2 162 -1.3 —87.9
CM-69 B RA- T B s 12.2 162 -2.3 —87.9
CM-70 AR BT B HE 14.0 162 -0.5 -112.2
CM-78 TETED- BV % 11.8 162 -2.7 —B4.8
CM-80 AR B EET B % 12.4 162 -2.1 —B5.0
CM-84 ARTEO- BT HE ¥ 11.6 162 -2.9 -71.7
NaCl-CO, + CH, & . MERBEANEERARH - |
SR WY ORI S5 4T 30 B BL 8 1 2K L fesMow
ARG B, WARREE. 3R K, f I
2 Rl 5 7 I T B & Tk
5.2 RARAKE T By
HE 2 T4, W R KA XM B0 EMT é i |
9.9%0~14.0%, P11 12.4%0, HELHEE 51 7% sof- A ML
ERBIER A %0 A1E(10.0% ~ 12.0%0, Chen et L +
al. » 20000 EEA—3, FUP KPHMBAERTE 7L ¢ LT TR R
G TR - S 2
WS R A 6, Wk B TR R, | el
PSR4 PR S MR BURL G JE R S L

MROXEAEBEAN D ENT - 96.0% ~
—76.9%0: 380k BT 4.1% ~ 7.5%: A K- 5
ARBTHERAERELEER D AN T
—112.2%0 ~ —77.7%, 880k N T — 2.9%0 ~
—0.5%. 7EE 9, G REF KA EEEHT W
BMAT-EET R R NE- SRR EIER
AR A R K BRI, RITH U RET KET K
EHF HrBREBE B RN MAT-TIRA-BETH

5'801.[20/%0
B9 EIHRETIK 80y 08D R

(UEEE Taylor, 1974)
Fig. 9 &D versus 8150},20 diagram of the Cacsiyao

Mo deposit (Base map after Taylors 1974)

BHE-EFRMRBBERBAETNKE LS R AR
218, 2% B B R B AT B B KSR
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B2, W REAT RN S HER S %
BT H R, HEH BB EE A A KK, TR B
BB R FEKBA.

5.3 REREET RTEHH

VU RAHT R 4k B 1 TR TR R B A G e
AR ZE T N B R A S T B B
ARTFHRES TV HRERK BELBRTFRE &
HERE. AR (Candela et al. » 1986; Cline et
al.» 1991; Bodnar. 1994; Hedenquist et al.» 1994;
Shinchara et al.» 1997; Clines 2003: Heinrich,
2007: ¥ LS, 200803 B, 6 #h B 6 S L 1K PRI T B
PLEITTRER 3 9. O HEARKEE A4 TE,
HEEPHIRESKEL —CEENES RS BE
A, AT E R E DA ST EAIRA, 2k
— 4 AL R A AR AR, X RN
B hCEH R E” (Clines 2003:; Heinrich,
2007): @ WP EEERBETHEFNBEEAR
MEHBERER X—FHEE R HE AT E
BB Ry, 3H AR A W% B ” (Cline,
2003; Heinrich, 2007): @ A RIRMBRALI, FEHS
e TR AL IR R RA B B, MFRR b EL 4 v T R (¥ R
%,2008).

B IR RIERIE KB AR & PR
B ER-BLO-CO, IS MaEhEem—4a%
LT, BT STV YaEAN —BEHERET
Hfh 3 MARPEE ARG HEBNIY—BEE 100,
BN ZM IR AR ANREN . WILRIEN TR
Y RPIEH TR T B8R MBS IS R PR AT
idk, HP R ENTHRARBERT ELER
PEAOER S FRRA. G BET BB GE-
HEED BT BB AR OEAER
—AEFEEE 6c), HIXRBEARFFTEEMELE N
ARALFTHENS—REE 100, X2AR KR
PR TR B R R IE (5 IR B4, 2004). FRn4H
B MBRRARET 2 REHB. AR GHEA-HEK
FHMBNAT BEHAES B aE AR KR K
th AR AT, RBALD A RRA S KIKRE
i’/

B RAREE . pHE . EREMN SR’ EE R
BER 408 Il B E E VL (Wood et al., 1987;
Selby et al.» 2000). BFFLRE, RN, HESHEK
BRI 2 E L MO, ERER, AP % E
BAFTLUeBRERETFARAELE RER
B A Mo-O-ClIERIER ; 7E300~350C i, 4HE

O (@ kiR

& L% MERT I
60—

ol |0 s G murma

O WILH
AWGAH
@ TR -k I © o

o s o B

e
=
I

w(NaCl, )%
Lo}
[
"
L
[
| R
L&
=
t“(‘-..
1 7]
o
|

[\~
f=]
I

10

® 1 \ b

300 300 >‘55()

RE/C

400

B 10 WIURET HRIEETEAIRE- 39 —EE X R B (NaCl #8128 3 Bodnar, 1983)
Fig. 10 Diagram of homogenization temperature versus salinity of {luid inclusions in the Cacsiyao Mo deposit
(NaCl saturation curve after Bodnar, 1983)
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E L NaHMoO, 3 KHMoO, &AW EH; KT
300C FMEEE RAF, HEEUE MABRENSE
A% 5 HMoO; £ X & 7E (Bernard et al.» 1990:
Shmulovich et al. » 1995; Ulrich et al. » 2008). 244k
Vi TR R R &4, HNE SR
A A T PR e, I P AR R A 1 v P B
BEHSSEERSNXERRE, BT 5E AT H
Y ELE A G REBNEL W CO, A5 HE
RlRse 2 FEHA pH HEA R - RRERIK.EEY
BB, AT DA A 28 Byt (N =
BR4E, 1984: FEH X, 2009, XU HE %%, 2013: B %,
2013;: Wu et al. > 2014).

TSR F, § WY RET KA - EET R AA
KA - ST I BRARET BmAKRAEDE.
At X 2 AMBHBLE H,0-CO, S I 0O, ¥4
B BET 0O, =H AEE, RULEHKF
FFEE CH, S, ot B0 - An Rl 2] CcH, 1)
FE. SHMATTREREE, BE R EBF K
R, RS O BE XA R M (Van den kerkhof
et al. » 2001; #RILHESE, 2007). HTETHEFE
#1300 m A B E, FLRMN W N XE K
A BT CH, MR FERA FREHRELSEEK
PR RN, B 2C+2H,0=CH, + CO,, M S8
P HAET A5F CH,. — 77, CH, WAAES A
TEHEARKNEM, 2 300T 8, o(COBH KT
15% 7 7T BUR AR A AT, T o(CHO KT 5%
BEERENRE, CH, WEERF T XHEAER
EHIFE(Naden et al. » 1989): m—A M, CH, IIA
WAk, TR AR A I Mt B4 Mo, SO B
Wh P (HEESE,2009). BERFAEST KKH
REW, B MAEPERENZAEFET HIRE
FIEE R X (Sun et al. » 2004;: 2013), B WY KEF K
AR-MEEAT M BREMSRT, B ia L THTE
RS, SR AR AL S BRI AR,
BIRRE: 12Fe?* + S0~ + 12H,0=4Fe; O, + HS™ +
23HY , X—dEEAMB A A ET RN
EER. EAHTAEEET BT itk
SR TENRET KRR G EERRE S2
THEEAREET - HET B XE R Y 5
¥E.

B2, REHBESET Ry REwEe &4
4L, BEMREHEEINIR, MEST NSRS
WRFERANERERRE. Fik, RN LB

BRI RET K RHAWTTRE 2 F
TEHLH.

6 & ®

(D HHURETEREFER. EX-H0-C0, H
T 4 MR aREE. ERIERBEEWAR
HERTEBFEM.ES-HLO-CO, I FIMas
A BETMRUEHRAERNE, ANEE
REFES-HOCO, NEFIYaEs4k XK
HY RSy B ERAELENE, BL,0C0, fiF
THYRBEETRBRRE: AR T RA- 5 B BN
REBHEREE,

(2) EKAE K BEE A EBE & P TR A &
it £ BRI B K K HyO-NaCl-CO,-CH, B R A ¥
HF W B AR T i B S K i H,0-NaCl-
CO, +CH, AR A EHEHY - B&y R ER T
i BB B A M HyO-NaCl + 0O, & A%
AR I B A R R 1% 3 B H,0-NaCl
%R,

(3) HHURET KBV BB EE A TAK, &
VB BRE H BRI AR EKBA.

(4) BFE-FEET W BRI SE AT - H BT B
BB ANBE T AN SR EBRSAERRE
KR PURAET AR RUTHR I 2 R EZHLH.

A BEENERETEIT P E A
FOEROE R Z AR R IE LR B RS
HREFRET P ERE SR S R BT BTV
FEGTFL AN R BT M HBRAL F BT BT 7 T
FOIRRKIESHER. EE—FRURBR KR
P
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