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Fig. 1

Geological map of the Jinchuan intrusion

(After Tang and Li, 1995, Song et al. , 2005. Distribution of pyroxene dunite is according to the investigation of this study)
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fault; 4—lherzolite; 5—pyroxene dunite
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Fig. 2 The variations of the grain-size of olivine; the contents of olivine and clinopyroxene along the borehole

B

ZK71 in exploration line 24 of rock mass I (a, b) and the borehole ZK83 in exploration line 14 of rock mass II (¢, d)
(The cross section diagrams is modified after the Sixth Geological Team of the Geological Survey, Gansu, China, 1981)
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1—Oxidized zone; 2—medium-fine-grained lherzolite; 3—fine-grained pyroxene dunite; 4—medium-coarse-grained olivine pyroxenite;
5—medium-coarse-grained lherzolite; 6—medium- coarse-grained pyroxene dunite; 7—disseminated sulfide ore;

8—net-textured sulfide ore; 9—drill hole and its depth
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Table 1 Major oxide compositions (%) of olivine of the Jinchuan intrusion

BRS e bl i =%i'd SiO;, TiO, Al O3 FeO* MnO MgO CaO Na, O K, O Cr; Oy NiO Total Fo
I JC06-209 | & MERHS & 10 39.6 0.03 0.01 14.3 0.21 45.7 0.093 0.006 0.005 0.012 0.211 100. 1 85. 1
i JC06-214 | ZMHs & 10 39.3 0.02 0.02 14. 4 0.19 45.2 0.066 0.010 0.002 0.014 0.212 99. 4 84.9
2l JC06-220 | & AN & 10 39.5 0.03 0.03 14.3 0.20 45.6 0.091 0.005 0.003 0.018 0.219 100. 0 85.0
ﬁ JC06-222 | & MM & 11 39.5 0.03 0.04 14. 4 0.20 45.5 0.112 0.008 0.006 0.014 0.225 100. 1 84.9
. JC06-244 | & MERHS & 3 39.6 0.03 0.01 14.2 0.20 45.6 0.130 0.005 0. 000 0. 020 0.238 100. 0 85. 1
'.:% JC06-201 | MM 2 11 39.2 0.02 0.03 14.6 0. 20 45.0 0.088 0.006 0. 000 0.015 0.230 99. 4 84.6
# JC06-205 | —HEMME A 12 39.4 0.02 0.02 14. 4 0.20 45.1 0.147 0.005 0.007 0.017 0.217 99.6 84.8
oy JC06-207 | A A 10 39.4 0.03 0.02 14. 4 0.19 45.2 0.173 0.004 0.001 0.023 0.214 99.6 84.9
JC04-102 o MEROR 8 39.2 0.02 0.03 15. 6 0. 22 44,6 0.165 0. 006 0.006 0.021 0.222 100. 1 83.6

JC05-1 o RO 15 39.5 0.01 0.02 14.1 0.32 45.7 0.215 0.006 0.005 0.007 0.036 99.9 85.3

JC05-8 B RO 12 39.2 0.02 0.01 14.6 0.20 45.4 0.065 0.003 0.005 0. 004 0. 208 99.6 84.8

JCO05-11 B WE RO 10 39.6 0.02 0.01 14. 4 0.19 45.7 0.078 0. 004 0.005 0.016 0. 208 100. 3 85.0

JC04-73 VRN 5 39.2 0.01 0.02 16.8 0.23 43.6 0.195 0. 004 0. 004 0.027 0. 251 100. 3 82.2

JC04-77 | TREMIHE 9 39.1 0.01 0.02 17.5 0.24 42.8 0.274 0.003 0. 004 0.008 0.212 100. 1 81.3

JC04-81 TR A 11 38.9 0.01 0.02 16.9 0.23 43.2 0.123 0.005 0.005 0.012 0.224 99. 6 82.0

JC04-83 TORERORS 7 39.1 0.01 0.02 15.9 0.19 44.1 0.145 0.008 0.005 0.017 0.178 99. 6 83.2

11 JC04-91 TR A 8 39.0 0.01 0.02 14.7 0.21 45.3 0.082 0.002 0.005 0.016 0.225 99.5 84.6
=2 JC04-92 | ZHEMIHE A 6 39.0 0.01 0.02 15.3 0.21 44,4 0.036 0.005 0.005 0.015 0.217 99. 3 83.8
= JC04-99 TR 6 39.0 0.02 0.01 15.1 0.21 45.1 0.072 0.011 0. 000 0.026 0.212 99.7 84.2
& JCO4-111 | MRS % 11 39. 4 0.01 0.02 16. 1 0.22 44.0 0.130 0.009 0.001 0.014 0.237 100. 1 83.0
JC04-116 | —IEMH & 11 39.1 0.01 0.02 15.4 0. 20 44.2 0.133 0.008 0.003 0.011 0.274 99. 4 83.6
JC04-121 | —HEMME A 10 38.9 0.02 0.02 17.0 0.23 43.1 0.162 0.008 0.004 0.019 0.224 99.7 81.9
JC04-123 | MMM & 3 39.5 0.02 0.02 15.3 0.21 14,7 0.101 0. 020 0.002 0.023 0. 240 100. 1 83.9

JC05-3 TOWERON 9 38.7 0.01 0.03 17.9 0. 23 42.6 0. 140 0. 006 0.002 0.027 0.203 99.9 80.9

JC05-4 TR A 5 39.0 0.01 0.02 17.1 0.22 43.5 0.075 0.009 0.005 0.005 0. 207 100. 2 81.9

JC05-5 TR A 2 39.6 0.02 0.02 15.7 0.25 44.5 022 0.021 0.004 0.021 0.203 100. 4 83. 4

JC05-7 TOMERONS 19 39.5 0.02 0.03 14.8 0.20 45.2 . 089 0.006 0. 004 0.019 0.214 100. 1 84. 4

JC05-13 TR A 6 39.1 0.01 0.02 16.8 0.23 43.7 0. 052 0. 005 0.002 0.016 0. 209 100. 1 82.2

TE AR A 7 SR8 23 ol R R WESE 53 AE OR A I Tasmania K258 FeO g 228k,
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Table 2 Major oxide compositions (%) of orthopyroxene of the Jinchuan intrusion

PERIN FE =M Jg s SiO, TiO, Al O3 | FeO MnO MgO CaO Na, O K.O Cr2 0 NiO Total Wo En Fs
JC06-209 | & MEHHE 8 54.6 0.47 1.58 9.12 0. 20 31.2 1.98 0.042 | 0.001 | 0.461 0.06 99.7 3.76 82.3 13.8
[ sk JC06-222 | & MERIHG & 8 54.7 0.41 1.88 9.10 0.21 30. 8 2.30 0.046 | 0.003 | 0.552 0.07 100. 0 4.38 81.6 13.8
| JC06-201 | MR 7 54.5 0.38 1.54 9.22 0.21 30. 8 1.74 0.041 0.007 | 0.431 0.04 99.0 3.35 82.4 14.1
AR JC06-205 | — MEMIMG & 4 54.2 0.48 1.59 9.22 0. 20 30.7 1. 94 0.045 | 0.001 | 0.471 0.05 99.0 3.73 82.0 14.1
JC06-207 | — WEHHE A 4 54.0 0.49 1.76 9.17 0.20 30. 5 2.11 0.042 | 0.003 | 0.526 0.05 98.9 4,07 81.7 14.0
JC04-102 | & MERING & 13 54. 4 0.25 2.26 9.24 0. 20 30.5 2. 34 0.054 | 0.002 | 0.678 0.06 100. 0 4.48 81.2 14.1
JC04-122 | & WEMINGE & 10 54. 4 0.19 1.99 8.75 0. 20 29.3 4,13 0.080 | 0.004 | 0.741 0.05 99.9 7.99 78.4 13.4
JC05-8 | & MEMIMG 3 54.6 0.27 1.79 9.21 0.19 31.1 1. 90 0.026 | 0.006 | 0.574 0.05 99.7 3. 64 82.4 13.9
JCO5-11 | & MEHUHE 54.0 0.25 1. 86 9.10 0.20 30.7 2.14 0.052 | 0.002 | 0.577 0.06 99.0 4,09 81.9 13.8
JC04-73 | MM A 5 55. 4 0.13 1.25 11.0 0.25 30.9 1.02 0.025 | 0.001 | 0.274 0.03 100. 2 1.95 81.4 16. 6
JCO4-77 | ZHEHAE A 5 54.3 0.29 1.62 9.71 0. 20 30. 6 1.68 0.037 0.002 0.438 0.06 99.0 3.23 81.8 14. 8
JC04-81 | —REHIME 2 2 55.4 0.11 0.94 10. 6 0.28 30.6 1.25 0.028 | 0.002 | 0.206 0. 04 99.5 2.41 81.3 16.2
JC04-83 | HEMIHG &= 8 54.8 0.17 1.61 9.18 0. 20 30.7 2.03 0. 065 0. 005 0. 591 0. 05 99. 4 3.90 81.9 14.0
JC04-88 | —HEMIHE 11 53.8 0.37 2.33 9.47 0.19 30.0 2.20 0.062 | 0.003 | 0.624 0.05 99.0 4,27 80. 9 14.6
JC04-91 | MG HIME 2 9 53.9 0.33 2.12 9.28 0.19 30.5 2.29 0.042 | 0.001 | 0.638 0.07 99. 4 4. 40 81.3 14.1
JC04-92 | — WEMOHS 2 18 53.7 0.29 1. 90 9.82 0.21 29.9 2. 14 0.044 | 0.004 | 0.540 0.03 98.5 4,15 80. 6 15. 1
T 5451k JC04-99 | “AE MM A 9 54.6 0.31 1.71 9. 60 0.21 30.9 1.85 0.031 0.002 | 0.433 0.06 99.7 3.53 81.9 14.5
JC04-110 | MM A 21 54. 2 0.18 1.56 12.3 0.29 29.5 1. 14 0.084 | 0.003 | 0.248 0.04 99.5 2.22 78.7 18.8
JCO4-111 | — MEMMG 13 55.1 0.08 1.57 9.91 0.25 30. 8 1.33 0.037 | 0.029 | 0.386 0.04 99. 6 2.56 82.1 15.2
JCO04-116 | — MERIHG A 1 54.9 0.14 1.50 9.03 0.23 30. 5 2.32 0.050 | 0.002 | 0.577 0.07 99.3 4,46 81.5 13.8
JCO4-121 | —WERIHE & 13 54.1 0.32 2.06 10.2 0.22 29.9 2.12 0.042 | 0.003 537 0.06 99.5 4.09 80. 2 15.6
JC04-123 | —HEMIAG A 20 54.3 0.21 2.32 9.03 0.19 30. 3 2. 40 0.051 0.004 692 0.08 99.6 4.62 81.4 13.8
JCO4-124 | — MERIMG & 10 53.6 0.24 2.21 9.77 0. 20 29.7 2.43 0.043 | 0.004 | 0.624 0.06 98.9 4.71 80. 1 15.0
JC05-3 | MERIHG A 11 53.9 0.25 2.29 10. 4 0.21 29. 6 2.27 0.052 | 0.008 | 0.576 0.05 99.6 4.37 79.5 16.0
JCO5-4 | MEMING A 13 53.7 0.39 2.26 9.93 0.21 28.0 4,77 0.095 | 0.006 | 0.603 0.06 100.0 9.38 75.1 15.2
JCO5-5 | MMM A 10 54.6 0.26 2.23 9.56 0.23 30. 3 2.12 0.048 0.004 632 0.06 100. 0 4.08 81.1 14.7
JCO5-7 | M 1 57.4 0.01 0.19 12.0 0.50 25.4 1.91 0.112 | 0.010 | 0.006 0. 04 97.5 4,03 74.5 21.0
JCO5-13 | MEMOHS 2 9 53.8 0.42 2.25 10.3 0.22 29.8 2.23 0.052 | 0.003 | 0.552 0.06 99. 6 4. 30 79.8 15.7
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Table 3 Major oxide compositions (%) of clinopyroxene of the Jinchuan intrusion

PERIN FE =M Jig=s SiO, TiO, Al O3 | FeO* MnO MgO CaO Na, O K.O Cr2 0 NiO Total Wo En Fs
JC06-209 | & MEHHE 1 52.5 0.83 3.52 5.14 0.16 18.2 19.5 0.45 0. 004 1.08 0.06 101. 4 39.3 50. 8 8.29
[ sk JC06-214 | & MERIHG & 7 54.5 0.45 3.13 3. 86 0.11 20.9 15.1 0.69 0.058 0.45 0.03 99.3 31.1 59.9 6.43
| JC06-220 | RIS 2 5 51.7 0.83 3.12 4,79 0.16 17.7 20.5 0.36 0.002 1.08 0.02 100. 3 41.3 49.6 7.77
AR JC06-222 | & MERIMG & 6 52.8 0. 60 3.01 5.45 0.18 19.2 18.2 0.33 0.003 1.08 0.04 100. 8 36.6 53.5 8. 80
JC06-244 | & MERIHG A 11 55.7 0.22 2. 89 3.12 0.07 22.4 13.2 0.73 0.098 0.25 0.03 98. 6 27. 4 64.7 5.23
JC06-205 | — MMM A 1 51.8 0.69 3.23 4.53 0.17 17.0 21.3 0.47 0.007 1. 10 0. 04 100. 3 43.0 47.9 7.40
JC04-102 | & MEMIHE & 4 51.7 0.40 5.14 4,87 0.16 20. 2 14.2 1.27 0.035 0.76 0.05 98.7 29.3 57.9 8.06
JCO5-1 | & MMM 4 47.9 1.75 7.98 5.47 0.14 14.1 23.1 0.29 0.003 0.01 0.00 100. 7 48.5 41.3 9.13
JCO5-11 | & MERUHE 1 50. 3 0.59 6.83 4,09 0.13 20.7 12.1 1. 30 0.072 0.55 0.07 96.7 26. 1 61.8 7.06
JCO5-12 | & MMM 2 1 55.3 0. 04 1.57 4,28 0.14 24.5 10.9 0. 64 0.027 0.27 0.06 97.6 21.9 68.7 7.00
JC04-73 | T HEHAE A 16 52.3 0. 60 3.61 5.45 0.17 17.5 20.1 0.41 0.006 1.10 0.04 101.2 40.5 49.2 8.82
JC04-77 | —RERME 2 9 51.9 0.88 3.51 5.56 0. 20 17.7 19. 4 0.38 0.002 1.03 0.03 100. 5 39.4 50. 1 9.12
JC04-81 | Z MEHIHE % 4 52.7 0.33 2. 60 5.52 0. 20 17.9 20. 2 0.26 0. 004 0. 86 0. 04 100. 6 40. 4 49. 8 8.92
JCO4-83 | ZHEMHE & 15 52.1 0.69 3.75 5.16 0.17 17.4 20. 1 0.37 0. 004 1.17 0.03 101.0 40.9 49.3 8.45
JC04-88 | MG HIHE 2 6 51.6 0.81 3.70 5.17 0.16 17.5 19.9 0.38 0.005 1.15 0.02 100. 4 40.5 49.7 8. 46
JCO4-91 | WM 2 7 50. 6 0.54 3.26 5.45 0.19 18.2 19.4 0.35 0.002 1.14 0. 04 99.2 39. 1 50.9 8. 80
T 5451k JC04-92 | “AE MM A 4 51.8 0.44 3.57 5.19 0.17 17.8 19.7 0. 34 0.002 1.22 0.01 100. 2 40.0 50. 3 8.48
JCO04-110 | MM A 2 51.1 0.56 3.19 6.94 0.22 17.8 18.9 0.32 0.035 0.84 0.04 99.9 37.9 49.8 11.2
JC04-116 | — MEMIMG & 4 52.0 0.68 3.39 5.34 0.18 18.1 19.3 0.40 0. 004 1. 14 0.04 100. 6 39.0 50. 9 8. 66
JCO4-121 | — MERIHG & 7 52.7 0.33 2.98 5.77 0.18 18.7 18.6 0.35 0.002 1.11 0. 04 100. 8 37.3 52.2 9.29
JC04-122 | —MERINL & 7 52.6 0.86 2.77 5. 00 0.16 17.5 20. 3 0.33 0.006 0.59 0.02 100. 2 41.2 49.5 8.16
JC04-123 | MM A 2 54.9 0.17 2.31 4.24 0.18 20.2 16.6 0.27 0.046 0.66 0.03 99.7 34.1 57.8 7.12
JCO04-124 | — MERIMG & 8 51.8 0.52 3.55 5.59 0.17 17.6 19.6 0.35 0. 004 1.07 0.04 100. 2 39.9 49.7 9.13
JCO05-3 | R = 3 54.4 0.12 3. 80 5.37 0.13 21.6 11.5 0.97 0.042 0. 41 0. 06 98. 4 24.2 63.0 9.06
JCO5-4 | MEMING A 3 52.3 0.58 3.56 5.59 0.19 17.5 20. 1 0.34 0. 000 1.06 0.04 101.2 40.5 49.1 9.10
JCO5-5 | MMM A 11 52.6 0.51 3.41 5. 64 0.18 18.5 19. 2 0.36 0.002 1. 10 0.04 101.5 38.3 51.4 9.04
JCO5-7 | M 1 56.8 0.10 2.36 2.75 0.08 22.7 13.5 0.61 0.068 0.18 0. 04 99. 1 27.8 65.2 4.63
JCO5-13 | G HIHE 12 52.2 0.54 3.42 6.05 0. 20 18. 4 18.8 0.34 0.007 0.98 0. 04 100. 9 37.8 51.3 9.73
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Fig. 3 Selected microscope photos showing typical lithological textures of the Jinchuan intrusive rocks
Ca)—T1 55k MRS 2 OLL Opx Al Cpx [ AL 22 R R 5 (b)—T S AR RHE THEMTA A BUIR PL; (o — 1155 R RH ZEi S
Opx {32 Ol; (d)— 11 & i 1 i 1 KRB 1 OL RS s Ol 41 5 Opx— R I #E A7 s Cox— FURMIE A7 s PL—RHE 1 s Ma— KIS

(a)—Olivine grains are enclosed by orthopyroxene and both of them are surrounded by clinopyroxene in lherzolite of the rock mass II; (b)—

plagioclase and clinopyroxene are interstitial to cumulus olivine in plagioclase lherzolite of the rock mass I; (c¢)—olivine grains are enclosed

by orthopyroxene in plagioclase lherzolite of the rock mass II; (d)—pseudomorph of olivine in olivine marble are at the margin of the rock

mass 1I; Ol—olivine; Opx—orthopyroxene; Cpx—clinopyroxene; Pl-—plagioclase; Ma—marble

4 N B ST 1 R B

N B TR A A ) AL R s A
E’Jﬁ JEA e m R ALY P &R BRI R B
HEMEHIKR ., REFREN S LR G GHKA
KW E A IR H Ni/Cu /N F 58 S5
AR AR IR Fi# Ni/Cu — /N F 2.7
J& & i) Ni/Cu > 30) (Chai and Naldrett, 1992a),
fnim& KK Sudbury PR (Ni/Cu =1) (Pye et al. ,

1984) FIHT #5718 19 Noril” sk # K (Ni/Cu = 0.5~1)
(Genkin et al. , 1981), Kt . fEMIEAS AR AR
B RN PG K IR B A HEE L. 7
SEAIZESCIN (1995) LA Kot & BESE (1997 WE5E 0
BNE AR B E J0T BE y — Fh i s hr X s .
TS A3 /) Fo {H (81~86) (Li, et al. , 2004) FIfi
ey 48 o R il & &R (Ni/Cu fr F 0. 2~5.4 2
] P2 (E S 1. 86) T 3R WY 43 1 e A B 25 0 % R
Z R JFi A (Chai and Naldrett, 1992b), Chai and
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Fig. 4 Comparison of the composition of olivine, orthopyroxene and clinopyroxene of the Jinchuan intrusive rocks
between analyzed by electron microprobe and calculated using MELTS

() — ML 5045 B B AL TR A W B 5 T 24 5 00 (AR A1 45 . L Fo (B 7 84. 1~85. 7 Z M (R KB ML) ALRFB AR BRI T4
AV RS A 45 Fo 2l 81, 2~83. 9(WR KM Z0) B AF B M A5 R 5l FIRE T4 R — . (O 1ERFE KB AT T R
G5 & B B TE R Wos1 0—35.6 Enuz s—s0. 7 Fsia 617, QR GOHLZO BT 25 R 5 i TIREF BT 45 RA T 22 57 AT e 2 th TA %K
AR S T R R AR BT R B (o H AR A I B & T T2 A0 0 R M AT s HOR 0 AR AT B Wos i~ 6
Enzg s—s1.6Fsia 6-15 s RK ORI , BGERSRIMER 50 PR A4 R — 80, Bdihi b R4 sy 45 5 i w9 19 | 4 &
it 1 TS A RSO & 52— 1 S 2a R TOEIONE G 5 3 1T S0 MR S MR G 5 4— 11 S8 R TR

(a)—The thermodynamic simulations by using code “MELTS” indicates the parental magma experienced two stages of f[ractional
crystallization. In the first stage, crystallization of about 5% olivine occurred in a lower magma chamber, and the Fo content of the olivine
range from 84. 1 to 85. 7(deep-gray broad-brush dashed); in the second stage, crystallization of about 4% olivine occurred in a shallower
magma chamber, and the Fo content of the olivine range from 81. 4 to 83. 9 (light-gray broad-brush dashed); (b)—in the second stage,
crystallization of clinopyroxene occurred in a shallower magma chamber, and its composition is Wos1 ¢~35. 6 Enys. s—s4. 7 Fs13 617, 3 (light-gray
broad-brush dashed). The inconsistent results between analyzed by electron microprobe and calculated using MELTS may because the
magma experienced assimilation and contamination of the crustal carbonate-rich materials during it ascending to the shallower magma
chamber. (c¢)—in the first stage, crystallization of orthopyroxene occurred in the lower magma chamber, and its composition is Wo3 71 ~4. 65
Enzg. 5—s1.6Fs14. 6~15. s (deep-gray broad-brush dashed); the simulations consisted with the results analyzed by electron microprobe. The
numbers in the line of the figures represent the percentages of the fractional crystallization of minerals; 1—pyroxene dunite of segment I3 2—

lherzolite of the segment I; 3—pyroxene dunite of segment II; 4—lherzolite of the segment II

Naldrett (1992a) & #fs # Hi -9 M1 F 5 )5 3
(Roeder and Emslie, 1970) F1 j5 & - 47 J5 34 , 38 15 47
Pria ikt MgO % & FUH AL S ALY & Y R L
— IR B G EA A K OE S MgO11. 5% (i
REXREHK .

SR AASAR 48 R A7 0 4 25 SR Ak 0 1Y) i 3 JEE
SEREE R WA A — 8 MR 25 AT B B
DB 55 00 30 5 75 FEOME A A S0 A IR AR

SR, TR AR AR T 2 D SR ST B A L |
) MELTS #{4: (Ghiorso and Sack,1995; Asimow
and Ghiorso, 1998; Smith and Asimow, 2005) &
FATAR IS A AR T W A R0 B RDRE A7 18 40 E BT 5t
FE A 1A AR R RO A S TR R B S Bk
MELTS A A3 5 500 ~2000°C, 0~2Gbar fl
Z R AR IR L SR AE TR A T 4 RN O3 B Al
P O 2 ) 0L P 78 AR UL 1 82 358 4 45 il (Farnetani
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et al. » 1996) . ¥ H 4 R 1 HUAE &  H (Asimow ,
1999) HePE- 18 L Pk 5 1 8 9 AL 20 B9 45 dn (L et
al. » 2003, 2007; Maier et al. , 2008) LI M R VH VETE
WP B AL R (Cooper et al. , 2000) ZEAF5E .
FE— € B I BE ) RVAEGR B A5 R L 4 — A BE
H gy @t MELTS” 15 0] LIS 2125 25 & o B
W 04 B4 DA R &5 G A i S . )
S AN [A A BES IE R A BT T BB B B T ) A
[ R SR SR 25 R 2 LT 3 A4 Fet: O
W45 ST 5 24 A 25 AR B 52 2 M R @O 0 9
B35 S B B R 23 B 00 B8 AR — EG O R
TR RN % 5 AH G S A W) A AT 45 0 1Y
BE IR R 53 PT BE T N 422 305 S B 0 A B A R R4
FA TN~ Chai and Naldrett (1992a) i1 845 2|
(42 )1 AR BE A R oy AR BB Y . e R %
BEA 57 - AE— W J) (1. 5~4. Skbar) | 5%
(AQFM = — 1~ +3) & F, M 1500°C 3|
1000°C , iz ] MELTS #AT B0 1158, 115 45 R 3R W)
W) 45 ST 55 55 bR ) 25 A 22 AN — B0, E
YO SR TS R WA R R E R . Bl
Jo G AN W B S K h & R A B L S
RERIUTHE 20 0 AR 5 3 b & 21 43 2 4k X &
FEALZE AR S ARG ORI Bk 3 A4S
PR 25 F Tl L B 2 FRATTAS B 4 1 5 IR B 25 3R
H:Si0, 48. 2%, TiO,1.00%., Al,O;11.3%., Cr,
0,0.18%, 12. 9% FeO, Fe, O, 1. 30%, MnO
0.15%, Mg012.6%, CaO 10.1%, Na,O 1.51%,
K,00.72%, NiO 0. 04 % (£ 4), BRI EHEH =
it 5 B3 A0 W A R A B A — 3K
(4D, U H RO A7 F0 R 5 W A JL-F- 58 4 Al TA] B
ROV A1 L AT 43 BT B3 AR AR B A K, 5 A A
&40 Jimberlana, Skaergaard., Bushveld. Bjerkrem-
Sogndal 4§73 85 45 ik FEAH L. 4 )15 1R B R A1
B35 H 1) 35 A 3 51 (DD I AR I B, B CaO & &
FO AL 38 B 4 SR 0 FeO 7 A 40LTT 55 45 R

o O AR » 3 AT BE A O e I RSB o 0 B AR 1) R
R REPIRE R E S EE S XS e
ERNGATERN A RIS (K3 O e BRI &
AT SR AN B T A TR Ak TR At Y L 45 SR — B (R
B4 %5 ,2008)

5 AN A R B AR

e A AR 2 R ) A RO A R BBk T B SR
R Ah o 34 52 45 fb W) BRAL S SR A 29 T TR e R Y
45 it T BE TR T 250 X I A DA A R A A L A
S SUE U R e MO B SR R RO A
rh 22 AR A0 22 A Y R P T 06 R R W )1 a AR Y L
RS 2 1000~ 1320°C #1 1~ 5kbar (Yang et
al. , 1998; De Waal et al. , 2004); i B N2 # 5 .
JEIH 45 R 22 % T OR (996 ~ 1884°C Al 1 ~
20kbar) CHj [ @ FAE S5 7 . 19905 4R IRAE FUR 215
1994)

HEHE FI A I 8 J5 0 4 )1 B A O 4y, i
MELTS B3 R R E ) 540~ = E ST
YHEs mIF AR KR E R . e EEJI/NT2.9
kbar i, 5 3% T8 A 25 b 19890 0 < BEOWE A0 — SR
A RHC AT A R WA S B S ) T R
B s )R T 4. Skbar I, & SR E AL LS F 00 W) 0 - )
Ti A0 — BRI A7 — R A B BIONE £ R (8 S
©) 5 X L 2 JUER 5 4 )11 MR Y AR SRR AR T )
1M 24 5 3 7 3. 0~3. Skbar Z[A] I, 25 i th #4057 1% £1
4 5 i S R B A EAR N T 2 e I AE 3. 9~4. 4
kbar 2Z [A] I, 45 i (9 AORE A1 19 2 70 53 722 AR AR AR /D
(5 b) o 3X 5 A0 2 W58 A R 51 43 B B0
ZEREE R o BRI 4 1] 0 00 6 45 & B ] RE R A A
3.3~3. 8kbar By & J1 &4 F (10. 9~12. 5km ¥
w5 IRE XD . SR Qn R 45 R T AR X
AN DX T) 58 B U BN A3 1Y) Fo K R FRTE 84. 1
~85. 7 KRN T B A1 19 52 b jl 73 22 4K (Fo = 81
~86) . [F] I T+ 5545 2 FA RO A7 (9 4y (Wo=11. 8~

® 4 MELTS BB HBIHEHBERRSEMARRLERIIL

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

and calculated using MELTS of this study

Bl SiO; TiO; Al, O FeO Fe, O; MnO MgO CaO Na, O K, 0O Cry O3 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

W1 ARWGE ] MELTS #3515 3 4 )1 S K 815 3 1843 52 J9 Chai and Naldrett (1992a) 35015 5] 4 )1 5 K B1 25 3 0 00 s b & A 4L W)

RERE D,
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E— . . . 2008) F 42 Il # K 3 COL+ Opx)-Cpx-P1 A [ W 5¢ 45
13401 melt; B, 2007) 40— Bt 5 4 1] 2 TR B Ik
Y e F 55 75 51 e 3 54 4 B3 TR B2 S 6. 9~ 9. Blem 1 25 LA
1300~ “(-)-'I'erelté Opx+mielt""" W4 (Yang et al. o 1998), {5 7T 2 141 % Ho Bk 1k
T - : SEREAE AL IR 5 4 1| 5 A 1 5 3 0 B8 405 it RN Ak 0 0
51260} ; B R AEAE R (Song et al. , 2006) , 76 B 4
= | Cpxtmelt 062 B A 0 s 5 RO 5 5 T 6 2 A R e R
1220 . WREE, 2005) . BT B 5 K EBE
L Pl+mielt 196 A 5 52 PR T RRAE .
. g . ! ! VR (km)
e B H(kbar) ? 13207 7 § 7
B 5 ORI - TR ) 4 F 38 Fl MELTS #0357 i 4 I melt
DU 0 e W) 4 B 5 SUR 2 K B JE 1N T 1280 |-
2. Okbar i . 25 B 1 5 1 90 43 B9 45 5 0 JLFE g« BOME -k ///
BRI R b X R ) 4E 2. 9~ 4. dkbar B, & & Ol+melt
S YA 85 45 S 0 WU < B R P L %1240 -
W AHETT sa KB JE K T 4. dkbar i, 32 7 4 5 ’ i
W53 B 4 B DO U 4 < A W AT B AV A T . O D Cpx+melt
32 B T B LA TR B R AR 3.3 I
~3. 8kbar 2 [ (K {4 [X 1)) Pl+melt
Fig. 5 The fractional crystallization sequences of the 11601 1_|5 2| 2|_5 3| 35
main rock-forming minerals with the calculated parental F J3(kbar)
magma of the Jinchuan using MELTS under different P- Bl 6 IR B4 1| U A B g R B 2 R R

T conditions, a: the fractional crystallization sequences
of the minerals of the are: ol, cpx, 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—5 S 1A Ol— M A7 s Opx—RL 7 18 A1 5
Cpox—H A PR A
melt—magma melt; Ol—olivine; Opx—orthopyroxene;

Cpx——clinopyroxene; Pl-—plagioclase

16.8,En=65.4~70.2,Fs=17. 4~17. 8) 55 59"
PR (3 1,38 2,38 3) 22k, R, FRATT 46 )
IAFAE—DREBE K B o BT 545 2R A 3K 5
M Sk 2. 3~2. 8kbar, RIEE K 7. 6~9. 2km, &
FALTRFR 2K s 25 bt ORS00 B RO A7 (I 6)

P BB A WS ST B L g s B K R A
2.3~ 2.8kbar Z|&] CJK 8, X 1))
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— 5 FIER; Ol A s Opx— R WA 5
Cpx—HipHiE A1 s Pl—RHC A
melt—magma melt; Ol—olivine; Opx—orthopyroxene;

Cpx—clinopyroxene; Pl—plagioclase

R AL T AR 2 B A 1 A B I B R
A TETRBEAS TR 1 A 5 3K By o FE TR A JK B (10,9
~12. 5kmD 21 T 249 5 % BRI A1 LA e 29 4 %6 1) 4
T3 WA 1 43 S 45 b RO A1 TR AR K B 4 A TR BE S
Bl 1330~1295°C , {43 X 8] ) Fo=84. 1~85. 7;
AT WA 45 TR BE 5 [ Ry 1295 ~1270°C , Ji 43 X 1]
H1:Wo=3.71~4.65,En=79. 5~81.6,Fs=14. 6
~15. 8([ 4a.c, {5, [HMF, &4E T E 58 Z itk
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Parental Magma Compositions of the Jinchuan Intrusion, Gansu Province and
MELTS Thermodynamic Modelling of Fractional Crystallization
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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% SiO,, 1.00% TiO,, 11.
3% ALO,, 12.9% FeO, 1.30% Fe,O;, 12.6% MgO, 10.1% CaO, 1.51% Na,O, 0.72% K,O, 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. 5km (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 bodies 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





