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olivine on the formation of the Panzhihua V-Ti magnetite deposit Sichuan Province. Acta Petrologica Sinica 27(12) :3675 -
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Abstract Mineral assemblages and associated textures in the low and middle part of the Panzhihua intrusion indicate that
plagioclase olivine and Fe-Ti oxides were crystallized at a similar temperature range. Thus it is possible to estimate variation of
temperature oxygen fugacity (f;,) and magma composition during the formation of the magnetite gabbro and gabbro in different cycles
of the Panzhihua layered intrusion by means of compositions of plagioclase and olivine. Electron microprobe data indicate that
plagioclase has small compositional variation ( Ans s, s) from the low zone to the middle zone. Whereas forsterite percentages of
olivine ( Fo) decrease significantly upwards from magnetite gabbro to gabbro within a single cycle unit. These features indicate that the
Panzhihua intrusion was developed by replenishment of many pulses of Fe-Ti enriched magmas. Small and regular composition
variations of plagioclase suggest that variations of f,, and Fe’* /Fe’* of the magma have little effect on crystallization of plagioclase.

Therefore compositions of plagioclase can be used to estimate temperature of crystallization of Fe-Ti oxides. In contrast large
variations of Fo of olivine within a cycle unit suggest that the compositions of olivine depend on values of Fe’* /Fe** and Fe’* /Mg of
the magma from which the olivine crystallized. Thus Fo of olivine was used to rebuild variation of f,, during the formation of the
magnetite gabbro and gabbro. Crystallizations of plagioclase of the lower and middle zones of the Panzhihua intrusion occurred between
1079°C and 1121°C  we estimate that Fe-Ti oxide probably crystallized at the same temperature range as well. On the other hand

decrease of Fo of olivine from magnetite gabbro to gabbro within a cycle unit indicate that f;,, decreased during fractional crystallization
of a new replenished magma. This conclusion is consistent with previous experimental studies about the f,, variations during fractional

crystallization process at a system closed to oxygen.

Key words Plagioclase; Olivine; Oxygen fugacity; Layered intrusion; Panzhihua Fe-Ti-V deposit; Emeishan large igneous
province
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1 (wi%)
Table 1  Major oxides of plagioclase from the Zhujiabaobao section of Panzhihua intrusion ( wt%)
SP05-3 SP05-9 SPO5-5 SPO5-8 SP05-22 SP05 ~26
(m) 11 100 138 155 215 335
«C ) (r ) (m )
() 5 5 5 5 5 4
Si0, 54.0~56.0 54.46 53.1~56.0 54.68 54.0~56.4 55.09 54.2~55.6 55.18 53.8~55.6 54.63 54.6~55.6 54.97
TiO, 0.02~0.06 0.04 0.05~0.12 0.11 0.02~0.12 0.06 0.10~0.11 0.10 0.04~0.14 0.08 0.09~0.12 0.10
AL, O; 28.4~29.4 28.92 27.2~28.7 28.03 27.0~29.2 28.20 28.1~28.6 28.35 27.8~28.8 28.17 28.3~28.6 28.45
FeO 0.24~0.27 0.26 0.25~0.32 0.27 0.20~0.31 0.24 0.17~0.27 0.22 0.21~0.36 0.29 0.24~0.28 0.26
MgO  0.00~0.03 0.01 0.01~0.05 0.03 0.01~0.05 0.02 0.00~0.02 0.01 0.01~0.04 0.03 0.00~0.02 0.01
CaO 11.2~12.9 12.25 10.2~12.5 11.33 11.1~12.4 11.83 11.4~11.8 11.60 11.3~11.6 11.44 11.5~11.9 11.77
Na,O  3.66~4.98 4.23 3.91~5.09 4.53 4.17~4.55 4.34 4.25~4.73 4.44 4.16~4.81 4.52 4.25~4.44 4.33
K;0  0.20~0.22 0.20 0.20~0.29 0.26 0.24~0.27 0.25 0.16~0.24 0.19 0.17~0.25 0.22 0.12~0.14 0.13
BaO 0.00~0.07 0.03 0.00~0.04 0.01 0.00~0.07 0.04 0.00~0.04 0.02 0.00~0.05 0.02 0.00~0.04 0.01
SrO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00
Total ~ 99.8 ~101.1 100.40 98.3 ~100.4 99.24 99.3 ~101.6 100.07 98.7 ~100.5 100.10 98.6 ~100.1 99.40 99.5 ~100.6 100.05
Si+ 2.43~2.50 2.45 2.43~2.53 2,48 2.46~2.54 2.48 2.47~2.50 2.48 2.45~2.50 2.48 2.47~2.49 2.48
Ti"* 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
AP 1.49~1.56 1.53 1.46~1.55 1.50 1.44~1.53 1.50 1.49~1.52 1.50 1.49~1.55 1.51 1.51~1.52 1.51
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg?* 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0. 00 0. 00 0.00 0.00
Ca?* 0.54~0.62 0.59 0.50~0.61 0.55 0.54~0.59 0.57 0.55~0.57 0.56 0.55~0.57 0.56 0.56~0.58 0.57
Na* 0.32~0.43 0.37 0.35~0.45 0.40 0.36~0.40 0.38 0.37~0.41 0.39 0.36~0.42 0.40 0.37~0.39 0.38
K* 0.01 0.01 0.01~0.02 0.02 0.01~0.02 0.01 0. 01 0.01 0.01 0.01 0.01 0.01
Ba®* 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0. 00 0. 00 0.00 0.00
Se?* 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0. 00 0. 00 0.00 0. 00 0. 00
An 55.4~66.1 61.6 52.8~63.7 58.0 57.9~61.8 60.1 57.3~60.4 59.1 56.5~60.2 58.3 59.4~60.6 60.0
T(C) 1121 1113 1107 1102 1101 1103
SP0528 SP05-32 SP05-34 SP05-36 SP05-40 SP05-42
(m) 400 505 585 635 735 805
«C ) (o) (m ) (m ) (m ) (V) (V)
() 5 5 5 5 5 5
Si0, 54.3 ~56.1 55.58 54.4~57.1 55.79 54.8~55.8 55.41 54.6~56.0 55.44 55.4~56.5 56.17 54.9~57.4 56.43
TiO, 0.08~0.13 0.10 0.06~0.13 0.11 0.03~0.11 0.07 0.09~0.13 0.10 0.03~0.13 0.08 0.07~0.16 O0.11
Al,O;  27.9~28.8 28.39 26.8~28.3 27.80 27.9~28.4 28.17 28.3~27.7 28.03 27.2~28.0 27.59 27.2~27.7 27.45
FeO 0.18~0.25 0.22 0.23~0.34 0.29 0.20~0.29 0.25 0.22~0.30 0.27 0.24~0.31 0.27 0.23~0.30 0.27
MgO 0.01 ~0.03 0.02 0.00~0.04 0.02 0.01~0.03 0.02 0.00~0.03 0.02 0.01~0.04 0.02 0.00~0.04 0.01
CaO 11.1~12.0 11.58 9.6~11.4 10.75 11.0~11.4 11.21 10.7~11.3 11.06 10.5~10.9 10.66 10.3 ~10.8 10.48
Na,O  4.36~4.86 4.59 4.43~5.65 4.95 4.29~5.08 4.74 4.62~5.04 4.81 4.84~5.33 508 5.10~536 5.23
K,0 0.15~0.26 0.20 0.21~0.33 0.26 0.19~0.27 0.22 0.21~0.24 0.23 0.24~0.28 0.25 0.25~0.29 0.27
BaO 0.00~0.05 0.02 0.01~0.05 0.03 0.00~0.07 0.02 0.00~0.07 0.03 0.00~0.04 0.01 0.00~0.09 0.03
SrO 0.00 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0.00
Total ~ 100 ~101.2 100.70 98.7 ~100.9 100.00 99.6 ~101 100.11 99.5~100.7 99.97 98.8 ~100.7 100.13 99.2 ~101.1 100. 28
Si* 2.45~2.51 2.49 2.48~2.56 2.51 2.48~2.51 2.49 2.48~2.52 2.50 2.52~2.53 2.52 2.50~2.55 2.53
Ti* 0. 00 0.00 0.00~0.01 0.00 0. 00 0. 00 0.00 0. 00 0.00 0.00 0.00~0.01 0.00
AP+ 1.47~1.53 1.50 1.46~1.50 1.48 1.48~1.51 1.49 1.47~1.51 1.49 1.45~1.47 1.46 1.43~1.48 1.45
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg** 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
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Ca?* 0.53~0.58 0.56 0.46~0.55 0.52 0.53~0.55 0.54 0.52~0.55 0.53 0.50~0.52 0.51 0.50~0.53 0.50
Na* 0.38~0.42 0.40 0.39~0.49 0.43 0.38~0.44 0.41 0.40~0.44 0.42 0.42~0.46 0.44 0.44~0.47 0.46
K* 0.01 ~0.02 0.01 0.01~0.02 0.02 0.01~0.02 0.01 0.01 0.01 0.01~0.02 0.01 0.01~0.02 0.02
Ba®* 0.00 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0.00 0.00 0.00
S2* 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0. 00 0.00 0.00 0. 00 0. 00
An 55.8~60.0 58.2 48.4~58.1 54.6 54.7~56.0 56.7 54.6~57.4 56.0 52.6~54.8 53.7 51.5~53.3 52.5
T(°C) 1101 1094 1098 1092 1084 1079
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Table 2 Major oxides of olivine from the Zhujiabaobao section of Panzhihua intrusion ( wt%)
SP0O5-3 SP05-9 SP0541 SP05-5
(m) 11 100 118 138
() 5 6 5 6
Si0, 36.2~36.7 36. 44 36.9~37.8 37.48 38.4~40.9 39. 06 35.7~37.2 36.55
TiO, 0.01 ~0.05 0.03 0.00 ~0. 04 0.02 0.03 ~0. 04 0.03 0.00 ~0. 04 0.01
Al, 04 0.00 ~0.01 0. 00 0.00 ~0.02 0.00 0.00 ~0. 02 0.01 0.00 ~0.01 0.00
Cr, 04 0.00 ~0.01 0. 00 0.00 ~0.02 0.01 0.00 ~0.01 0. 00 0.00 ~0.01 0.00
FeO 30.2~33.6 31.47 25.8 ~27.1 26. 69 18.0~22.3 20. 16 28.6 ~30.6 29. 84
NiO 0. 00 0. 00 0.00 ~0. 02 0.01 0.00 ~0. 03 0.01 0.00 ~0. 03 0.01
MnO 0.36 ~0.47 0.42 0.34 ~0.40 0.37 0.00 ~0.29 0.21 0.42 ~0.51 0.47
MgO 30.0~32.0 31.73 33.3~35.7 34.37 37.5~41.9 39. 87 32.0~33.8 32.33
CaO 0.02 ~0.03 0.02 0.00 ~0. 05 0.02 0.03 ~0. 05 0.03 0.01 ~0. 03 0.02
Na, O 0.00 ~0.02 0.01 0. 00 0.00 0.00 ~0.01 0. 00 0. 00 0.00
Total 99. 8 ~100.7 100. 12 97.8 ~99.7 98.97 98.0 ~100.9 99. 39 97.2 ~100. 2 99. 24
Si2* 0.98 ~1.00 0.99 1.00 ~1.01 1.01 1.00 ~1.03 1.01 0.99 ~1.00 1.00
Ti2* 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
AR~ 0.00 0. 00 0.00 0. 00 0.00 0. 00 0. 00 0. 00
crlt 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Fe?* 0.69 ~0.77 0.72 0.57 ~0.62 0. 60 0.39 ~0.48 0.44 0.64 ~0.70 0. 68
Ni2* 0.01 0. 00 0.00 0. 00 0.00 0. 00 0.00 0. 00
Mn?* 0.01 0.01 0.01 0.01 0.00 ~0.01 0. 00 0.01 0.01
Mg * 1.22~1.34 1.29 1.35~1.41 1.38 1.48 ~1. 60 1.54 1.30 ~1.35 1.31
Ca®* 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Na* 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Fo 61.4 ~66. 1 64.2 68.6 ~71. 1 69.7 75.5 ~80.5 77.9 65.2 ~67.8 65.9
SPO5-18 SPO5-22 SP05-26 SP05-28
(m) 155 215 335 400
( (1 ) (m ) (m )
() 6 4 5 5
Si0, 37.3~39.0 38.20 35.8~37.5 36.73 38.3~39.5 38.99 37.4~37.8 37.60
TiO, 0.02 ~0. 11 0.04 0.01 ~0.02 0.01 0.04 ~0. 18 0.09 0.00 ~0. 06 0.03
Al, O, 0.00 ~0.03 0.01 0.00 ~0.01 0.01 0.00 ~0.01 0. 00 0.00 ~0.02 0.01
Cr, 05 0.00 ~0. 04 0.01 0.00 ~0.01 0.00 0.00 ~0.01 0.01 0.00 ~0. 02 0.01
FeO 21.9~27.8 24.97 29.9 ~31.1 30. 68 20.4 ~23.0 21.36 27.3 ~31.5 29. 87
NiO 0.00 ~0.02 0.01 0.00 ~0.02 0.01 0.00 ~0.02 0.01 0.00 ~0. 03 0.01
MnO 0.32 ~0.45 0. 38 0.46 ~0.52 0.49 0.28 ~0. 34 0.31 0.44 ~0.50 0.47
MgO 34.0~38.1 35.90 31.1~33.0 31.88 37.2~39.5 38.72 29.6 ~33.5 31.53
CaO 0.02 ~0. 04 0.03 0.00 ~0. 03 0.01 0.01 ~0. 06 0.03 0.03 ~0. 05 0. 04
Na, O 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0.00 0.00
Total 95.8 ~100. 8 99. 56 98.9 ~100. 5 99. 83 99.0 ~100.2 99.52 99.2 ~100.3 99. 56
SiZ* 1.01 ~1.02 1.01 0.99 ~1.02 1. 00 1.01 ~1.02 1.01 1.01 ~1.03 1.02
Ti2* 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0.00 0. 00
AR 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
't 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
Fe?* 0.50 ~0. 62 0.55 0.67 ~0.72 0.70 0.44 ~0.51 0. 46 0.61 ~0.72 0. 68
Ni2* 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Mn?* 0.01 0.01 0. 01 0.01 0.01 0.01 0.01 0.01
Mg** 1.35 ~1.47 1.42 1.26 ~1.32 1.29 1.46 ~1.53 1.50 1.21 ~1.34 1.27
Ca®* 0.00 0. 00 0.00 0. 00 0.00 0. 00 0.00 0. 00
Na* 0.00 0. 00 0.00 0. 00 0.00 0. 00 0. 00 0. 00
Fo 68.5 ~74.6 71.9 64.3 ~66.2 64.9 74.2 ~77.6 76.4 62.6~68.6 65.3
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(d) - (e - i (f) - (ad f)
(e) . Ol- ; Cpx— ; Pl- ; Mi—

Fig.5 Mineral composition and textures in rocks of the Panzhihua intrusion
( a) -plagioclase and clinopyroxene-hosted titanomagnetite inclusions with euhedral to subhedral spinel morphology in magnetite gabbro; ( b) -magnetite
gabbro consisting of cumulus plagioclase olivine and clinopyroxene surrounded by interstitial Fe-Ti oxides plagioclase and olivine are fresh without
Fe-Ti oxide exsolution euhedral Fe-Ti oxide and plagioclase inclusions hosted in olivine; ( ¢) -medium-coarse grained gabbro with gabbro texture
euhedral Fe-Ti oxide inclusions hosted in clinopyroxene and plagioclase respectively; ( d) -medium-coarse grained gabbro with cumulus plagioclase
clinopyroxene and minor olivine and interstitial Fe-Ti oxide showing an gabbro texture; ( e) -monopolars picture of clinopyroxene with hillel
construction; ( f) -clinopyroxene with hillel construction. Fig. 5( a-d f) are observed under crossed polars; (e) is observed under monopolars. Ol-

olivine; Cpx-elinopyroxene; Pl-plagioclase; Mt-+Fe-Ti oxide
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