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Abstract There are four types of pyroxenes in the Cenozoic alkali basalt at Changle, Shandong Province: phenocryst
clinopyroxenes, metrix clinopyroxenes, clinopyroxene megacrysts and homologous orthopyroxene xenocrysts. The coronas, between the
clinopyroxene megacrysts and alkali basalt, could be divided into complex coronas and simple coronas. The complex coronas appeared
in the outside of larger clinopyroxene megacrysts and could be divided into four zones based on their characteristics of textures and
components. The zones of interior, transitional and exterior are composed of clinopyroxenes with different textures and a few melts and
metal oxides. The edge zone is composed of clean clinopyroxene without melt and metal oxide. The clinopyroxenes at the coronas
display comb texture in the interior zone, sieve texture in the transitional zone and both similar sector-zoned and sieve texture in the
exterior. The compositions of the clinopyroxenes, melts and metal oxides at the coronas are controled by the clinopyroxene megacrysts
only in the interior zone, and by basaltic magma in other zones. The simple coronas appeare in the outside of samller clinopyroxene
megacrysts and are composed of whole clinopyroxene without melt and metal oxide. The coronas of clinopyroxene megacrysts are
resulted from the temperature difference between clinopyroxene megacrysts and basaltic magma. If the grain of clinopyroxene megacryst
is larger, the time taken to adjust the difference of temperature is longer, then the complex coronas with four zones will form; if the
grain is smaller, the simple coronas with edge zone will form as a result. The compositions of homologous orthopyroxene xenocrysts are
within the range of compositions of the orthopyroxenes in the lherzolite xenoliths. The clinopyroxene rim or reaction rim surrounding the
orthopyroxene xenocrysts are the results of the compositional differnece between orthopyroxene and basaltic magma, similar to the
reaction rim texture described by Bowen (1956). All clinopyroxene megacrysts, clinopyroxenes in the lherzolite xenoliths and part of
‘granulites and the inclusions in basalts” field of Aoki and Shiba (1973) in
the Al"-Al"" diagram, suggesting a relatively high-pressure crystallization. It suggests that part of the core of clinopyroxene phenocrysts

‘

the core of clinopyroxene phenocrysts are located in the

come from mantle lherzolite, and they belong to xenocrysts. Clinopyroxenes in the coronas, metrix clinopyroxenes and a majority of
clinopyroxene phenocrysts are plotted in the “igneous rocks” field. Based on the estimated crystallization pressure for clinopyroxene
megacrysts and clinopyroxenes in the lherzolite xenoliths, we suggest a formation mechanism for the clinopyroxene megacrysts as
following: first, the asthenosphere-derived alkali basaltic melts invaded into the lithospheric mantle near the lithosphere asthenosphere
boundary and produced clinopyroxene megacrysts, then the melts with a great lot of clinopyroxene megacrysts mixed with the existing
magmatic system from mantle lithosphere entraining an abundance of the xenocrysts of clinopyroxenes and orthopyroxenes and lherzolite
xenoliths. The mixed alkali basaltic magmas with clinopyroxene megacrysts, xenocrysts and xenoliths ascended from the crustal magma
chambers, and erupted at the surface.
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Fig. 1

Textures of the clinopyroxene megacrysts and their reaction coronas with the host basalt in Changle alkali basalt

a-Photomicrograph of clinopyroxene megacryst in alkali basalt; b-Back scattered electron image ( COMP) of the complex coronas of the clinopyroxene

megacryst, enlarged port of the white box in a; c-Back scattered electron image of the simple coronas of the clinopyroxene megacryst
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Table 1  The compositions of the clinopyroxene megacrysts, clinopyroxenes in complex reaction coronas and the clinopyroxenes in the
host basalt (wt% )

M A E (mm) SO, TiO, Al 04 FeO" MnO MgO Ca0 Na, O K,0 a8y AlY AIV!
0. 164 46. 54 1.83 10. 11 7.82 0. 00 13. 41 17.72 2.09 0.00 99. 52 0.267  0.176
1. 000 46.37 1. 65 9.98 8.20 0.02 12.87 18.05 1.99 0.01 99. 14 0.262  0.178
1.774 46.72 1.65 9.98 8.20 0.02 12.87 18.05 1.99 0.01 99. 49 0.257  0.182
E 2589 46. 35 1.70 10.17 8.13 0.00 12.91 18.26 2.16 0.00 99. 67 0.271  0.176
o 3.392 46.47 1.70 10. 08 8. 10 0.05 13.25 18. 06 2.11 0. 00 99. 83 0.270  0.172
“‘H 4.209 46.23 1.75 10. 09 8.35 0. 00 12.78 17.94 2.12 0.00 99. 26 0.268  0.177
£ 5014 46.33 1.73 10. 06 8.03 0.05 13.34 18.20 2.18 0.01 99.94 0.276  0.165
W 5805 46. 57 1. 80 10.32 8.01 0. 07 13.15 18. 04 1.85 0.00 99. 81 0.269  0.182
6. 600 46. 66 1.79 9.97 8.03 0. 00 12. 94 18. 02 2.16 0. 00 99. 57 0.260  0.177
7.435 46.52 1.76 10. 26 8.25 0.00 12.83 18.28 2.07 0.03 100.00  0.270  0.179
7. 620 46. 58 1.76 10. 21 8.07 0.00 12.87 18.15 2.06 0.00 99. 69 0.266  0.182
7. 644 49.13 1.71 6.17 8.16 0.12 11.27 22.47 0.56 — 99. 59 0.159  0.113
W 7.662 48.58 2.26 7.18 7.57 — 11.27 22.50 0.36 — 99.71 0.188  0.127
o 7.686 48.23 1.86 7.54 7.69 — 11. 62 21.20 0.83 0.09 99. 05 0.192  0.142
o 7.713 48.02 2.08 7.47 7.70 0.02 11. 60 22.21 0. 69 0.01 99.79 0.206  0.123
7.728 48.06 2.09 7. 60 8. 11 0.02 11.56 21. 69 0.78 0.01 99.92 0.206  0.129
7.735 48.71 1.57 6.12 6.90 0.02 13.13 22.69 0.38 — 99.52 0.181  0.089
7.745 48. 86 1.88 6.75 6.65 0.06 12.18 22.67 0.49 0.02 99. 55 0.180  0.117

& 7,763 50. 17 1.41 6.02 6. 64 — 12.48 22.69 0. 40 0.01 99. 82 0.142  0.121
7796 50. 31 1.69 5.81 5.67 0.07 12.47 23.49 0.34 — 99. 86 0.141  0.112
aeo 7.812 48. 66 1.82 6.56 6.19 0.05 13. 14 22.84 0. 60 — 99. 86 0.193  0.09%
7. 827 50. 00 1.54 5.51 5.79 — 13.79 23.01 0.57 0.02 100.21  0.156  0.084
7.841 48.73 1.83 6.63 6.23 — 13.11 22.91 0. 62 — 100.06  0.193  0.096
7. 856 45. 69 3.31 7.96 6.95 0. 04 11.54 23.53 0.43 — 99. 44 0.277  0.076
7. 864 47.17 1.39 6.20 6. 44 0.03 15.13 22.84 0.58 — 99. 78 0.236  0.037
7.877 46. 58 1.58 6.45 6.65 0. 07 15.01 23.05 0. 66 — 100.06  0.257  0.028
4 7-886 42.04 3.55 9.26 8.43 — 12.20 23.49 0.68 0.02 99. 68 0.392  0.025
; 7.901 45.88 1. 66 6.73 6. 84 — 14. 84 23.18 0. 66 0.01 99. 81 0.275  0.024
i‘g 7.918 43.72 2.73 8. 69 7.45 0.05 12.71 23.58 0.70 0.01 99. 64 0.340  0.048
W 7.926 46. 81 1.71 6.23 6. 40 0. 07 14. 42 22.94 0.70 — 99. 28 0.238  0.038
7.935 40. 86 4.51 10.95 7.87 — 11.23 23.81 0. 66 0.01 99. 90 0.443  0.049
7. 941 46.23 1.56 6. 86 6.78 — 14.82 22.94 0.70 0.02 99.91 0.266  0.037
7. 956 43. 88 2.98 8.97 7.33 0. 07 12.11 23.41 0.79 — 99. 53 0.337  0.064
7.957 40.22 4.51 11.27 8. 69 — 11.13 23.50 0. 64 0.02 99. 98 0.462  0.045
7. 958 42.62 3.74 8.61 8.10 — 12.05 23.96 0. 67 — 99. 74 0.373  0.014

B 7.959 41.10 4.49 9.30 8.55 0.02 11.97 23.96 0.54 0.01 99.92 0. 420 0
% 7.961 42.01 4.13 9.44 8.19 0.06 11.73 23.56 0. 67 — 99.79 0.398  0.027
Heo 7.963 40. 56 4.46 10.78 8.77 — 11.24 23.39 0.63 — 99. 82 0.446  0.040
7. 965 38.43 6.01 12. 49 9.05 0.06 9.83 23.22 0.62 0.02 99.72 0.520  0.047
7.966 40. 43 5.13 10. 80 8.46 0.01 11.17 23.12 0. 69 0.02 99. 83 0.454  0.033
7.973 44. 61 2.99 7.08 7.86 — 13.26 23.72 0.61 0.01 100.15  0.312  0.004
X 7,978 39.02 5.33 11.91 8. 88 0.03 10. 39 23.17 0.71 0.03 99. 47 0.496  0.045
®  8.938 37.30 5.83 12.94 8.76 0.16 10. 21 23.56 0.73 0.01 99. 50 0.555  0.036
& 8.939 43. 81 3.03 7.26 7.99 0.01 12.94 23.49 0. 64 — 99.17 0.325  0.003
i 11.754 37.32 5.89 12. 86 9.77 0.06 10. 10 23.09 0.74 0.01 99. 84 0.556  0.030
~11.758 43.83 3.07 7.28 7.78 0.15 13.20 23. 60 0.59 0.03 99. 51 0.327 0

383 38.25 5.08 11.96 9.08 — 10.75 23.53 0.76 0.01 99. 41 0.519  0.027
BT 13.586 43.71 3.23 7.65 8.13 0.03 12.85 23.19 0. 60 0.02 99. 41 0.332  0.012
W 18.723 41.62 4.19 9.26 9.26 — 11.75 22.99 0. 64 0.02 99.73 0.405  0.013
4 18.728 44.79 2.74 6.96 6.85 0.03 13.33 23.94 0.65 0.01 99. 30 0.298  0.013
23.900 45. 44 2.75 7.24 7.52 0. 00 13.18 23.38 0. 62 0.01 100.14  0.290  0.031
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Fig.2  Compositional profile of clinopyroxene along a representative transverse crossing a clinopyroxene megacryst, complex reaction

coronas and metrix in the host basalt

The port of the real line at the abscissa figures the pro rata distance between two measured points, the port of the dashed line at the abscissa figures the

disproportion distance between two measured points
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Table 2 Pyroxenes compositions of the alkali basalts at Changle, Shandong Province (wt% )

Si0, TiO, Al O3 FeO" MnO MgO Ca0 Na, O K,0 mE AlY AV
JLTR] B I 300 R A L
48. 80 0. 69 7.91 5.43 0.10 16. 18 19. 32 1.47 0.03 99.93 0.210 0.132
48.70 0.75 8.01 5.11 0.03 16. 28 19. 14 1. 41 0.01 99. 44 0.209 0.138
B 49.34 0. 64 7.40 5.08 0.03 16.21 19.01 1.49 — 99.21 0. 184 0. 137
) 49.76 0.57 7.07 5.53 0. 04 16. 60 18.78 1.49 — 99. 85 0.179 0. 126
. 49. 60 0.61 6.92 5.29 0. 10 16. 63 19. 42 1. 46 — 100. 03 0.184 0.114
(Cpx) 49. 09 0.61 7.18 5.40 0. 04 16. 63 19. 56 1.55 — 100. 05 0.201 0. 109
49.37 0. 66 7.54 5.15 0.02 16. 20 19. 47 1.52 — 99.92 0.192 0.133
49. 42 0. 65 7.46 4.98 0.02 16. 28 18. 84 1.51 — 99. 15 0. 183 0. 140
50.75 0.24 6.21 9.56 0.11 31.52 1.41 0.16 — 99. 96
50. 84 0.20 5.96 9.59 0.10 31.69 1.24 0.19 — 99. 81
50. 46 0.23 6.17 9.40 0. 05 31.75 1.32 0.16 0.01 99.55
Edh 5040 0.24 6.02 10.01 0. 06 31.87 1. 14 0.17 — 99.91
¥ 50.50 0.22 6. 08 9.81 — 31.67 1.17 0.09 — 99. 54
& 50.57 0.17 5.83 9.90 0.12 31.79 1.37 0.15 — 99. 90
(Opx) 50. 01 0.20 6.17 10. 07 0. 05 31.75 1.43 0.16 0.01 99. 85
51.82 0.28 6.29 8. 89 — 30. 87 1.32 0.14 0.02 99. 64
51.77 0.22 6.07 9.28 0. 06 31.36 1.18 0.14 0.01 100. 09
51.74 0.18 6.11 9.41 0. 14 31. 16 1.34 0. 10 — 100. 19
48.18 0.96 6.35 5.19 0.09 15.79 22.71 0. 65 0.01 99.92 0.215 0. 062
KR 47.14 1.03 6.72 5.84 0.04 16. 04 21.92 1. 04 — 99.75 0.245 0. 050
" 46. 89 1.39 6.76 6.76 0. 06 15. 56 21. 40 0.83 0.02 99. 67 0.248 0.050
W 48.08 0.93 6.11 5.75 0.14 15.99 22.17 0.83 — 100. 00 0.217 0. 051
48. 88 0.90 5.43 5.44 0. 05 16.01 21.79 0.75 0. 05 99. 30 0.182 0. 056
40. 80 4.01 10. 05 8.61 0.11 11. 81 23.95 0.75 — 100. 10 0.438 0.016
38.39 5.23 12.26 8. 86 0. 06 10. 54 23.75 0.69 0.02 99.79 0.520 0. 037
N 43.74 3.19 7.82 8.07 0.01 13.02 23.51 0. 64 — 100. 00 0. 340 0.010
i 41.34 3.93 9.45 8.57 0.02 12.40 23.82 0. 69 0.01 100. 23 0.422 0. 002
41.34 3.91 9.79 8. 68 — 11.78 23. 60 0.76 0. 04 99.92 0.418 0. 024
41.00 4.06 10.23 8.25 0.02 11.71 23.89 0. 64 0.01 99. 82 0.432 0. 029
Bl 5a AT
52.76 0.12 5.44 9. 64 0.16 30.03 0.67 0.15 — 98.97
i 52.89 0.17 5.45 9.32 0.14 30. 13 0.70 0.15 — 98.93
53.22 0.15 4.93 9.53 0.18 30.33 0.74 0.12 0.01 99.19
N E 52.47 0.47 1. 86 5.32 0.20 18. 56 19.51 0.70 0.06 99. 14 0. 066 0.015
[ 5b HEL
53.36 0. 06 4.30 8.87 0.07 31.81 0.70 0.23 0.02 99. 42
Fik  53.33 0.08 4.37 8.86 0. 06 32.02 0.74 0.14 — 99. 59
53.09 0.04 4.59 10.53 0.19 29. 89 0.78 0.18 — 99.28
o 40. 17 5.04 11. 68 8.36 0.15 10. 46 22.88 0. 66 0.02 99. 41 0. 458 0.070
2 41.18 4.12 9.83 7.80 0.03 11.83 23.71 0.70 0.02 99.22 0.419 0. 026
Bl 5c s
uly 53.26 0.07 4.46 7.13 0.15 33.04 0.53 0.07 0.01 98.72
B 42.77 4.05 10. 74 7.92 0.13 10.71 23.03 0.55 0.01 99.91 0. 380 0. 099
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Continoued Table 2
Si0, TiO, Al, Oy FeO" MnO MgO CaO Na, O K,0 J=8 ALY AV
& 5d oA
B 50. 12 0.09 1.02 24.50 0.12 23.01 0.53 — — 99. 39
50. 65 0.08 1. 06 23.89 0.09 23.33 0.55 0.01 0.02 99. 68
B 49.49 1. 06 2.77 7.65 0. 14 16.42 21.13 0.57 0.01 99. 25 0.123 0
49.97 0. 81 2.69 9.29 0.04 17. 80 18.63 0.70 0.02 99.95 0.118 0
38.20 5.71 12.71 8.97 0. 00 10. 15 23.44 0.74 0.03 99. 96 0.531 0. 045
i 44.75 2.95 6.75 7.87 0.02 13.25 23.63 0.56 0.03 99. 81 0.302 0
39.71 4. 86 11.34 8.72 — 10. 80 23.54 0.78 0.02 99.77 0.474 0.039
44. 14 3.32 7.00 7.01 0.07 13. 11 23.94 0. 67 0.01 99. 27 0.314 0
KA THEA TS
1 s 49. 20 0.33 3.31 10. 23 0. 06 13.39 21.99 1.36 — 99. 885 0.133 0.015
- 43. 46 4. 12 9. 06 7.79 0.13 11. 06 23.85 0.35 — 99. 82 0. 350 0. 055
2 4% 49. 18 0. 60 5.21 10. 75 0.12 11.87 21.77 0. 84 — 100. 34 0. 148 0. 083
= 43.28 4.27 10. 01 7.38 0.17 10. 95 23.77 0.57 — 100. 4 0. 369 0.075
3 49. 84 0.45 4. 40 9. 66 0.07 12.28 22.16 0.83 — 99. 69 0.120 0.076
= 43.17 4. 00 9.22 7.02 0.07 11.03 23.55 0. 50 — 98. 56 0. 346 0.070
4 5 49.51 0.50 4.61 10. 65 0.05 12. 01 22.04 0.77 — 100. 14 0.132 0.073
= 46.22 3.43 7.37 8.24 0.16 11. 08 22.55 0. 87 0.03 99.95 0. 257 0.070
5 5 48. 36 1.23 8.51 6.43 0.19 13.01 20.72 1. 11 — 99. 558 0. 206 0. 166
P 41.59 4. 60 10. 98 8.38 0.12 10. 67 22.96 0.53 0.01 99. 82 0.416 0.077
6 % 50. 11 0.35 6.32 3.50 0.13 16. 96 20. 08 0. 84 — 98. 291 0. 150 0. 125
= 39.96 5.31 11.91 8.45 0.11 10. 13 23.05 0. 56 0.02 99. 499 0. 467 0.072
7 5 51.47 0. 06 1.28 8.90 0.42 13.07 23.27 0.72 — 99. 175 0. 047 0.010
= 39.28 5.75 11. 88 8.33 0.07 10. 24 23.30 0. 47 0.01 99.33 0. 488 0.051
8 I 48. 98 1.48 7.78 6.33 0.16 12.85 20. 25 1.38 0.01 99.222 0. 180 0. 160
e 43.33 4.05 9.99 7.73 0.13 11.09 22.94 0.53 — 99. 803 0. 360 0. 086

AR ISR 0 A 45 ) S R A 5 3 A S e
HAE T BLRDEE A7 T ST K €0 B RHHE £ 17, 2 i B
RHFEAT AT LB R R AR PR ISR S 30, S 01 64
PN 52 L BARERE A S WA A, DA A | Ah Y 2 i 2
i RN 52 L BRI o OB T A
FURDEEAT AN BLHEAS A 9T R AR R R 2
P SR IRAH A

4 ZREPIEEA

BRI A R AAAE R B SRR B AN, R E
ARZ IR M A Tl 45 A, LA SR i B A R 356 Jo 2 A}
Ao
4.1 REIEZERHER
[FIEOVE A i 9 b AT RO ) R R A, BENTE R X R
I ) FIE R R, B TR A, RS A S X
A I — 20 ST SRR, RIVJE J80 S35 4 38 1) Sz
%54 (Bowen, 1956; Hyndman, 1972) , 3% 26 B8 &b 77 — i LA
PR R B ERH W T35 S (BT S) o

Kl 5a R EAORAR A 850um A4y, A EE AR E 100 ~

150y B a2 15, 100l 2 7 5 B 2/
TR AL s 7 17 IR P58 o1 0 20 B 7 S 0/ T
IR 407 7 TR Ko P Sb v i 4 (180pm Z247)
e HE A MO A 5 T FE S 10 ~ 20 (1 56405 7 5F 34 4
L ERDIREL 04 K R R B A T AL ) Se R
BT (60wm 747 ) S ARHEE T 10 ~ 20 pm 5L 3 A 7
FRIL AT e 7 A A B A 97 9L, T S 1 5
R EF B T Sd BRI AT AT (15 pm 22 A7) B
LB AR A FR D3, 2 T & o O 3 0 B A 1 B
L RRIIE  B  BO R B

S B BT AT 0 8 B B R 47 SR T T
AT (T 2) o B B L R 1 B 3 B 8407 W
(P Sd) LB A7 HE 4TRSS 5 — 0, 23 55 Mg, 2 Bn
BHTCTE 85 ~ 88 ;AR BARIIE 47, BRFEl Sa o R R 5 L B P
Sd s EA I PR R £ 2 RO IR , 1%
H 5L REHGEFINI TSN, FE 54794 0 MR}
Wi 1 5% B ORI 1R S — B (I 1.5 2)

4.2 ZREPHREMNBEAMERARER
B AR A TP B RO A R SRR AT, AR B,
KAk 100 ~300pm, EA1E i A B84 & (& 5e.5) .
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a- R WEAT LR B b SN, 8 28 b7 SO R v BRI A
240N B BT o B T AR DR A 0 AR K bR DT WA 10 ~
20wm PR BRI A7 PRI R, 7R R T B I A I IR B 2
L 5 BT WA S0 TS R B BRI A1 PR3, R A TP 82
I3 T B 57 AL 5 d- LD B b A ) PR A £ 2 AR
A se FI DB R ) S ARHHE A BT

Fig.5 Textures of pyroxenes in the Changle alkali basalt
a-Reaction rim surrounding a orthopyroxene xenocryst. At top-left of
the reaction rim, amoeboid clinopyroxenes form vertical to
orthopyroxene boundary; b-Orthopyroxenes, with dissolution related
sieve texture at the edge, are surrounded by clinopyroxenes in 10 ~
20pm; c-The edge of orthopyroxenes are surrounded by
clinopyroxenes, with sieve texture in the orthopyroxenes; d-Sector-
zoned clinopyroxenes surrounding orthopyroxenes; e and f-

Clinopyroxene phenocrysts with sector-zoned texture

R AR A QLR PR A KA 10 ~ 30pm, RIFEH A
T RS AL (1 18T S) o

IS M2 WY, BRE it BREIEE A (3% 2) A3 oS R A1
(1) WO HEA— B, WP & 1 25 48 23 Tio, Al AL O3 B
R TR IR Y, 20 55 L BARDIE AT ST 0 B SRR v
SERNBLE TR BRI o T3 A0, AN T 5 P i [ 5 5
At E AT TR N2 B BRI O S I T BB 1 5 2o v Y
st S T AR A 10— 20, B BT E 5 2 ROA K )k 3
s T

5 Wig

51 BEXREMBRASEMZTHEREIXRE
ERWFTER N TR BRI X R R R SR A B
AP L35 B DR 2 v 45 i Y B RE i BRI £

I S5 BRIV B AN ), BRRbVEAT L 0z A S [ 0 3l D
Ao TAE Al BARDEE A7 1R BT B RORE A1 4 S 14 A 2 i
AT P JiOT 7/ I S e B w ey S| R RN EN T
BAARIREE A 5 BT £ BRIV A R B T B AR A [ A7 A LR A K
e (LA 2 3R 158 2) , B BAbE A E 5 5 A KR
SPARTA . JiAh EE SR AIEA SR E R R A HEE LT
SIS0 A5 A8 ( PRl A R 25, 11 1) Kol s (B
s SR AREE AT 1) U W B R SR I I A J L TR 2 ~ [ 4) P AE
Y P Wil - A SO T8 B R v, B R S e X
AP ERORIR B 22 o SOV 320 AT RE 2 3K 20 43 (LS AR
X ) 72 L b FRLRDEE AT (IR EE AR R AR ) A1 PR S B L 45
i (00 5 T 2 24 B 20 R FRT B B i 1) 2 S W R B R i T
L BRIV AT AL (8 /N Bl o BDRE R, L B RV 5
VIR I A B I RSP i 5 e TRV, &2 2% SO 31 o RS [ e
(1) ATRERLR A [A) P45 5 T 1y 7 4, 72 [ 6a B RhiE
SRR I A 3 N 4117 R e S B 3
A, RO A BOY O R R KR TR DXt P 3
TR JOE” IR, 2 BT W T A R R R 458 19 2
W s 522z, FIURL/IN , 305 80 Uk 32 - A e s I TE) 4L, R B o A
JE AT (A 2T o B RV AT 5 T 2R K T
S FRLEE AN, SR L o SRR A 2 b R B X
IS I P4 B i R 0 AP e R RIE A4 95

[ R A A 2 K R DT X 43 85 L ke A T e ity
R X ARA il (R B ) AT . DB AR X B
B bR 5 R, MRS D 1B R T B R
PR A BRAS SCIF 9T 0 BRLRHEE A0 RN AT WE AT A1, I A
TR A R AR 8 A1 (B3R, 2005) @ fH Hy PR 3 5 it
WA (LA R ) RITE IR BE 8y Fak B4, K, J5 301
EH PGS ST I B ROV AT 5 DI DA 3R 0 BRI A S
FEA—F, NI SR ROV A il S ek 5 R DA IR h 45
(10 BRI AT BRE TR X 53 (E B ARHE A7 ALY - ALY R (5 6c)
TR LU A BRI A BE AR A 0 KRS T b R
LRI SRR A R A T KR AR X, B2 T
JEITERAFREE X BB oy A A FT RE R A 3R T Rl
R AR AT DR A

(6] PR I AR M il 3 T T A TP LR ),
G RE PRIEA I (E Sa-d) o TEREAHRK IR,
KR I I [RE AR 7 R A 4 A R R S e IR R IR B TR
FTA  AE ST FRASTH Y AR FE R N [, 26 R 7 #E
ARGt BT B SN 2R 5 i 1A Y S ROV A SR
(Bowen, 1956; Hyndman, 1972) , fif H. 5 & A7 (1) 45 44 R AiE
LT 2 AT WA ORE R/ INE IR K, BB A R D WA AR 1 s
N, BOREIS B AR AT B AR /NI HUIR (L Sa) B/ NBUR SE 5
W 5b) k5 K S B i 1A R SRUBORL (8] Se.d)

@ FEHIE. 2005, AR GEEHAERLRE SRIESCRTE. BA
KA A8 3
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Table 3 Composition of clinopyroxenes in the lherzolite xenoliths in the Changle alkali basalts (wt% )

Si0, TiO, Al, O FeO" MnO MgO Ca0 Na, O K,0 =g AlY AIV!
49. 88 0.95 7.74 6. 67 0.15 12.51 20. 12 2.14 — 100. 16 0. 161 0. 175
49. 81 0.92 7.63 6.76 0.12 12.25 20. 16 2.02 — 99. 66 0. 155 0.178
50. 06 0.95 7.60 6. 68 0.22 12.52 19.78 2.10 — 99.92 0.152 0.178
49.77 0. 96 7.76 6.45 0.13 12.12 20. 47 2.11 — 99.77 0. 158 0. 180
49.78 0.95 7.68 6.62 0.16 12.27 20.23 2.06 0.02 99.76 0. 158 0.177
50.27 1.03 7.69 6.29 0.15 12. 36 20. 10 2.05 — 99.93 0. 149 0. 185
50. 15 1.01 7.58 6.56 0.15 12.36 19.97 2.02 — 99.79 0. 148 0. 181
49.96 1.01 7.84 6.50 0.17 12. 44 20. 21 2.00 — 100. 11 0. 160 0. 180
49.90 0.97 7.55 6.51 0.19 12.32 19.97 1.92 0.02 99. 33 0. 149 0. 181
50. 20 0.92 7.51 6. 67 0.19 12.45 19. 88 2.14 — 99. 95 0. 148 0.178
50. 17 0.99 7.73 6.43 0.14 12.47 20.01 2.04 — 99. 96 0. 152 0.183
50.13 0.87 7.21 6.41 0.18 12.45 20. 13 2.01 — 99. 40 0. 141 0.174
50. 05 0.92 7.33 6. 60 0.19 12. 64 19. 54 2.08 — 99. 33 0. 144 0.176
49. 88 0.95 7.50 6.48 0.21 12.21 19.72 2.13 — 99. 08 0. 145 0. 183
49.93 0.98 7.40 6.23 0.16 12.37 20. 39 2.06 0.01 99.52 0. 150 0.173
49. 84 0.96 7.44 6.47 0.12 12.28 20. 25 2.07 — 99. 43 0.151 0.174
50.33 0.99 7.62 6.58 0.15 12. 56 19.72 1.97 — 99.92 0. 146 0. 184
50.01 1. 09 7.53 6.53 0.20 12.50 19. 88 2.05 0.01 99. 80 0.153 0.175
50. 16 0.99 7.45 6.56 0.15 12.57 20. 18 1.98 — 100. 04 0. 151 0.172
49.85 0.93 7.45 6.62 0.21 12.51 20. 15 1.92 — 99. 65 0. 154 0.171
49.70 0.92 7.27 6.59 0.13 12. 46 20. 20 1.93 — 99. 20 0. 151 0. 168
50. 48 1.00 7.57 6. 64 0.13 12. 56 20. 11 1.97 — 100. 45 0. 148 0.178
49. 48 0.97 7.48 6. 62 0.17 12.24 20. 00 1.96 — 98.92 0. 154 0.175
50. 35 0.94 7.55 6. 68 0.13 12. 63 20. 10 1.98 0.01 100. 37 0. 150 0.176
50.32 0.94 7.84 6. 69 0.16 12.39 19. 84 1.95 0. 03 100. 17 0. 150 0. 190
50.13 0.74 7.47 6. 89 0. 08 12.33 20.73 2.18 0.01 100. 56 0. 155 0. 169

X T e I R 7 M A ORI R, A 5 3R G B oA
PNTTAE A 2KV EN 25 S R v, O Ak WAy R 4 B ] 2
AT BT B g, R 8 I ] T 45 SR R R
RUEA , T /INURL R 5 M AR TR 5 25 KT8 L 1, A 7
SRR ] DA R A1 R S A% 45 R B R A B .
Ab, % BEE R O A L B AR R R R ) AR RS
H:Si0, 51.51% ~ 55.66% , Al, O, 2.69% ~ 5.28% , FeO
6.8% ~16.85% ,MgO 26.04% ~ 32.95% , % i 4+ v FL i 4}
WA IO 100 1Y e 0 1 A4 O WA Ry (3 2) R AL FiZ 4y
[ OB A ALTE T X B B RO A SO AR
AR TR JE A B T AR 2

52 BRERERHE

N TRV BURTRE 2 BCA T RO A B R, 34T
B858RI T RO A b BRI A7 Ao g (R
3) X R S S BRI AT (45 T AR AR ) 4 A T e
TIEAEIAT TR O, DUHARAS A S B S B .

PARMREAT ALY/ ALY LUAE AT RAAE b 45 & T 00 2 A A
(Aoki and Kushiro, 1968; Thompson, 1974; Wass, 1979),
Aoki and Shiba(1973) i FH B AP A1 iy A" -AI &7, X 53 H
T T AR R B RBP4 X a8 6 Bk

Tt 2 T 5 S BRI AT g ALY -ATY PRI

MIEL6 rhal LIV R A i, B RO A B89 32 R AR B
TR g Y R 2R AL AT X, B R A Y
PR e P A FR SRR A5 T DX, {ELHG T 7 R AR —
L 2% SN T A LT G LA B TRT B R N 301 v Y B Rk
WA ERBCE TR A9 KOs X3 (] 6a-b) , BERH
BRI AT 10 BN 320 T R A A TR PR [ A5 R R AT 7%
i A P IR SO B 5 2 A R RO A g
RHHE AT T BRI A 2R T LR DX, T 2
TR i RO AT A% , 8 20 B85 T ARG o e B SRR A X
B AR DR, (E R 2 B I 15 30 5 K I B R Ay —
B BOAE" KA DX, T AT RE 58 T 7070 JAE s S RHRE A7 1Y
A i T (SORIET ) 150 im0 e 1y Mt , S ) D5

T P T ik R BROROEE 47 (9 JE BUER I, R
Nimis and Ulmer (1998 ) #5 5 B SR A1 1 J7 %8 B & Rt
AT R RO o 0 T T BRI AT B 4 R TR ) R AT T
5. B A% S RL ) B BRI £ 45 Ik O 1301 ~
14. Okbar, JUR RIS, S BETE 47 ~ Slkm; TR 28 T I
PR, FLART RS R 9 5 B RO A7 B I T e R 1) 8.5
~ 11 3kbar; il Z2F o A0S A LA rh RO A7 B 285
JE 7124 10.9 ~12. Okbar, H: 5 e iy 4% SR E M 38 ~43km, 2K
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a-FLAZ 2R SN ) L SR AT 5 b-FL ) LSR5 14 L S ARDIE A 5 - 2O TR B RE S SRV AT L SR B R £ LA B RO A B Ay

BT, BRER 1.2 3 "PIEARAN, HAKERT | B #iF e (2005)

Fig.6 The Al"-Al"" diagram of the clinopyroxenes in the Changle alkali basalts ( after Aoki and Shiba, 1973)

a-the clinopyroxene megacryst with complex coronas; b-the clinopyroxene megacryst with simple coronas; c-the clinopyroxenes phenocrysts and metrix

in the Changle basalt and clinopyroxene in the lherzolite xenoliths, the data besides in the tables 1, 2 and 3, the else data are given in Dong (2005)

AT (2002 ) 38 1o % A 25 50 I DT 47 119 4% b 27 WK 18T 649 43 7
FIRIFFE , DA I U AR 280 )5 R 2845 T Y B 82 T R 28 29 30k, ]
VR EEAE 60km 224y o ASCHHRSE AU E SR X, AL T
5 0T 21 T (19 2607 7 25 B, TRt Bt AR A T 45 i 7
BEIRAL T U S R TR, S A R S AR R 1 BT i
TR AR B SRV TR T M e B A B
i SURTI@ ¥ ST

KT LB R A B R BT E A TR
TIYHFFE TAE . S Ui AT 1 8 WL o Bt & e A i
RS th 45 S B i (Trving, 1978 Trving and Frey, 1984
BB A5 ,1997a; Woodland and Jugo, 2007) . 1%} F E SRHK
PEZ A IR, 1 B A 45 (2006 ) 8 2o %o 12 %A 9 HE [7]
BLRBISE , A R IR T 5 B AR B

MR A ST, B EH NN AR B AR & B S SRR
A 2 R A R IR 2 /0 W5 T — 2 B AR
AT LRI ke B R e A, R AR S R
R IR T WS < ok 1 T 11 o e 1
W AR SR TR R S A P R 1 g A PR AR S
(MBI AN 57 ) 25 T8 LA RIE AT, B T2 IR SRR
I RS FE A B Rb T, BT TR J30 040 1 — Ok R
P BLRIVEAT 40 5 I DB ol T 560 ) B R4 19 3l , IS AR R 1
ZAE I RS KR AU A Bl 0] IS8 7R s
AR 1 R SRR T AL, 5 el R [ P A AL AR
ok A A R 2R IR G TEREIR A A K ) sl

T, B RDE A S TR A BB 2 e IR RN T
JOE300 ) A Al ML Al 7R BA R M re K B e, KA K
TFURES ity 1 BAARERE A BRE T, A BRI A7 2 L0 B4 SRl
TEIX— BT BB il — Bl )5 , 21 2 9% B T H
FIL B RINE X B, b THE R R B B R AT
st SRV A1 SO R %

6 &5ie

IS BRI X B A SRR T AT S,
HARAF U T FAIR,

(1) B IRt 2 5 P i) RO 41 50 D [ R A Fil 4
air, AT T e e A B 7 5 s A B 5 P e )
AL , 445 it T2 11 I R PO Tl B P 1

(2) B ah BRI A 5 2 i (8] A SOV B 88 5 AR A
— AR (E A PN TR 2 R BRI AT R R R, T A
SUR L ) T BURS 3 E STw S ibE AR R N
JOE B SE R AN R AE S e S B R BRI 1 5 2 R
AR 225 R A, B BORLC, 18 8 5 55 ) 3l
ZEMY I IR WU A 2% SBT3 B2, 0K/ , i 8l 2
ZE BRI ()L, HRETE I TRT H S N 3

(3) o B S R 140 B 7 A g TR ISR i, e
JOE 343 2 AR5 A 5 o R R 03 22 57 1 Y, B S b Bl
ST A AR ) — b S L A1 24 T S0 B AR A AR 1) s T
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