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B (BA 2. BRBah (8B 2%
0.0n—0.1mm) FH&k, #KA, KA M
DEBRZBRARBHR. Bypda4EE
KRB -BRA- AR, ZBEHLE
B4 FHA&SIO, 73.83%,K,0+Na,08.06%, K,O/Na,OLkffizh1.82, BEHEHFHSER
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FMBIEAE— 2B E LS5 RSLERE X, SHEEMMSHESH - KRRKE.

Besh, FEIZBEA MW, REEEESHHMELEN -BE.5—1.0mm) B ELR
R¥Ebk, FHERNR, £20 L, XEMAXEHE BRI, BTERREAE, HXY
fR—%, EIKBEEMESHRERE, ANTRER, XHAKERENE LEOMNEER
EEEEN. TEBLHVEP, HTRK, S.R. Wallace PEFIEXHERELARLE
(ribbon rock), A EREME K EEBREE HITH 5> BT, TaW. H. white®E ]
R h B A KBRS (crenulate quartz-layered rock), HETXHAXRKSER, ¥

cduicheng porphyry molybdenum deposit,
1-Quartzite of Gaoshanhe Formatiopsy 2-Metaspilite
of Xionger Groups 3-Slate and wffaceous slate of
Xionger Groupj 4-Biotitized spilite; 5-Hornfeled spilite;
§-Digbases 7-Laoniushan adamellitey 8-Jinduicheng
granite porphyryy 9-Unconformity; 10-Axis of anti-
cline or synclines 11-Compresso-shear faulty 12-In-
determinate faulty 13~Tensional fractured zone; 14~
Boundary of orebody.
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NaAlSi;0:~-KAlSi;05-SiO-H.OR KW F- PR T M HRE A Py, o Pur B R,
SIRAXEMBRAE AR MUARE. W, HXFHAANMLAMRERR AL~ REM
XMERNBRERAERARSE, BETHE=RER, Ry HLis2A%E, A%
AHAGARFEE, BEBAERIAD, IFMELATREEERLESE, BOLTESE
RET, HEKEEHREEFTIROEZRIEANT Y. REHAYN, XFHALERTESH
EREADBREERR, FUEASHESN R EEE a4,

ATREF LA SNEERESHLER LRI ENE, RMNOXALEBASETHE
REHEACP) 2T MEXREES R (R, HEBRELIRERAHB L& EFHEDE
T E. ARLARUKXEDERY, BFUZKIERE. SBRIEREAMAERE
BRI BRAWREEN L L —5, NHE—-HAHME. A2FLCa—E0FAERL
(Gd—Lu, VVEBRERKHEY, HRBLILERLEREAEHE, ERLARMKTES,
RUARSBBEERK. SEFUAEHE, ERBRAAHES HEHE (6Eu=0.62—0.35),
HEERLMEHWEHRALYE. XRVETELHTEYRERRLTR,

&AL R SR ITE BT Bk MRy Sr/ Srb{E 43 B 240.7089 £0.00012
F10.70950.0001%, XA AERKHLEE FRLA R 2 51 4. *°Pb/** Pb=17.637,

#1 SERBRENEXRECB LTINS E (ppm)

Table 1. REE contents of granitoids from Jinduicheng area (in ppm)

HAREK B & B La Ce Pr Nd Sm Eu Gd Tb Dy
HD81-103 42.83 1 79.11 | 8.09 26.93 1 4.91 1,01 3.08 0.40 2.20
B —
KIERE
HD82-4 50.75 | 94.44 | 9.64 33.15 | 6.22 1.17 4.04 0.47 2.87
J81-1 26.78 | 53.22 5.69 19.76 | 4.32 0.75 3.52 0.46 3.30
& B 5
EREE
J-13 8.53 | 17.38 | 2.72 10.05 | 3.78 0.41 3.94 0.78 4.71
.
YAy THS82-1 3?.26 64.02 | 6.96 25.11 | 4,93 1.12 3.78 0.48 2.98
3 (La ~ Eu)
2 E: e
BRAR B A 2 Ho T Tm Yb Lu Y SREE 3Eu 5Gi-Toy;
HD81-103 0.62 1.39 0,26 1,10 0.12 11.28 | 183.33 | 0.80 7.96
EBHh—
KERE
HD382-4 0.79 1,72 0.32 1.37 0.02 14.12 | 221.11 | 0.72 7.69
J81-1 0.93 2.05 0.34 2.20 0.16 20,17 | 143.7 0.62 3.33
& % I
EREH
J-13 0.91 2.69 0.45 3.14 0.48 25.21 | 85.18 | 0.35 1.01
AERR T - 0.8 1.74 0.35 1,51 0.1 14 162.01 | 0.83
ﬂ&ﬂ.ﬁg_' TH82-1I .89 . 3] «15 #79 . . 5.07
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Fig.2. Chondrite-normalized REE patterns of granitoids in Jinduicheng area,

1,2 (HD81-10, HHD82-4)-Laoniushan zdamellitey 3, 4 (J81-1, J-13)-Jinduicheng granite porphyry)
5 (rH8z-1)-Biotite-plagioclase gneiss of Taihua Group.

¥Ph/2Pb=15.428, 2°°Pb /20 Pb=237.940; 2°Pb/**“Pb=18.129, **"Pb/***Pb= 15.511,
MPb/2*Pb=38.049, ¥R, XFMAHEME. HRMEARKEEF K, ETNET
BRI ENERBERR A WREFE L EXR, WLEHharE g s E°Pb, i
FoM B2 EERLRX R,

B2, RELZEUNTREREMERRIERBETHPREE. BUHERAIXER. &
BVORMBIN A E. SREREE. BLARYR, DRE. SRCEHRMIUE, 7
HMIXFAEERRB T CRERER) SEMIERFT & MRS SRS & BB,
i H & R AE X B8 A ok 3h i R AL AR 1E

OV Y ¢ S 11

AP RMET KR TRE SRS BMEHBIBARMAELABAEN. THETH
HPBE R AR, kA BB — & H0.2—0.5cm, I HIkER1.0 m, [BEEKEH
VAZSE (B, BETLEFFECHHETE, EFELEURER (RED, REE
R REL L4 1, BRTLEESH1000 m (B3, FAMHBERMULEBTARBHERT RELE
A, BREEHRBLER, —BUk, HOLUREEEGHRNITGER, RN, EXXE
BELRHTEHARMILT AR, EF&POME, FROBEAET0X, HEPUEHS, —
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Fig.3. Diagrammatic cross section of the Jinduicheng molybdenum ore body,

1-Quaternary;, 2-Biotitized spilitey 3-Granite porphyry; 4-Oxydation zone; 5-Economic orebody;
6~Uneconomic oredody.

R\YHAE, APEPHAAKAE LT BEY-AXK BREV-#HRA-AX
B HEP-BEV-A XK KBV -BH-FRA-F Xk A3 B-HE-HEy-EHy-
AEKRE, Wb, 7N RARENRO T ROKRBEEMBA MM, XK
WEERDARSEH .

LR AFEERARKEAEEREY, EER—-RBEAKEG; BRI HENT RBHER
1, R R ERAKREMSH BN, TXFEET AR RKHLT RS,
BT ARG EDMBAED &GHES, RRECMEB LR 4, R E KT,
TE ADEAYy Y HREGKRMBARKBER, RURVEBBEREN.

BETEF KRN EHIRE: (D ERERKFARSATRETBH, SERBEH
Hft, A EMHRREES () BEHVH A AR EFT kP 2R REEF (3) B IHF
BB Pai% oAy BN, MEAEL0.5—2 mm; 1) BHPEAXZHEILH
S (5) BHEPIAGHMBETH, BREBA/HEAEY k.

5 ABHT R YX A HTREN, BEVGNSREEN2HM2H+ 3R, X5R
AERAHVEMMEERE-SEERAEPRETE@E) P ENEHEYy SR E R RE, 55
BKrh 9 MEETHESEN 4.2—26 ppm, F1213.7 ppmy HA 2 MEEHTSREN
0.039—0.046 ppm ., HFEFT MR %14 ppm, SHHB0.026ppm. FPRERY HEH
REXEREEZH AT KEHF (&811ppm) MEEHHEY KEHRY (E8KT7ppm) UK
HHEY, XY, KEBREMNERVEENIEERAR KN —A R FER K.

AV ARAARRTE=F, MERKAETHE(GEEERN25%) . EHABRETAGETON,
REEMRAETA (LK ER.

PAVHTERBERY . BBV, REAFBEY, HHEY, SMENFET . RE,
BA. BBV, WAV HAEAE. MEKAE. BKLKA. #KAO. A58 (A=,
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Table 2. Formation sequence of minerals in
the Jinduicheng mclybdenum deposit
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¥*3 X EREET RS TREHRER S BN FHM
Takble 3. Liquid composition and ion ralios of fluid inclusions in quartz from the Jinduicheng
deposit

B %) B f jLi*|Na*] K* [Ca?|Mg? [NH |P- | Cl- |s03- |Na*/K*|Ca?*/Mg?*| CI-/B-| Cl-/SO}-

Jgo-8 Bg/10g | 0.0[1.60] 3.20 (0.0 | 0.0 | JEE |0.21] 0.53 | 9.60 0.50 — 2.52 0,06

J8-12 ug/iog | 0.0/9.07|10.67 [0.75 0.64 | 27.73/0.69] 2.13 {25.07 | 0.85 1.17 3.09 0.09

SHE: PELRNFR KMBARFERML. MisE

%4 EPEEXEGREARSHSAESm) B, OFFERTEE F 4 R & & LiY,
Table 4. Gas composition of fluid inclusions Na*, K*B’-J%EH:Ca“, Mg“i%, Bhﬁeppm.

in quartz from the Jinduicheng

deposit (in ppm) m—t‘ﬁ’ﬂﬂﬂﬁ&%ﬁ"‘#ﬁ% i ﬂo @ﬁ F-,

59 khmERAREFR—&. OV HAA

B 5) 00| H | N: | O | OL|CO| HO ok MBIGERAIL Y Y, TRk REEHHE
y80—s | 79.99/ 0,02 { 2.63 | — | — | — l1280.04 WD RSOL™, —HERE T 8 n #
iR, SEREA P S, SIT¥

J81—2 | 51,47/ 0.05 | 3.37 | — | — |—|1188.91 (LIRS0, B—HW, BIGERD % th h
(HRARHEE G ERRRRFANY. RE#RES g:ﬁ&ﬁsoz‘, BERRRY % T, H
SP-2305 5 fIa BHY F52) ZARFEEM, FUETEKPHEEIERE

H. BREREARELY. ORYHEEPLKEHE RS, HEFPREHCOMN;,

FE KRBT OHRERERARLER RN T RYBAE-RETAHE, %Sl
A+ 45— +5.4%, FEBN +4.8% . FEHT MR HRBEYy-BH-HAKA-AX4L4,
3G fE N +3.7—+5.6%, FBN+4.71%, 6% Suc [EH +3.8—+4.5%, FIhk+4.1%;
HE-EHY - RA-HA-AKEA,6%Sefll +4.6— +5.2%, FIH0 + 4.8%0,8"Sue
Hh +4.2—+4.5% , FEBH+4.3% . BFED M 6> Scollih+0.8%, "W, FHE
Wity sMSEBRE, HMMEESS, REANTHRMBIHAMNE S HHE%., RIEH.
OhmotofiR. O. Rye" &M, HGEKERRMEE (6%S:s=0.0%) T FHKAERKIEHEM
© ByOMSulEHHE T 4.0%. AP EKEPRRIERLEY W, LRRBKY . BEFALHIT2E
Ehitly, BRI, RVEEPHELOEEERKALS HEIH RS LD, XEK
a8y 27 B RMSIE (+4.8%), RETSERREEL T FHREMEMMSH, A
B, B RBRATRREARKE.

MEPEAZLANETRBSAAERD A AERD RN 3 M RARRNA.
RE BV, AEA O Osmow BT T + 8.4— +12.4%; H AR Osmow{ti Ay +5.5—
+11.4%, 3'°CropfHb —3.8——6.8%. BHIZHKA L (450T) 5AXFH KR *Oswowld
H+9.4%, FEFLHE U00—300C) 5AEERAN 0 OmowldH +2.6—+8.3%, B
1 (250—240C) 5HMBARTREREAII Omowlih—1.6—+4.8%.. XIEBRIE
BRI MA SRR (PO EN +5.5—+10.0%"), BLARMAIERREASER
BAW, METABMNUE SRAHREHREDE,
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M. 7 K KB & i

RITRAEEER S A RGER L, MR HRZEANRE, S4HEXRAEE. &
RORASHPIZR, 3RS EYT KORTIHEETLT 2T,

RFT A, R EERMMARMAHY K (XHRMKBRIMKREY K BT
HEBEBGEF OG-S KA ZE RS BN nEL RS L% SR B Rl
iz ], 2 FELRER KT AR ZEHRRH D, oMFiHH LEEAH TG H.
FES. wFHIL. BAREHY K, REDHAGRSILERTHED T, ZKAFRHT

FERER, BREEES
CREEMRET IV ES)
T sonm. LB
T EE CREES) ME. ‘%ﬁﬁfﬁiﬁfﬁ ;:s@;;&;
= - 7.
(_ﬁgﬁfﬁ\ &&E{t(_— 634GS=+0 8% <« Al
T (3%Cppr= —3.8— - 6.8 N _ o N
%ﬂ)‘ lﬁﬁﬁﬁ%ﬁ@“ﬂ: 3 Osmow = “1-6—'*'4.8%0 (L%Eﬁ
& HMX B
T 7K 3 0Osuow
- EAE, . K8%E BARKWE ¢ = 400—300C, = ~1.38—
= Ty, EHETE, B «— | 3%S= +3.75.6%,3%0smow = | «— | —12.16%,
. Y& 84—26ppm +2.0—+8.3% (2}
.3 P—— ;
Bahhd, SEEL. B ) ?ﬁmﬁﬁﬁ%ﬁﬁﬁ‘*
| —mun, BmEre «— | £=4500C ,34S = + 4.5—+5.4%,
3%0swow= +9.4%s
BRI SRItNKY, BiE
EHN. BH, 1=128Ma,
EE @E%%‘%) #&gﬂﬁ(_ zoapb/zotpb=18.129'207%/204% «— L%Eﬁﬁ%ﬂ?ﬁ—*ﬁﬁl&
Rfefs madl. RER{ =15.511,25Pb/294Pb = 38,049, AR
(%Sr/#S1), = 0.7095

t W U K IER 23, 4= 128Ma, 26pb /2 Ph =
17.637,297Pb/*"Pb = 15.428,2°%Pb /2°4Pb = 37,940
(¥781/%S1), = 0.7089

L3

SRERARER EER —> | BARCHER, WSIOKOR

- - RERERMERBERRENA
7

LR m, BEE

£ ]
ERAREAS — | TARBRSZRENLER ’*—ﬁfﬁﬁﬁ]%%%&ﬁﬁﬁ%

H ¢ SMRERET KRR HIERAE

Fig. 4 Metallogenetic model for the Jinduicheng porphyry molybdenum deposit,
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W, HEZFLMER. MR H-SEE. EROSERHTEK. HF KNI HRR, &
HEH, FTEEEXBRHMBREZRFGHEREL, JTEOHE-EREDIHET TR
WA R BRI ZHANHE R,

ERBOUX R ERRERER ETH%E, 823 ppm), EHEIHRERBERER
WREZENX R AREAE, HEREAGEBEAFETERRAR (WPEEH. &
HERELFER S REASVHERD RO, FFRRERMB EROHRAMLEL, HEXE
Si0,. KOMRIERATHE, HEMBSHTRATAEHMEER (&8 3—5ppm) 1, B
REFWNZRIEREE. B%ERE—FRICRE B SER S (H,0.F.CO.%) MM & & i
SRR, X7 HAARIBAMHK,SLO R R h MoS, I R B ik 12.5 % "2 f Sk Ve b i
. FEERHEREL, SEHEMEARKEERGSE, Ewml D. Ryabchikov(1981) 3%
ROV, BN R/ AR RBR A5 GXFEFAEABRRKY B, R h TR
ERREEROAUEFREIRAIMEAS SR TR, R BERERERARAREE.
LA, MTEGREDRBAKEDOER, EA5AREUNNT Rk, BERT
ARXEHSHAERN K. EHRRZREEHLIRS, HEAHL. 8@ FELMBEN
Bfb. RBEFAHTHREHS (ERRETY) MBEHREHEHN, EXENAX-
WLHH B, RYPSBLET MK o W/HBRETREME. WE-PELERTEEK
MBBEEAY . RRVFRADTHLEHREFRE., EHERRARLEHE—FRILEAKERR
ARERER, BTRNENKREIIE, WAL PER, REFEALHEULMBEHHET k.
ik, ETVROAERTERESESR. HEEAREEARER, BEAHKRERSR, BHF
R RAENEBRRT B EBRE. 2P RORTUHERMEBEUR. X9 EHIL-
BRIR B HBEE R i IR I DR

. & B

1. &L &N EERBEPHBREEE REXTRERME, WEPERYE-H
RIEFHBRBR, REREVROA A, HEHE -FIREVREHREERLEX,

2. BYMMEXAR. AAEHELRSE. HREFARMNBLHARYRNEZN, 40
ZREREMEEREREERERARRERCHT Y. TERIERUHETERHME
MEREEREREF KHAE,

3. L RENNERYERLETSR-K. $HEHBAKEKENE, Kpiph
BEAX-HLDNHBREH ERRTHIERR. ETHXRRBEDHBBRME DL, &
KRB (D) BLmEpit.

4. RESREHHREY, FBRIEBEND 100—-300T; SELEAMETFIHEH
AE&EELE. RBERREHEREY . BHY, SELEEKY, MTHRL; o
AT, 15/ 0, RS MBI IR S, R Mk ¥R REMoS UL R B M BB & .

5. . ERBRECEAERY, BEANRLERADE, HBPEREIERTHER
DUESRADEHBRARE, TRABRERUAKXSEADEGRAE. BNEEEREERE,
PRERABE.
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6. AP PR EY k- AR B 2B OH B 2 vh i IR B TR

AXFRBMEZREE, HRTEREL. EFXTIENRAE &ERELARBER
AMERRMEAR LRGP 8 RRGE BRI, AANSRAERBERE XM,
ERELFKB FEW BB LA KRB ER—HBLARR,

#

kit

B R % 9

1 &8BENEE ERER, SKEENRPKECHERSER BRI EX@X x20

2 SRBEKEE AHINEAX(QERBERDHERER, ERBE-MNERER HHT-8 EXEE x20
3 SBBENEAKUBLENASY HESRATERPIIVOMELERFER H4A)-13

4 BATIRSEEFNRET-GERNTRE-AXR BRSERAF1188RRRE

§ Ay ETIMERERT Mo REUXRER(QBRKSY XHJs2-5 %200
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ELFF. B, KEH, BEARE 1980 PEAMEERIARL (1:4007PEAMEEEMSBERED
R

WA 1959 RAEEFERAEIRBZRFER BEEER $3d 3

Roude, EXEB, BRE, IRA 194 HRABRMBRRE ) 7ENH. BRRARLXWERRT Y
FkE MEEE F58d H3

Mg, BAE, IXE, IFA 1984 AERPIRETFEKPRORKARNSERRRTURXEDE K
WH 3% B

KU, TXE, BRE, IXAX 1985 —RFHETRAE—AREARBRERIE &) FERR
BIERRTIS BAPER HoeE W
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GEOLOGICAL FEATURES AND ORIGIN OF THE JINDUICHENG

PORPHYRY MOLYBDENUM DEPOSIT,SHAANXI PROVINCE

Huang Dianhao, Wu Chengyu and Nie Fengjun

(Institute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing)

Abstract

Situated in the Yushaan faulted-upwarping area on the southern edge of
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Sino-Korean Paraplatform, the Jinduicheng porphyry molybdenum deposit is the
most important molybdenum mine being exploited on a large scale in China,
During the Yanshanian orogeny there occurred tectono-magmatism, and the Jin-
duicheng granite porphyry was emplaced in metaspilite series of the Proterozoic
Xionger Group, controlled by NW-trending fault. Its outcrop is 450 meters Jong
and 150 meters wide, trending 330° and dipping Jaterally in NW direction (Fig.1).
Mineral compositions are mainly quartz (25—40%), microcline and microperthite
(27—40%), and plagioclase (An 8—14, 14—32%), associated with minor biotite
and muscovite;phenoccryst is made up of K-feldspar, quartz and plagioclase.
Accessory minerals are of magmatite-apatite-zircon assemblage. The porphyry
is characterized petrochemically by an average SiO, of 73.83% and K,O+ Na,O
of 8.06% (with K,0/Na,O ratio being 1.82), belonging to silicon-high, potassi-
um-rich rock of calc-alkaline series.

Mineralization occurs in the porphyry body and biotitized and hornfelsized
spilite within the exocontact zone. The orebody consists chiefly of fine stockwork,
which shows elliptic form in plan and has a length to width ratio of about
four in cross section. The greatest depth of mineralization reaches 1000 meters
below the surface (Fig.3). According to assemblage of ore and gangue
minerals, veins in the ore deposit have been classified into five types; (1)
pyrite-quartz veins, (2) pyrite-K-feldspar-quartz veins, (3) pyrite-molybdenite-
quartz veins, (4) pyrite-molybdenite-K-feldspar~quartz veins and (5) muscovite
-fluorite-pyrite-molybdenite-quartz veins.

As the most important economic molybdenum mineral, molybdenite occurs
in impregnation, radioflake, thin film and veinlet forms in the veins, mainly
possesses polytypes of 2H and mixture of 2H-+3R, and has rhenium content
ranging from 4,2 to 26ppm.

Alterations of the wall rocks show grossly zonation of K-feldspathization-
greisenization—ssilicification—propylitization from the porphyry outwards; of
these alterationms, silicification is intense and hds close relationship with molyb-
denum minerallization.

Fluid inclusion studies yield homogeneous temperatures from 2507 to 240,
with the main ore-forming stage ranging from 400 to 300T. Gaseous inclusions
are frequently coexistent with multiphase inclusions containing such daughter
minerals as halite, sylvite, molybdenite and K-feldspar. Under the condition of
medium-high temperature, lower fo,, high fs, and weak acidity, the boiling of
ore-forming fluids makes up a prerequisite for the precipitation of molybdenite.

Isotope compositions of sulfur, oxygen and carbon suggest that the high
temperature stage (450C) mainly has magmatic water (3"%Osyow= +9.4%,
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034S=+4.5—+5.4%), and the main ore-forming stage (400—300%C, 8!*Ospyow=
+8.3—+2.0%, 6%S=+5.6—+3.7%) is characterized by mixture solution with
magmatic water as the major source. In contrast, the late stage is noted for
mixed solution dominated by meteoric water (250—240F, 0'*Osmow= +4.8—
—1.6%,). It is therefore conceivable that sulfur and molybdenum are mostly
derived from magmatic source.

In conclusion, the industrial-genetic type of the studied deposit belongs to
porphyry type medium-high temperature hydrothermal molybdenum deposit
whose metallogenetic model is outlined in Fig.4.
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