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et al. , 1996) . F H E B MM & W HE (Asimow,
1999) (B -0 kP 5 A 20 R B AL 0 B 45 R (L et
al. , 2003, 2007; Maier et al. , 2008) DA R KA FEHE
o 5 42 Hh b8 R BB (Cooper et al. , 2004)ZF5E R,
E—ENRE EOMERERNFT S TS
RSy, B “MELTS"HH A IR RI A K E Mo &
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W, b, SHEE B RBREUT 3 M &AH O
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B 5 b i FHRE i BE A 2 OB
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BE 3 R 4 7] RE ST HE R SE bR E R B R LA
FATiAH Chai and Naldrett (1992a) i+ 18 3|
& AEEEAEERSEAZEHK., &ERMMX
BER RS M E S (1. 5~4. Skbar) . %
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KEMEBTE, ot kBB AR P& H o5
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R A& E BT, B A RATR B &) a kB a Rl
3% .Si0, 48. 2%, TiO,1.00%, Al,0,11. 3%, Cr,
0;0.18%, 12. 9% FeO, Fe, O, 1. 30%, MnO
0.15%, Mg012.6%, Ca0 10.1%, Na,O 1.51%,
K,0 0.72%, NiO 0.04%0 (% 4. BT REABR =
MIEEEST YRS SRR RS T EE B
(MO, LR AT Ea L E2ME, 3
RO B TR T R B EE R, 5SHARE
{& 40 Jimberlana. Skaergaard. Bushveld. Bjerkrem-
Sogndal %y B4 md B, &) A E AR BER
B EEEA R (DD EAMBES, B CaOF &
AR ESEERME FeO S BB B L R

16K, 33 P RB PR R 8 RO TR 8 3K B B R B
AREHERPRAREEEEERE X5/
BRHGEERNAOREE (B3 OEH ERINE
AT B R B ES BRI B B B 45 R — B (BR
B 45 % ,2008) ,

5 &)IEERE R BEIERTTE

A A M AT P SRR B B TR A KA
Ak RS2 YA R AR, B, A KA
ZREEEAKMAN FERMNREREASRE &
S ARYT EAt R R HEEN., BT A
HEMAOEERYHETEEXRRASNEER NS
BOEEAMR 1000~1320°C fil 1 ~5kbar (Yang et
al. , 1998; De Waal et al. , 2004); T E NFHIE.
EHBESERMNERE K (996 ~ 1834°C i 1 ~
20kbar) CHj E 8 AL H,1990; R KAEFMEKER,
1994),

REAFAEEHS NG AR, BT
MELTS ##liHBERHARE N ZET EEERY
YRERIFEBRRKES. YEXBEEN/NT2.9
kbar B, AR EILE G YR A > B RHE
A-REKA . BEMTEAGHE S &), MMYEEK
BEF KT 4. Skbar B}, ERKEUME R BT YR &
FHEA-BAEA-AEKA A A RE (&S
OREERME SN EERKN EHFERFIEMETE,
24 E 1 7E 3. 0~3. Skbar Z[A I, 45 i AL EA
HEERER RN EESTE 3. 9~4.4
kbar 2 [a) B , &5 & RO A B9 & AR 4 2R AL ER AR /D
(B 5 b)), X #5524 F % W2 7 A F 3R 40 40 BT 30
EZHEA, B, ENEX T BEREITREEAELE
3.3~3. 8kbar ¥ & Jj &4 T (10. 9~12. 5km HH
HE (B 5 KEXE) . R, IR &EHEX
AN X ) 52 B, B A 89 Fo (E6 R R A2 84. 1
~85. 7, KR/ T #6993 br L 4 A2 46 (Fo=81
~86) , [B] i 1 18 Bl ADE A B 43 (Wo=11. 8~

£ 4 MELTSERTHBHEGCBERRSEWAHRE R
Table 4 Comparison between the compositions of the parental magma calculated by Chai and Naldrett (1992a)

and calculated using MELTS of this study

ﬂ%% SiOQ TiO, Alz O3 FeO Fe; 03 MnO MgO CaO Na; O K: O Crz 03 NiO
1 48.2 1.0 11.3 12.9 1.3 0.15 12.6 10.1 1.51 0.72 0.18 0. 04
2 50.8 1.0 12.5 11. 20 1.0 11.5 10.3 1. 30 0.80 0.04

.1 A4 KiEM MELTS &4+ B A8 B )4 R84 K42 7 Chai and Naldrett (19920) it BRI &N A KRB ERRS R PE ALY

HERTHEOD.
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Fig. 5

main rock-forming minerals with the calculated parental

The fractional crystallization sequences of the

magma of the Jinchuan using MELTS under different P-
T conditions, a; the fractional crystallization sequences
of the minerals of the are: ol, ¢px, pl when the pressure
of the magma chamber is less than 2. 9 kbar; b: the
sequences of the minerals of the fractional crystallization
are: ol, opx, cpx, pl when the pressure of the magma
chamber is between 2. 9~4. 4 kbar; c: the sequences of
the minerals of the fractional crystallization are: opx,
cpx, pl when the pressure of the magma chamber is more
than 4, 4 kbar. (According to fractional crystallization
sequences of the main rock-forming minerals and its
composition, it is reasonable that the pressure of the
deeper magma chamber is arranged from 3. 3 to 3. 8 kbar
(light-gray zone)).
melt— & MR Ol — M A Opx— R M
Cox—RfHE A Pl—RK A
melt—magma melt; Ol—olivine; Opx—orthopyroxene;

Cpx—clinopyroxene; Pl—plagioclase
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W& (Yang et al. , 1998) . & 0K FI4A K # 3k 1k
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BRAEERFBEE (Song et al., 2006), ZEHEIB A
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Fig. 6

sequences with the Jinchuan parental magma in the

The simulation calculation of crystallization

shallower magma chamber using MELTS (according to
the crystallization sequences of the main rock-forming
minerals and its composition, it is reasonable that the
pressure of the shallower magma chamber range from
2.3 to 2. 8 kbar (light-gray zone))
melt— & F B E Ol — B 1 ; Opx— R T A 5
Cox—HEER  Pl-RIK A
melt—magma melt; Ol—olivine; Opx—orthopyroxene;

Cpx——clinopyroxene; Pl—plagioclase
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~12.5km)BR i T4 S MM A LA R 2 4% &
FHEAR BRI ERBE S REBER
FE2H 1330~1295C, 4 X 8] 2 Fo=84.1~85.7;
R4 W 55 B B B 0 1205~ 1270°C , 143 X A
H:Wo0=3.71~4,.65,En=79,5~81.6,Fs=14.6
~15.8(H 4a.c,® 5), [N, &4 THEBIINHIL
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Parental Magma Compositions of the Jinchuan Intrusion, Gansu Province and
MELTS Thermodynamic Modelling of Fractional Crystallization

CHEN Liemeng"? ,SONG Xieyan” ,Danyushevsky L. V. ¥ ,XIAO Jiafei” ,ZHU Dan”,
ZHOU Guofu” , GUAN Jianxiang' ? , LIU Shirong” ,ZHENG Wengin”
1) State Key Laboratory of Ore Deposit Geochemistry , Institute of Geochemistry, Chinese Academy of Sciences ,
Guiyang, 550002; 2) Graduate University of Chinese Academy of Sciences, Beijing, 100049;
3) School o f Earth Sciences and ARC Center of Excellence in Ore Deposit, University of Tasmania , Australia

Abstract

The Jinchuan intrusion consists of pyroxene dunite, lherzolite, plagioclase lherzolite and olivine
pyroxenite and hosts the third largest magmatic Ni-Cu-(PGE) sulfide deposit in the world. Petrography
indicates that the crystallization sequence of the main rock-forming minerals of the Jinchuan intrusion was
olivine — orthopyroxene — clinopyroxene — plagioclase. Based on rock textures and compositions of the
dominant rock-forming minerals, the more precise composition of the parental magma of the Jinchuan
intrusion have been obtained by using the thermodynamic code "MELTS"; 48. 2% Si0O,, 1.00% TiO,, 11.
3% ALO,, 12.9% FeO, 1.30% Fe, 05, 12.6% MgO, 10.1% CaO, 1.51% Na, O, 0.72% K, 0, 0.04%
NiO. The thermodynamic simulation also indicated that the parental magma experienced two stages of
fractional crystallization. In the first stage, crystallization of about 5% olivine and 4% orthopyroxene as
well as sulfide liquid immiscibility occurred in a magma chamber at a depth of 10. 9~12. Skm (pressure is
3.3~3. 8kbar). Stratigraphic zones from the base to the top of the deep staging magma chamber were
formed due to gravity segregation, including olivine-orthopyroxene-sulfide-silicate liquid mush, olivine-
orthopyroxene-silicate liquid mush, silicate magma, The silicate magma was squeezed out firstly to form
some sulfide poor mafic intrusions or erupted to the surface elsewhere. The olivine-orthopyroxene-silicate
liquid mush was squeezed to the shallower magma chamber at a depth of about 7. 6~9. 2km and formed the
upper sequences of the Segment I and the upper pyroxene dunite in the Segment II of the Jinchuan
intrusion. The olivine-orthopyroxene-sulfide-silicate liquid mush lastly intruded into the shallow magma
chamber, where further crystallization of olivine, clinopyroxene, and plagioclase occurred and formed the
main rocks and sulfide ore badies of the Jinchuan intrusion. These results are consistent with the petrology
and petrography of the Jinchuan intrusion, and also are consistent with the results of recent studies on the

formation of the Ni-Cu sulfides.

Key words: Jinchuan intrusion; Parental magma; Fractional crystallization; Melt thermodynamic
model; MELTS



