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Mineralogy of clinopyroxene in Jianchuan picritic porphyrite of western
Yunnan Province and its geological significance

KOU Cai-hua, ZHANG Zhao-chong, LIAO Bao-li, LI Hong-bo and HOU Tong
(State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China)

Abstract: The Jianchuan picritic porphyrite consists predominantly of olivine, clinopyroxene and plagioclase. In
this paper, the authors determined chemical composition of clinopyroxene from the picritic porphyrite and picrit-
ic cumulate from Erlong and Manyuan areas in detail by electron microprobe analysis. The results show that
most clinopyroxenes in Jianchuan area are composed of augite, which contains relatively low TiO, (0.62% ~
2.84%), AlLO;(1.86% ~5.15% ) and Na,O(0.23% ~0.61% ). Compared with those in the matrix, clinopy-
xenes of phenocrysts from Erlong and Manyuan areas are enriched in more magnesium but have poorer iron. The
parental magma of the Jianchuan picritic porphyrite should belong to tholeiitic series, characterized by low alkali
content, high CaO content and very low oxygen fugacity. During the formation of the clinopyroxene, cationic
isomorphic substitution commonly occurs, and the main equations are Mg+ Si= Al' + AIY and Mg + Si= Al"
+Fe*", in which Ti and Na tend to be incorporated into the titanic augite. The crystallization temperature and
pressure of clinopyroxene in Jianchuan picritic porphyrite were estimated by the clinopyroxene-melt equilibrium.
The results show that the crystallization temperature (1 324 ~ 1 428°C) and pressure (1.5~2.9 GPa) of
clinopyroxenes in Erlong and Manyuan picritic porphyrite were predominantly lower than the crystallization tem-
perature (1 439~1 4627C ) and pressure (3.0~3.2 GPa) of clinopyroxenes in Manyuan picritic cumulate, and

the formation depth of clinopyroxene in Manyuan picritic cumulate might have been larger than that in Erlong
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and Manyuan picritic porphyrite. Generally, the formation temperature and pressure of the Jianchuan picritic
porphyrite were high, suggesting the derivation of materials from a relatively great depth. One possibility is that
the rocks were formed by partial melting of lithospheric mantle resulting from upwelling of asthenosphere along
the deep faults, whereas the other possibility is the involvement of mantle plume,i.e., the Permian Emeishan
mantle plume was reactivated, probably resulting in large-scale magmatic activities. The evidence is as follows:
the temperature of the clinopyroxene in Jianchuan picritic porphyrite is moderately higher than that of astheno-
sphere and the clinopyroxene in Lijiang picrite; the Mg both in bulk-rock and in clinopyroxene of Jianchuan pi-
critic porphyrite is close to that in Lijiang picrite, suggesting that Jianchuan picritic porphyrite might have
shared a common source region with the Lijiang picrite, or the characteristics of their sources were largely inher-
ited from the Permian plume.

Key words: Jianchuan picritic porphyrite; clinopyroxene; tholeiitic magma; isomorphic substitution; mantle plume
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Fig. 2 Characteristics of clinopyroxene phnocrysts crossed nicols
a— b— c—
d—
a—octagonal clinopyroxene of Jianchuan picritic porphyrite b—hexagonal clinopyroxene of Jianchuan picritic porphyrite c—crystal twin of clinopy-

roxene in Jianchuan picritic porphyrite d—long slabby clinopyroxene in Jianchuan picritic porphyrite
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Table 1 Bulk-rock chemical composition of Erlong and Manyuan picritic porphyrite and Manyuan picritic culmulate

ELO1  EL02 ELO5S  EL07  EL09 My-08 My-09 My-11 My-02 My-04 My-05 My-07-04 My-07-05 My-07-06
Si0, 44.90 44.62 45.28 44.77 45.17 47.93 47.42 46.32 50.51 47.37 43.08  44.81 44.73 44.61
TiO, 1.60  2.41 243 2,15 2.47 2,06 2.15 1.44 1.44 1.50 1.42 1.86 1.86 1.76
ALO; 7.48  9.82 10.33 9.32 10.15 12.72 12.52 9.44 2.81 2.86 4.68  7.32 7.32 7.02
Fe,05 4.20 3.8 3.65 4.05 4.13 3.64 3.08 3.14 7.83 591 532  4.85 5.50 5.01
FeO 9.18 9.46 9.27 9.34 8.86¢ 7.11 8.05 8.80 7.41 9.86 10.30  8.47 7.67 8.38
MnO 0.16 0.19 0.19 0.18 0.19 0.16 0.17 0.16 0.13 0.15 0.17  0.16 0.17 0.17
MgO 23.51 18.99 17.75 20.02 17.67 12.39 13.17 19.81 26.16 28.26 29.51  23.53 23.59 24.47
CaO 8.32 9.55 9.73 9.10 9.98 11.69 10.92 9.02 3.54 3.78 4.77  7.61 7.72 7.37
NayO 0.31 0.60 0.81 0.57 0.80 1.42 1.63 1.13 0.02 0.06 0.31 0.75 0.84 0.60
KO 0.17 0.29 0.33 0.29 0.34 0.63 0.65 0.56 0.14 0.22 0.29  0.45 0.44 0.43
P,0s 0.15 0.24 0.24 0.21 0.23 0.24 0.24 0.17 0.01 0.01 0.15  0.18 0.17 0.17
LOI 498 4.81 3.83 4.83 464 1.72 1.8 1.99 7.34 504 3.8  4.07 3.91 3.91
Total 99.66 99.72 99.73 99.71 99.74 99.74 99.78 99.69 99.56 99.56 99.64  99.68 99.68 99.66
Alk 0.48 0.8 1.14 0.86 1.14 2.05 2.28 1.69 0.16 0.28 0.60 1.20 1.28 1.03
Mg* 79.3 753 745 76.4 748 71.8 71.5 77.7 86.1 80.3 80.7  79.9 80.7 80.6
CaO ALO; 1.11  0.97 0.94 0.98 0.98 0.92 0.87 0.96 1.26 1.32 1.02 1.04 1.05 1.05
Mg® =100XMg Mg+ Fe’”



454 30
15 kV 10 nA 3 pm Na,O 0.41% ~1.53% 0.84%
<1.5% 1998 -
23 Na,O 0.82%
4 Mg® =100XMg Mg+ Fe*? 2005  TiO, 0.59% —2.85%
1.12% AlLO; 1.81% —5.48%
3.24% Cr,O; 0~1.46%
El-02  My-09 0.77%
Fs
22.4% 17.01% Morimoto 1988 5 MgO  TiO, ALO;  FeO
Ca- SiO,
Mg-Fe 4a Wo-En-Fs TiO, ALO;  FeO
4h SiO,
Mg* Mg* FeO
68.4 ~87.1 72.9 ~ TiO,
89.2 81.8~89.8 TiO, ALO;  SIO,
Mg® 72.1~87.0 MgO
2006 CaO
Mg*® 86.2~89.2 Mg*
72.9 ~85.4 Fet 5
F?' + Fel' 0.7~1.0
0.9 5.1
Ca Ca+Mg+Fe Fe=Mn+Fe" +Fe
0.5~0.8 0.7 Le Bas 1962 Leterrier et al.
1982 Sun and Bertrand 1991 Selyer and Bonatti
Na,O 0.23% ~ 1994 1996 SiO, - AlLO;
0.61% 6a
Na,O 12.68%
2.0
Ca-Mg-Fe a
1.5
o
Lor Ca-Na
05F
Na
00 0.0 0.|5 170 15 2.0
A—ZHEMBE O— s
4 Q-] Q=Ca+Mg+Fe*" J=2Na Morimoto 1988

Fig. 4 Diagram of Q— ] series for clinopyroxenes a and diagram of classification for clinopyroxenes b

after Morimoto et al .

1988



455

R 1) 1| A o o B R B SRR

1

TEFA

866 O8'IT 90°'IT €801 OP'CC 9L°6L SLOL Lv'6L 6V'6 LP6 886 86 IZ0l 96 88 686 86 CL'8 98 8yIl 60'8 Sd
I18°LE OS'vp  SCOF  08'vr LL'SY  LE'SP  Lv'SP 60°9F O08°Ly C8'CY 99°9F vv'Or TL'LP TL'Lv T1L1'8F OV'SP <L'St 98°9F CI'8F 16'vr 9C'Ly ud
19°Ty  OL°€r 6€°Cv LE'vP PB'IE  LL'EV LB'EP PvP'E€F IL'CP CTL'vP OP'Er 8S'€h 89'Ch €8'Er 1Tty IL'vw OE'vFr O 'bP 6Vt 19°¢r S9'vv oM
669 L'18 I'v8 S'v8 789 L'18 L'V v'P8 98 8'E8 C'C68 9C8 TI'L8 TP8 IS8 G'Z8 €78 9'%8 C'C8 €18 L'S8 45N
060 000 000 060 000 0660 66'0 0066 060G 0600 006G 00C 000G O00'C 00GC 000G 00C O00GC 00°C 000 600 b
€670 00 £0°0 w00 w00 00 we wWwoe dwo woe Wwoe dwoe veo WO Wo €6 Wo Wo WwWoe Wwo Wo EN
6L°0 180 6L°0 £8°0 90 180 80 €8'C <80 C8'CG T8OG ¢€8'0G 180 ¢80 ¢8OG 8O 80 ¥8'0G 880G €80 80 D
LT°0 12°6 000 126 600 S1'6 6c’6 vI'0 €16 616 LI'G 96 »I'0 LG 903G OL'GC 600 LOG 90°C TI'0 800 SN
16°0 16°0 060 000 10°6 060 66’6 006G 606G 0660 060G 006G 160G 116G 00°GC 060G 0600 00'C 060°'C 600 000 UA
1€°6 610 910 ST'6 76 61°0 St'6 91'¢6 SI'G LI'G SI'6 61°C €106 LTI'G 91°G 8L'G 6I'C 91CG 91'C 620 CSI'0 +od
800 £0°0 760 S6°0 16°0 16°0 S0 €'6 €60 106 €66 000 90 066 006G 000G 600G 006G 060C 00 0600 ol
060 S6°0 S6°0 760 000 S6°'0 €606 v0'6 1066 S6'6 €66 <66 006 S6'6 €6 S0 S6'6 S0 YOO €60 S60 Y
610 810 916 916 80°0 ST°6 91'¢  11'6 606G O6I'6C ¢vI'6 90 6060 LOOGC 900G OI'C 600 LOG 90°C OL'C 800 n\%
80°0 S6°0 700 700 S6°'0 700 ¥6'0 €060 <60 €66 €00 WO €606 WO Wo €606 €00 WO Wo €060 WO LT
081 81 781 781 61 981 781 68'T I6'T 066'T 981 v6'L 16T ¥6'I »6'Ll O06'T 161 €61 v6'T 16T T6'1 S
w0 16°0 16°0 w00 16°0 060 16°'¢6 0660 160 <¢B06 <2006 060606 80 006G 0600 1066 006G 000G ¥6'0 060G <00 o9l
Y 00 8¢°0 00 LT°0 €0 €6 1€'6 820 6E0 €06 LTO 1906 S0 820G 9¢0 620 8CG WEG 0E0  LTO O%®N
S6'6L LBOCT S9'61 88°0GC 9€'CIT  9S°0C TL'OT 68'0C 95°6C vSIT €S°0T 08'0C €¥'06C €6°0C <6'0C SC'IC OI'IC 80l 91'IC CI'IC 8CT'IC OB
vl 69°%L  IS°ST  CL'ST L8'CT 8ZT'ST  Ly'ST €6°ST #S°9L 98°ST #8'CL €6°ST 19T LI'9T ¥#L°9T 1S°ST S9°CT 66°ST ¥8°91 ¢€9°CT 6191 O8N
61°0 S1'6 4y €10 70 €10 96 €16 €6 116 <016 <¢UI6 SI'6 SI6 <TG 660 <I'6 16 661G vLO €10 OUN
060 €L°0 L6708 Lo 000 (AU 880 CI'6 LG T vO'T $2°0 S€E06 6,0 TIL°G 920 916 86 LSO CTI'60 601 Loe]
88°'1T  6L°9 SS9 0’9 0S¢l €£°9 9’9 T€9 LS eSS 98¢ 86°S II'9 6£°S 9T €6°S L6’S 0TS IS 869 I8P O°d
0C'v ST'S SL'y 9S ¥ 00°S 87 ¥ 6’y SE't 68T OBE'E I8'E €9°C 8E'CT 6S°C SI'C €vE LTE 99°C SET €6'C V¥8'C vV
$8'¢C EL'T LE'T W'l L9°T 4! ET 660 986 60 OI'T L8O ¥6'6 ILG 690 ¥0'T €6'C ¢€L0 080 +vI'lT L8'C QOLL
SL9Y  vE'8 8G'6F T1eer  SIIS  TT°0S  PL'6F LO'IS 6L'IS T6°IS 88'6F 0E'CS C9'IS LE'CS €L°CC IS'IS 6v'IS 07°¢C 1Tv'eS ¢€L'IS vT'S QoIS
(4 ! < ! € 4 ! (4 ! (4 ! (4 ! (4 ! (4 ! (4 ! (4 ! Lot
Sigct L0 2074 96014 01,014 6-L01d 717014 11-20-14 01-201d 2014 Ay
W Es W
akydaod onroid Suopry] ur suaxoafdourpd Jo symsaa eonieue VINdd T 2I9el,
Sy BULEHBE LR W I s T W R Y — T



456 30
3 wp %
Table 3 EPMA analytical results of clinopyroxene in Manyuan picritic porphyrite
My-09-10 My-11-3 My-11-5 My-08 My-09 My-11
1 2 1 2 1 2 1 1 2 3 1 2 3 4
Sio, 50.98 50.49 50.22  51.82 52.39 50.90 50.07 48.28 50.61 52.39 49.44 52.57 52.20 51.28
TiO, 0.76 0.79 0.90 0.67 0.62 0.59 1.15 2.84 0.95 0.74 1.29 0.77 0.77 1.01
ALO; 3.99 3.76 4.04 3.18 2.52 3.35 4.44 4.63 3.92 2.14 4.65 2.22 2.21 3.29
FeO 4.71 4.82 4.77 4.26 4.77 4.30 5.74 9.99 5.20 5.14 5.61 5.87 5.66 5.88
Cr,05 1.35 1.28 1.46 1.17 0.80 1.46 0.82 0.02 1.35 0.68 1.07 0.52 0.49 0.70
MnO 0.11 0.09 0.10 0.09 0.14 0.10 0.13 0.17 0.13 0.16 0.12 0.14 0.14 0.14
MgO 15.92  16.08 16.12 16.27 16.69 16.05 15.44 13.71 15.70 15.00 15.34 16.06 15.83 15.50
CaO 21.27 20.86 20.67 21.50 20.55 21.49 20.51 19.62 20.85 20.42 20.52 20.79 21.32 20.87
Na,O 0.31 0.25 0.32 0.31 0.25 0.37 0.32 0.30 0.28 0.29 0.32 0.31 0.24 0.27
K,O 0.02 0.00 0.01 0.06 0.01 0.00 0.01 0.01 0.01 0.01 0.03 0.00 0.01 0.01
Si .88 1.88 1.87 1.91 1.94 1.89 1.87 1.81 1.88 1.94 1.85 1.95 1.94 1.91
Ti 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.08 0.03 0.02 0.04 0.02 0.02 0.03
ALl 0.12 0.12 0.14 0.09 0.06 0.11 0.14 0.19 0.12 0.06 0.15 0.05 0.06 0.09
Al" 0.05 0.04 0.04 0.05 0.05 0.04 0.06 0.02 0.05 0.03 0.05 0.04 0.04 0.05
Fe** 0.01 0.01 0.02 0.00 0.00 0.03 0.01 0.03 0.00 0.00 0.02 0.00 0.00 0.00
Fe* 0.13 0.14 0.13 0.13 0.15 0.11 0.17 0.29 0.16 0.16 0.15 0.18 0.18 0.18
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00
Mg 0.14 0.13 0.16 0.09 0.06 0.14 0.15 0.22 0.13 0.06 0.18 0.05 0.06 0.09
Ca 0.84 0.83 0.82 0.85 0.82 0.85 0.82 0.79 0.83 0.81 0.82 0.83 0.85 0.83
Na 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg” 86.9 86.7 87.7 87.2 86.2 89.2 83.5 72.9 84.4 85.4 84.8 83.0 83.3 82.5
Wo 45.08 44.32  44.07 45.23 43.17 45.48 44.04 42.08 44.50 42.47 44.28 43.47 44.53 44.28
En 46.95 47.54 47.82 47.62 48.78 47.26 46.13 40.91 46.62 48.93 46.06 46.72 46.01 45.75
Fs 7.98 8.15 8. 11 7.15 8.05 7.27 9.84 17.01 8.88 8.6l 9.606 9.81 9.46 9.97
4 wp %
Table 4 EPMA analytical results of clinopyroxene in Manyuan picritic camulate
My-07-05-1 My-07-05-3 My-07-05-7 My-07-05-9 My-03 My-04 My-05
1 2 1 2 1 2 1 2 1 2 3 1 1 2
SiO, 51.23  50.56 51.88 51.52 51.05 51.62 50.94 51.95 52.11 48.12 51.43 50.36 50.73 53.09
TiO, 1.08 1.58 0.76 0.90 1.16 0.85 1.17 0.69 0.75 2.25 0.93 1.11 1.62 0.78
ALO; 2.93 2.94 1.91 1.97 3.06 2.37 3.49 1.88 1.86 5.48 3.19 3.42 3.57 1.88
FeO 5.31 6.72 4.81 4.75 4.71 4.70 5.38 4.67 4.87 6.27 4.75 4.90 6.14 4.93
Cr,05 0.99 0.91 0.84 0.88 1.27 1.08 0.97 0.83 0.84 0.41 1.10 1.32 1.72 0.85
MnO 0.11 0.18 0.13 0.12 0.09 0.10 0.13 0.10 0.14 0.14 0.10 0.11 0.12 0.12
MgO 16.26 15.40 17.65 16.64 16.09 17.03 15.53 16.92 17.50 14.92 16.01 15.65 15.40 17.13
CaO 20.71  20.33 0.53 21.08 20.94 20.61 20.87 20.71 20.15 20.29 21.13 20.95 20.77 20.46
Na,O 0.27 0.45 0.25 0.28 0.36 0.37 0.31 0.33 0.24 0.40 0.35 0.28 0.32 0.24
K,O 0.00 0.01 0.01 0.00 0.02 0.00 0.02 0.02 0.03 0.02 0.00 0.00 0.00 0.01
Si 1.90 1.88 1.92 1.92 1.90 1.91 1.90 1.93 1.93 1.80 1.90 1.89 1.88 1.95
Ti 0.03 0.04 0.02 0.03 0.03 0.02 0.03 0.02 0.02 0.06 0.03 0.03 0.05 0.02
A 0.10 0.12 0.08 0.08 0.11 0.09 0.10 0.07 0.07 0.20 0.10 0.11 0.12 0.05
A" 0.03 0.01 0.00 0.01 0.03 0.01 0.05 0.02 0.01 0.04 0.04 0.04 0.04 0.04
Felt 0.00 0.02 0.04 0.02 0.00 0.03 0.00 0.01 0.01 0.04 0.00 0.00 0.00 0.00
Fet 0.17 0.19 0.11 0.13 0.15 0.12 0.17 0.13 0.14 0.15 0.15 0.15 0.19 0.15
Mn 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.10 0.14 0.12 0.09 0.11 0.12 0.10 0.08 0.08 0.24 0.10 0.11 0.12 0.05
Ca 0.82 0.81 0.81 0.84 0.83 0.82 0.83 0.83 0.80 0.81 0.84 0.84 0.83 0.81
Na 0.02 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg”® 84.5 82.0 89.8 87.4 85.9 88.7 83.8 87.5 87.0 84.5 85.7 85.0 81.8 86.1
Wo 43.54  43.12 41.95 43.88 44.48 42.89 44.61 43.17 41.62 44.06 44.77 44.92 44.11 42.42
En 47.56  45.45 50.18 48.20 47.56 49.31 46.19 49.07 50.30 45.08 47.20 46.69 45.51 49.41
Fs 8.90 11.43 7.88 7.92 7.96 7.80 9.20 7.76 8.08 10.87 8.02 8.39 10.38 8.17




457

6.0

5.0

4.0

3.0

2.0

10
14.0

12.0

8.0

6.0

4.0

6b

3.0
w(ALO3)/ % W I3 o A w(TiO)/%
+ O EI&S
N a A MyBE& 723
A Eﬁn A MyEJR +
o 4 + My#& 720
- AA
A o ¢ O
& - His
i"l:_A A8
B +m Ad!-. +,
Ny .A " _— |10
as® " g = '1+ *
§ a tors 4t A os
L L L | 0.0
54.0
w(FeO)/% o w(Si0,)/% [
+
_ AR AA .
n + + T[520
i
)
» A i+A i‘
o, v A |
o m 50.0
R DAD
o u A o
+o03 w * 480
i - n
tAha™ my
+ kl- A -H'+ ++ [m]
, A ) ) 46.0
12.0 14.0 16.0 18.0 120 14.0 16.0 18.0
w(Mg0)/% w(Mg0)/%
5
Fig. 5 Correlation between major oxides and MgO in clinopyroxenes
Irvine and Baragar 1971
Literrier 1982 Ti— Ca+ Na 5.2
Campell 1974 Hode 1988
TIOZ Aleg, Na20
TIOZ A1203
Carmichael et al. 1974
Al-Si 7a Al Si
Al Si

Al IV
ALY Si



458

30

56 0.16 b
a A
O EIER
D21 A MyBEg:
. o WHLET & MyRSR
53F + My#ER
. ¥
= w008}
2 =
< RIEX AR
50 | a
+
0041 o oOg0o
g
TR T] A A
47 1 L ! 0.00 . L
0.0 20 4.0 6.0 8.0 0.7 08 0.9 1.0
Ww(ALO5)/% CatNa(BT¥)
6 SiO, - AlLOs a Ti- Ca+Na b Literrier 1982
Fig. 6 Plot of SiO, = ALO; of clinopyroxenes a and Ti— Ca+ Na diagrams b of clinopyroxenes
after Leterrier et al. 1982
0.3 0.08
ALETE) Fe¥* (B4
= 0.06
020
-1 0.04
0.10
-1 0.02
539 ' - ‘ it
| @ ¢ Na(BFH) |
0.04}1
-1 0.07
0.03F
~10.04
0.02}
0.01 . L L 0.01
1.0 1.5 2510 1.5 2.0 2.5
Si(BFH)
7 Al-Sia Fe"-Sib Ti-Sic Na-Si d

Fig. 7 Correlations of Al - Si a

FS"-Si b

Ti-Si ¢ and Na— Si

d in clinopyroxenes



3 459
Al" 5.3
Mg+ Si=Al" + 1
Al CaMgAI"AIY SiO, 1.72% ~7.32%
Al" Al 0~46% 26% Putirka
Fe'™-Si  7b Ti-Si 7c 2003 -
Fe' Ti S Al 5
ALY Si
Fe' i S -
Al S Table 5 Clinopyroxene-melt equilibrium temperatures and
1
34 pressures of clinopyroxene in Jianchuan picritic porphyrite
Fe Ti
T GPa D km
F&' T -0
. . EL02 1414 2.7 89
Ti Al Si ELOS 1389 2.4 79
Ca+ EL07 1428 2.9 96
_ ) My-09 1324 1.5 50
Mg=Na+ Mgo'leo'.S 4 My-11 1406 2.5 83
NaMg 5Ty, sS,Os Morimoto ez al. 1988 My-07-05 1439 3.0 99
2009 FSt My-07-06 1462 3.2 106
Mg+ Si=F&* + AV 1 GPa 33 km
CaFeS + AISIO(, NaMgQ 5 Ti()' 5
Si, Oy Ti Na Na
-si 7d Na  Si O 1439
N ~1462C 3.0—5.1 GPa 99~106 km
a
1324~1428C 1.5~2.9 GPa 50 ~96 k
FS*  Ca+Mg=Na+Fe* 4 o
3+ Q- CaO A1203 0 87 -~
Na Fe’ " Si,Oq
, 1.32 1.03
Si -
Si
" " , 43 km 2000
Al Al Si
AV S
Al Fe T
Ti** Si « " B
Si 2000
Al
SO, - MgO  ALO; -
MgO 5
Fe'  Fe' +Ft 0.7~1.0 B
0.9 Fe?*
Ti
IV . )
Al S Ti 1280 ~
Na Mg NaMgos  1350C  McKenzie and Bickle 1988
Tiy. 5510 A" 1350C 1.8 GPa
Na 2006 Mg*
Fe* Tit" Mg Mg*
Fed* Na Mg*
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SiO,
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Si
Mg+ Si=Al' + A
Si
AIW

Fe* TiTi Na
4 —

Mg+ Si=Fe'" + Al

1462C 3.2 GPa

1428TC 2.9 GPa
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