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Transformation of Chromium Spinel and Garnet: Evidence of CCSD PP3
Ultramafic Rocks Processed UHP Metamorphism
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Abstract: The ultramafic rocks in the CCSB PP3 ( China Continental Scientific Drilling) drilt hole consist of dunite and garnet
peridotite with a gradual margin between them. The main minerals in the rocks are olivine, chromium spinel, diopside, endi

opside. and/or garnet orthopyroxene, amphibole and phlogopite. Chromium spinels in PP3 ultramafic rocks can be divided
into 4 groups with a varied composition, Cr“(molar 100Cr A Cr+ Mg)) from 51 to 8% which consists of four evolution sta

ges of the ultramafic rocks. The 4 stages are partial melting, eclogite facies amphibole facies and greenschist facies. When
the Cr® of chrome spinels increases, the Mg “( molar I00Mg/(M gt Fe™)) of chromium spinels decreases, but oxygen fu

gacity rises. Compositions of the chromium spinels reflect that the rocks originating from the shallow mantle have subducted
to a depth of over 100 km and have then been exhumed to the surface. During the subsequent greenschist facies and amphi

bole facies metamorphism, the chromium spinels lost some Cr, Mg and Al, but gained relatively more Fe.
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Fig. 1 Garnet peridotite (a) and chromium spinel peridotite (b)
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2A
Fig. 2A° Distribution of chromium spinels in different rocks
1. ( )5 2. BISR22P1 ( )s 3. ( ): 4. ( )s
5. ( ); 6. ( )5 7. ( ): 8. (
)

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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2B
Fig.2B Distribution of chromium spinels in different rocks
(SEM ); 2.¢ ? (SEM); 3. (SEM); 4. (SEM); 5.
(SEM); 6. (SEM); 7. (SEM); 8. (SEM)

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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2C
Fig.2C Distribution of chromium spinels in different rocks
L (SEM); 2. (SEM); 3. (SEM); 4. ( )5 5.
(SEM); 6. (SEM); 7. ( );8. (SEM)

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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1
Table 1 Composition of chrome spinels
Si0; Ti0» ALO3  Cra0; FeO M nO M 20 Ca0 Cr¥ Mg#
1 1 0.178 0. 055 21.619 46. 867 22.091 0. 120 10. 399 0. 000 101. 33 59 46
2 1 0. 000 0.038 24.795 44. 060 20.513 0. 066 11. 027 0. 000 100. 50 54 49
3 1 0. 096 0. 089 22.626 45. 744 20. 422 0.043 10. 726 0. 000 99.75 58 48
4 1 0. 141 0. 000 26. 200 41. 347 22.196 0. 000 11. 065 0.019 100. 97 51 47
5 2 0. 003 0. 131 22.496 44. 881 21.212 0.070 10. 710 0. 004 99. 51 61 43
6 2 0. 000 0.258 22.948 45. 062 20. 798 0.015 10. 449 0. 000 99. 53 63 36
7 2 0. 000 0.223 17. 639 47. 424 27.030 0. 120 8.391 0. 000 100. 83 51 50
8 2 0. 140 0. 285 16.257 48.793 25.701 0. 000 8.905 0. 057 100. 14 59 50
9 2 0. 057 0.178 15.991 48.875 24.451 0. 156 9. 337 0.113 99. 16 57 47
10 2 0. 056 0. 108 22.081 44. 403 21. 687 0. 109 10.511 0.012 98.97 57 47
11 3 0.099 0.079 11.325 56.918 26.275 0. 055 6.574 0. 000 101. 33 64 36
12 3 0. 142 0.123 10. 179 57.768 25.439 0.028 6. 525 0. 000 100. 20 67 38
13 4 0. 000 0. 126 4.730 55.232 35.813 0. 025 4.712 0. 000 100. 64 67 41
14 4 0.324 0. 106 4.611 57.137 32. 667 0. 059 4.951 0. 000 99. 86 57 46
15 5 0.022 0. 000 15. 860 50. 107 26.477 0. 000 8.357 0. 000 100. 82 77 31
16 5 0. 020 0. 000 15.353 51.473 25.742 0. 000 8.302 0. 000 100. 89 79 31
17 6 0.015 0. 000 6.770 48.299 39.173 0. 000 5.381 0. 000 99. 64 89 19
18 1 0. 000 0. 040 20. 625 47. 455 22.572 0.319 9. 545 0. 000 100. 61 89 21
19 1 0. 153 0.024 17.771 45.933 24.936 0.472 7.919 0.031 97.32 68 36
20 1 0. 144 0.022 27.420 41.911 19. 884 0. 000 11.182 0.001 100. 75 69 37
21 1 0. 000 0.014 22.405 47.261 19. 963 0. 000 11. 199 0. 000 101. 23 83 20
22 7 0. 000 0.037 19. 129 48.723 25.179 0. 000 9.785 0.012 103. 00 63 41
23 7 0. 000 0. 005 19. 663 50. 906 21.120 0. 000 9.942 0. 003 101.94 63 46
24 8 0. 000 0.022 19.226 49.922 21.872 0. 000 9.282 0. 000 100. 44 64 43
25 8 0. 000 0.034 20. 156 46.203 23.810 0. 000 10. 107 0. 000 100. 40 61 43
26 8 0. 000 0.019 25.977 43.207 18. 461 0. 000 11.758 0. 000 99.70 53 53
27 9 0. 000 0.038 19. 320 49. 440 21.724 0. 000 9.116 0. 000 99. 84 63 43
:1.C19 -4, ;2.C29- 10, ;3.C31 -1, ;4. C86- 6, ; 5.C89 -5, 3 6.C104 -7,
$7.C27 - 11, ;8.C52 -3, :9.C% -7
100 (MgALOs ).
5 9% . (FeALO4 ). ( M gCr204 )
E sl . (FeCr204)4 : (Mg,
24 3+
@ 70k . /III Fe )(Cr Al Fe' )204,Cr Mg
< os’e Al
5 60} ?. H L ’ . ’
S sob Tes Mg Fe
I 2+ 3+
40 . \ . , Fe Fe (f02)
80 60 40 20 0
~ b
Mg'(Chromite) .
(Arai and
s =
3 Mg~ Cr Okada, 1991; Lee, 1999),
Fig. 3 Chromite correlationship diagram of Mg® and
J p ciag 8 (Press, 1986; Cookenboo et al., 1997). ,
Cr/(Crt+ Al . .
) (Irvine, 1965; Dick
3.2 and Bullen, 1984; Arai, 1992, 1994).
x 2
AB204, A Cr(Cr/(Cr+ A1) X 100), Mg~ Fe’"
,B . Ti02 . Arai( 1994) . Barnes and Roeder
, (Al). (2001) « Roeder(1994)

(Fe’) (crh).
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2 32
Table2 Molecular formula and parameter of chrome spinels
i Ti Al Cro Felii)  Fe(i) Mg CC:/( D Fi\igl\//[g) ( Fei‘i F/e2+) M g/Fe
I 0.044 0.010 6315 9184 0.392 4187  3.843 0.59 0.46 0.09 0. 84
2 0.000 0.007 7.176  8.554  0.256  3.956 4037 0.54 0.49 0.06 0.96
3 0.024  0.017 6660 9.032  0.227 4038  3.994 0.58 0.48 0.05 0.94
4 0.034 0.000 7.502 7.942  0.488  4.021  4.008 0.51 0.47 0.11 0.89
5 0.000 0.008 6.126 9.455  0.404 4.353  3.586 0.61 0.43 0.08 0.75
6 0. 041 0. 005 5.553 9.628 0.728 4. 800 3. 130 0.63 0.36 0.13 0.57
7 0. 035 0. 004 7. 841 8. 040 0. 041 3.994 4.045 0.51 0.50 0.01 1. 00
8 0. 000 0. 003 6.522 9.229 0. 244 3.879 4.124 0.59 0.50 0. 06 1. 00
9 0. 001 0. 025 6. 637 8. 883 0.429 4.012 3.997 0.57 0.47 0.10 0.90
10 0. 000 0. 049 6.772 8.921 0.210 4.145 3.901 0.57 0.47 0. 05 0.90
11 0. 000 0. 043 5.327 9. 607 0. 980 4.811 3.205 0. 64 0.36 0.17 0.55
12 0.036 0. 055 4. 949 9.964 0. 904 4.647 3.429 0. 67 0.38 0.16 0.62
13 0.015 0. 035 4.901 10. 048 0.952 4.364 3.620 0. 67 0.41 0.18 0. 68
14 0.014 0. 020 6.562 8. 852 0.516 4.057 3.952 0.57 0. 46 0.11 0. 86
15 0. 026 0.016 3.546  11.957 0.413 5.426 2. 604 0.77 0.31 0.07 0.45
16 0. 038 0. 025 3.238  12.326 0.310 5.431 2.625 0.79 0.31 0. 05 0. 46
17 0. 000 0. 026 1.550  12.140 2.258 6. 067 1.953 0.89 0.19 0.27 0.23
18 0. 091 0. 022 1.521 12. 642 1. 611 6.033 2. 066 0.89 0.21 0.21 0.27
19 0. 006 0. 000 4.827  10.231 0.930 4.788 3.218 0. 68 0.36 0.16 0.56
20 0. 005 0. 000 4.684 10.535 0.771 4. 801 3.204 0. 69 0.37 0.14 0.57
21 0. 004 0. 000 2.202  10.539 3.251 5.790 2.214 0. 83 0. 20 0.36 0.24
2 0. 000 0. 007 5.592 9.556 0. 838 4.385 3.619 0.63 0.41 0.16 0. 69
23 0. 000 0. 001 5.799  10.071 0. 128 4.291 3.709 0.63 0. 46 0.03 0.84
24 0. 000 0. 004 5.769  10.048 0.175 4.481 3.523 0. 64 0.43 0.04 0.76
25 0. 000 0. 006 5.983 9.200 0. 804 4.211 3.795 0. 61 0.43 0.16 0.76
26 0. 000 0. 004 7.516 8.387 0. 090 3.700 4.304 0.53 0.53 0.02 1. 14
27 0. 000 0. 007 5.836  10.018 0.132 4.524 3.483 0.63 0.43 0.03 0.75
1.
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Fig.5 Composition of chromium spinels (a) and diagram of Cr,03 of chromium spinels and Al,O3 of orthopyroxene ( b)
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