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Mineral chemistry and geological significance of clinopyroxenes from Middle
Devonian picrite on the southern margin of the Altay Mountain

CAI Jin-hong" 2, DU Yang-song' and LI Shun-ting'

(1. State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China;
2. Guilin Research Institute of Geology for Mineral Resources, Guilin 541004, China)

Abstract: Picrite in island arcs has been rarely reported. However, several thick layers of picrite, which were
rarely found in the world, were recognized in the Middle Devonian strata on the southern margin of the Altay
Mountain. This paper presents new data of electronic microprobe analyses on clinopyroxenes from the layers of
picrite and associated basalt in this area. It is shown that the clinopyroxenes from the picrite are exclusively
diopside, whereas those from the basalt are diopside and augite, suggesting a continuous variation in composi-
tion. The crystallization temperature, pressure and depth of clinopyroxene phenocrysts from the picrite and
basalt were calculated on the basis of the clinopyroxene-melt equilibrium principle. The temperature of mineral
crystallization in depth, which represents the condition of picritic magma chamber, is estimated to be in the
range of 1 350~1387C, and the corresponding pressure and depth are 16.6~21.3 kPa and 55~70 km, re-
spectively. In contrast, the depth of mineral crystallization in the shallow part, which represents the condition of
basaltic magma chamber, is in the range of 37~41 km, indicating that the basaltic magma might have been an
evolved magma formed by fractionation crystallization of primary magma under lower pressure. Moreover, the
mineral chemistry of the clinopyroxenes shows that the volcanic rocks in this area belong to subalkaline series and
were probably formed in an island arc setting.
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Fig. 1 Sketch geological map of the southern margin of Altay modified from No. 4 Geological Party Xinjiang Bureau of
Geology and Mineral Resources 20049
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1—slope-diluvium 2—3" Member of Lower Carboniferous Jiangbasitao Formation 3—2" Member of Lower Carboniferous Jiangbasitao Forma-

tion 4—Middle Devonian Beitashan Formation 5—Lower Devonian Tuoranggekuduke Formation

sandstone 8—conglomeratic sandstone 9—tuff

10—meta-acid tuff 11—andesite-basalt

12—basalt

6—carbon-bearing siltstone 7—tuffaceous

13— adamellite 14—granodiorite por-

phyry 15—gneissic granodiorite 16—diorite 17—diabase 18—gabbro 19—geological boundary 20—fault and its serial number 21—sampling site
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Table 1 Electron microprobe analyses of clinopyroxenes and crystal chemical coefficients and end-member components

XJ23-17 XJ23-17-3 XJ20-6-2 XJ23-14 XJ23-18
1 2 32 17 18 19 21 22 33 36 14 15 16
SiO, 51.69 50.38 51.19 51.19 49.93 51.57 52.38 50.73 50.25 50.99 50.65 50.73 49.43
TiO, 0.27 0.32 0.29 0.13 0.28 0.16 0.19 0.21 0.51 0.31 0.51 0.41 0.50
ALO; 2.26 3.21 3.00 1.47 3.12 1.61 1.76 3.19 4.08 3.24 2.47 2.44 3.13
Cry,04 0.86 0.55 0.91 0.66 0.74 0.74 0.69 0.81 0.42 0.26 0.03 0.01 0.00
Fe,O5 2.96 4.01 2.81 4.26 4.31 3.73 2.38 2.46 2.87 3.33 3.76 4.01 5.18
MgO 16.72 15.87 16.18 16.85 15.89 17.16 16.64 15.93 15.30 15.44 15.19 15.04 14.67
CaO 22.27 22.34 22.71 23.30 22.39 22.99 22.47 22.28 21.88 22.74 20.47 21.17 21.47
MnO 0.17 0.23 0.15 0.11 0.17 0.12 0.25 0.23 0.15 0.13 0.31 0.28 0.22
FeO 2.29 2.30 2.44 0.65 1.64 0.88 3.07 3.56 4.14 3.37 5.70 5.32 4.17
NiO 0.03 0.01 0.00 0.05 0.03 0.05 0.00 0.02 0.01 0.00 0.05 0.02 0.01
Na,O 0.26 0.23 0.20 0.13 0.23 0.15 0.22 0.00 0.20 0.24 0.36 0.31 0.32
K,O 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.03 0.00 0.00 0.00 0.01 0.01
Total 99.78 99.44 99.89 98.80 98.73 99.16 100.05 99.45 99.81 100.06 99.50 99.76 99.11
6
Si 1.900 1.866 1.882 1.900 1.861 1.904 1.922 1.879 1.858 1.880 1.891 1.890 1.855
Ti 0.008 0.009 0.008 0.004 0.008 0.004 0.005 0.006 0.014 0.009 0.014 0.012 0.014
Al 0.098 0.140 0.130 0.064 0.137 0.070 0.076 0.139 0.178 0.141 0.109 0.107 0.139
Cr 0.025 0.016 0.027 0.019 0.022 0.022 0.020 0.024 0.012 0.008 0.001 0.000 0.000
Fe! 0.082 0.112 0.078 0.119 0.121 0.104  0.066 0.069 0.080 0.092 0.106 0.112 0.146
Mg 0.916 0.876 0.887 0.932  0.883  0.944  0.910 0.880 0.843 0.848 0.846 0.835 0.820
Ca 0.877 0.886 0.895 0.927  0.894 0.909 0.883 0.884 0.867 0.898 0.819 0.845 0.863
Mn 0.005 0.007 0.005 0.004 0.005 0.004 0.008 0.007 0.005 0.004 0.010 0.009 0.007
Fe?* 0.071 0.071 0.075 0.020 0.051 0.027 0.094 0.110 0.128 0.104 0.178 0.166 0.131
Ni 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.001 0.000 0.000 0.002 0.001 0.000
Na 0.018 0.016 0.014 0.010 0.017 0.011 0.016 0.000 0.015 0.017 0.026 0.022 0.024
K 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000
Total 4 4 4 4 4 4 4 4 4 4 4 4 4
Wo 46.93 48.15 48.06 49.23  48.78 48.26 46.61 47.01 47.04 48.42 44.21 45.55 47.39
En 49.01 47.59 47.65 49.52  48.14 50.11 48.02 46.75 45.76 45.75 45.66 45.03 45.04
Fs 4.006 4.26 4.29 1.25 3.09 1.64 5.37 6.24 7.20 5.83 10.13 9.42 7.57
F 7.65 8.21 8.26 2.46 6.01 3.16 10.06  11.78 13.60 11.31 18.16  17.29 14.39
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Table 2 Variables in the model of equilibrium temperatures and pressures between clinopyroxenes
Jd('px DiHde* Naliq Alliq Caliq Siliq Mgoliq Feoliq Mg’liq leiq
XJ23-14 21 0.006 0.832 0.029 0.101 0.097 0.457 0.224 0.078 0.741 0.302
XJ23-14 33 0.015 0.777 0.029 0.101 0.097 0.457 0.224 0.078 0.741 0.302
XJ23-17 1 0.008 0.812 0.021 0.089 0.085 0.466 0.242 0.078 0.756 0.320
XJ23-14 36 0.017 0.833 0.029 0.101 0.097 0.457 0.224 0.078 0.741 0.302
XJ23-17-3 32 0.014 0.814 0.021 0.089 0.085 0.466 0.242 0.078 0.756 0.320
XJ23-17 2 0.017 0.814 0.021 0.089 0.085 0.466 0.242 0.078 0.756 0.320
XJ20-6-2 18 0.014 0.818 0.008 0.096 0.089 0.458 0.237 0.087 0.732 0.324
XJ23-18 15 0.012 0.803 0.037 0.180 0.037 0.504 0.074 0.078 0.488 0.151
XJ23-18 16 0.013 0.808 0.037 0.180 0.037 0.504 0.074 0.078 0.488 0.151
XJ23-18 14 0.014 0.776 0.037 0.180 0.037 0.504 0.074 0.078 0.488 0.151
3 —
Table 3 Equilibrium temperatures and pressures 4
between clinopyroxenes
T kPa km 2005
XJ23-14 21 1304 11.4 38
XJ23-14 33 1350 16.6 55
XJ23-17 1 1355 17 56
XJ23-14 36 1355 17.3 57 -1.0
XJ23-17-3 32 1379 20.4 67 I
XJ23-17 2 1387 21.3 70
XJ20-6-2 18 1401 24.9 82
XJ23-18 15 1077 11.3 37 WPA
XJ23-18 16 1079 11.7 39 VAB-OFB
XJ23-18 14 1086 12.3 41
1kPa==3.3 km
1 1304C 1 1401C
1350~1387C OFB+WPT
16.6~21.3 kPa 55~70 km
55~70 km
37~41 km .
4 F-F Nisbet  Pearce 1977
Fig. 4 F, versus F, diagram of clinopyroxene from
2 .
005 Nisbet and Pearce 1977
4.3 WPT— WPA— VAB—
Nisbet  Pearce 1977 OFB—
WPT—intraplate tholeiitic basalt WPA—intraplate alkali basalt
T102 MnO NazO Fl F2 VAB—volcanic arc basalt OFB—ocean floor basalt
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