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Mineral inclusions in rutile of Sulu UHP eclogites from the main
drill hole of CCSD, Donghai
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(1. State Key Laboratory for Mineral Deposits Research, Department of Earth Sciences, Nanjing University, Nanjing 210093, China;
2. Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: Rutile is a common Ti-bearing accessory mineral in eclogites. In the 100 ~2 000 m borehole samples
of the Chinese Continental Scientific Drilling Project, rutile appears in different amounts in rutile eclogite, phen-
gite eclogite and kyanite eclogite. It, together with other minerals, can be wrapped in major metamorphic min-
erals such as garnets and omphacites, or can wrap other minerals. Inclusions in rutiles from CCSD UHP eclog-
ites were studied by electron microprobe. The result shows that the inclusions such as omphacites, Hf-rich zir-
cons, high-Al sphenes, pargasites, katophorites and clinozoisites were formed during the progradation of eclog-
ite-facies to peak metamorphism. With the exhumation of the Sulu UHP metamorphic belt, the eclogites under-
went extensive retrograde metamorphism, and lots of minerals such as rutiles and omphacites experienced retro-
grade metamorphism too. Ilmenites coexisting with rutiles were subjected to different extents of retrometamor-
phism, yielding Fe-rutile and ulvospinel. Therefore, some retrograde mineral assemblages such as symplectites
of diopside + plagioclase, low-Al sphene, magnesiotaramite were found in retrograded rutile.
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Table 1 Average electron microprobe compositions of omphacite

12 #12 DH3 DH3 DHI10 DHI10 DHI1 DHI11

2 8 2 4 2 8 4 2
SiO, 55.16 56.46 55.78 55.87 56.24 56.68 55.35 55.98
TiO, 1.17 0.05 0.71 0.10 1.60 0.04 1.14 0.20
ALO; 11.54 11.97 12.44 12.57 12.54 12.37 12.90 12.62
FeO” 3.85 4.05 5.63 5.55 2.86 2.39 2.77 2.85
MnO 0.04 0.02 0.05 0.00 0.03 0.02 0.02 0.03
MgO 7.28 7.19 5.97 6.01 7.70 7.95 7.38 8.21
CaO 11.68 11.85 10.06 9.99 12.06 12.50 12.14 12.38
Na,O 8.12 8.12 9.02 9.44 8.30 7.68 8.17 7.68
K,O 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01
Total 98.84 99.72 99.67 99.53 101.33 99.63 99.87 99.96
Si#t T 1.970 1.996 1.976 1.974 1.954 1.999 1.949 1.968
ABT T 0.030 0.004 0.024 0.026 0.046 0.001 0.051 0.032
AP M1 0.455 0.494 0.495 0.497 0.467 0.512 0.484 0.490
Ti*" Ml 0.031 0.001 0.019 0.003 0.042 0.001 0.030 0.005
Fe*™ Ml 0.073 0.063 0.109 0.000 0.053 0.011 0.063 0.054
Mg>* Ml 0.387 0.379 0.315 0.317 0.399 0.418 0.387 0.430
Fe™ Ml 0.042 0.056 0.057 0.164 0.030 0.058 0.019 0.021
Fe?™ M2 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.009
Mn?" M2 0.001 0.001 0.001 0.000 0.001 0.001 0.001 0.001
Ca®" M2 0.447 0.449 0.382 0.373 0.449 0.472 0.458 0.466
Na® M2 0.562 0.556 0.620 0.646 0.559 0.525 0.558 0.523
K' M2 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Jd 0.451 0.492 0.494 0.488 0.463 0.514 0.476 0.495
Aeg 0.106 0.062 0.125 0.146 0.091 0.013 0.073 0.033
Aug 0.443 0.447 0.381 0.366 0.445 0.473 0.451 0.471

* — =4 12 0=6 Neumann 1976 Spear 1993

=AI" Na+Ca Aeg
Mn

Na—AI"  Na+Ca Aug =Ca Na+Ca Lioueral. 1997
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Fig.2 Mineral inclusions in rutiles
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nite Prg—pargasite Mg-Tar—magnesiotaramite Czo—clinozoisite Ap—apatite



1 CCSD 65
Na,O 7.68% ~9.44% 2 wy %
MgO 5.97% ~8.21% Table 2 Average electron microprobe compositions of zircon
CaO 9.99% ~12.50% FeO” DH1 #18 HI1-4"
2.39% 5.63%
4 8 1
45.1~49.4 7.3~12.5 Si0, 32.76 32.03 33.38
38.1~45.1 PbO 0.00 0.00 0.00
48.8~51.4 P,0Os 0.04 0.13 0.00
71O, 64.39 65.69 65.43
1.3~14.6 36.6~47.3 1 HIO, 1.96 1.76 1.05
Y,05 0.02 0.02 0.09
3 ThO, 0.01 0.03 0.08
Uuo, 0.03 0.04 0.06
Total 99.21 99.70 100.09
Si 1.012 0.990 1.017
Pb 0.000 0.000 0.000
P 0.001 0.003 0.000
Zr 0.969 0.990 0.972
Hf 0.017 0.016 0.009
Y 0.000 0.000 0.001
Th 0.000 0.000 0.001
18] 0.000 0.000 0.000
o EARYTMGER
o ERVHRER 0O=4 =* Wang and Griffin 2004
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Fig.3 Compositional plots of clinopyroxene inclusions

in rutile and matrix clinopyroxene
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+FeT =0.212 3

Enami et al. 1993 Carswell et 0.78% ~1.66% ALO; X, =0.029~0.063
al. 1996
AlLO; 0.72% ~1.48%
2e
2f g
+ 3.2.4
3
Zhang et al. 2005
AlLOs 5.41% X, Al Al+Ti -
Zhang et al. 2000
3 wg % Yang et al. 2004 2005
Table 3 Average electron microprobe compositions of sphene 4
DHI10 £#28 DH-9 #13 #13
4 wp %
‘Iable 4 Average electron microprobe compositions of hornblende
3 3 2 2 4
- X DHI1 DHI1 DH9 DH9 DH10
SiO, 32.92 30.86 30.64 30.72 30.58
TiO, 29.55 39.56 39.13 37.75 37.96
AlLOs 5.41 0.78 0.72 1.66 1.48
Fe, 03" 2.10 0.89 0.44 0.93 0.89 3 2 2 3 2
MnO 0.08 0.06 0.04 0.06 0.07 SiO, 44.74  37.01 41.06 49.06 39.90
GO 27.86  28.21 28.34 28.28 28.44 ALO;  12.94  18.18 20.18 8.36 17.95
Nazo 0.09 0.02 0.02 0.01 0.01 MnO 0.01 0.17 0.04 0.00 0.00
KO 0.07 0.00 0.00 0.00 0.00 FeO®  16.01  18.71 9.58 10.88 8.73
P,0s 0.02 0.01 0.01 0.02 0.02 MgO  8.52 7.14 11.11 13.37 13.90
F 1.18 0.28 0.29 0.40 0.36 Ca0 6.52 11.13 8.85 13.26 10.20
F=0 -0.50 -0.12  -0.12  -0.17  -0.15 Na,O 6.84 3.30 4.94 2.21 4.37
B0 0.63 0.11 0.04 0.21 0.19 Towl  97.74  96.26  98.48  97.42  96.89
Si 1.051 1.000 1.003 1.000 0.996 NALT 1.368 2.332 2.161 0.762 2.265
Ti 0.710 0.965 0.963 0.924 0.930 MALC 0.892 0.949 1.221 0.692 0.776
Al 0.204 0.030 0.028 0.064 0.057 Ti-C 0.238 0.000 0.281 0.026 0.197
Fe' 0.050 0.022 0.011 0.023 0.022 F'-C 0.000 0.619 0.301 0.000 0.722
Mn 0.012 0.000 0.000 0.000 0.000 Mg-C 1.883 1.631 2.355 2.940 2.978
Mg 0.021 0.001 0.000 0.000 0.000 F&'-C 1.985 1.777 0.838 1.342 0.328
Ca 0.953  0.980  0.993  0.986  0.992 Mp?*-C  0.001 ~ 0.022  0.005  0.000  0.000
2+
Na 0.005 0.001 0.001 0.000 0.001 Fe2+—B 0.000 0.000 0.000 0.000 0.000
K 0.003 0.000 0.000 0.000 0.000 M(K‘l I;B (1)222 ?22(7) (1)22(9] 2282 (1)(5)(;(1)
_a- . . . . .
P 0.000 0.000 0.000 0.000 0.000
E 0,120 0,028 0,030 0.041 0.037 Na-B 0.964 0.173 0.651 0.000 0.429
L, ’ ' ’ ’ ’ Na-A 1.002 0.807 0.709 0.631 0.788
OH 0.135 0.023 0.009 0.045 0.041 KA 0.004 0.117 0.018 0.009 0.004
Xal 0.212 0.029 0.028 0.063 0.056
*— x* x—OH=Al+F3" —F *— 0=23 F"  Fe*
=3 Mn Leake 1997
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Table 5 Average electron microprobe compositions

of clinozoisite

13-Czo * %
2
SiO, 38.76 37.91
TiO, 1.48 0.07
AlLO; 29.72 25.50
Fe,05 " 5.66 11.38
MnO 0.07 0.18
MgO 0.03 0.00
CaO 24.18 23.13
Na,O 0.02 0.01
K,O 0.00 0.01
Total 99.92 98.19
Si 3.059 3.000
Ti 0.088 0.004
Al 2.765 2.379
Fe** 0.336 0.678
Mn 0.005 0.012
Mg 0.003 0.000
Ca 2.045 1.961
Na 0.003 0.000
K 0.000 0.000
*—_ O=13 *x x— Forneris
2004 Mn
Na,O 2.48% ~3.08% Al O
3.75% ~ 7. 65% CaO 18. 33% ~
21.23%
11.9~15.6 1.9~8.2
79.9~82.5 18.3~19.3 1.6—-3.9
77.7~79.2 3
0.0~0.7 2.5~26.4
73.0~97.5 0.1~0.5 13.6~20.0
79.5~86.3
Ti-Fe
2f 2g 2i
4.1
CCSD
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Table 6 Average electron microprobe compositions
of diopside in symplectite 4.2
DH9 DH9 DHI11 DHI11
2 3 3 3
SiO, 54.90 53.20 47.44 53.61
TiO, 0.38 0.07 1.80 0.09
AlLOs 3.75 5.00 6.67 5.60
FeO* 5.00 7.80 7.65 457 Wang
MnO 0.08 0.04 0.06 0.09 & Griffin 2004
MgO 12.50 10.58 11.38 12.11 o
a0 21.23 19.49 18.33 20.34 Hi 0.78A
NayO 2.48 3.08 2.55 2.94 7t 0.79A
K,O 0.01 0.01 0.05 0.12 Hf
Total 100.33 99.27 95.93 99.47
ST 1.995 1.964 1.813 1.952 UThY
APT T 0.005 0.036 0.187 0.048
AP Ml 0.156 0.182 0.112 0.192
Ti*" M1 0.011 0.002 0.052 0.002
Fdt Ml 0.002 0.071 0.162 0.064 0
Mg?' Ml 0.677 0.582 0.648 0.657 HIO, 1.5% Wang &
Fe* Ml 0.149 0.164 0.026 0.075 Griffin 2004
F?t M2 0.000 0.007 0.057 0.000
Mn?" M2 0.002 0.001 0.002 0.003
Ca®*t M2 0.827 0.771 0.750 0.793
Na*® M2 0.175 0.221 0.189 0.208
K* M2 0.000 0.000 0.002 0.006
Jd 0.156 0.183 0.119 0.193 Enami et al. 1993 Carswell et al.
Aecg 0.019 0.039 0.082 0.016 1996
Aug 0.825 0.777 0.799 0.792
. 3¢+ _
v —y 2 X Al Al + Ti+ Fe =0.212
0=6 Neumann 1976 Spear 1993 Oberti 1999 Xal >
Jd =AI" Na+Ca Acg = Na—AlY" Na+  0.25 Carswell 1996
Ca Aug =Ca Na+Ca Liouetal. 1997
Mn ALO;<
2% X\<0.1
Zhang 2005 3
TiO, TiO, 0.6%
~1.6% TiO, 0.05%
calcic pargasite - sodic-calcic
3 barroisite
CCSD
@®
H ThU Y
Wang & 2h

Griffin 2004

4
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Table 7 Average electron microprobe compositions of plagioclase in symplectite
13 19 DH3 DH9 3 25 DHI1
2 2 2 1 2 2 2
SiO, 59.28 64.36 64.55 64.22 66.76 65.75 66.46
TiO, 0.73 0.53 0.51 0.37 0.01 0.01 0.00
AlLOs 24.36 20.24 22.29 20.54 18.99 20.25 21.28
FeO” 0.76 0.52 0.19 0.26 0.83 0.34 0.62
MnO 0.04 0.02 0.04 0.02 0.00 0.00 0.00
MgO 0.15 0.00 0.03 0.61 0.78 0.61 0.39
CaO 5.77 0.55 2.75 3.42 2.73 3.34 4.21
Na,O 8.82 12.32 8.51 10.38 9.75 9.37 9.27
K,O 0.11 0.00 0.10 0.01 0.02 0.04 0.09
Total 100.02 98.54 98.97 99.83 99.87 99.71 102.32
Si 2.658 2.888 2.857 2.851 2.944 2.900 2.871
Ti 0.025 0.018 0.017 0.012 0.000 0.000 0.000
Al 1.288 1.071 1.163 1.075 0.986 1.053 1.083
Fe?? 0.028 0.019 0.007 0.010 0.031 0.012 0.023
Mn 0.002 0.001 0.002 0.001 0.000 0.000 0.000
Mg 0.010 0.000 0.002 0.040 0.052 0.040 0.025
Ca 0.277 0.027 0.130 0.163 0.131 0.157 0.195
Na 0.767 1.072 0.729 0.893 0.834 0.802 0.776
K 0.006 0.000 0.006 0.000 0.001 C\ 0.002 0.005
Or 0.006 0.000 0.007 0.000 0.001 0.002 0.005
An 0.264 0.025 0.150 0.154 0.136 0.163 0.200
Ab 0.730 0.975 0.843 0.846 0.863 0.835 0.795
* — 0=8 Or =K K+Cat+Na An =Ca K+Ca+Na Ab
=Na K+Ca+Na Si Mn
CCSD
1 CCSD 100~2 000 m
4.3
2
+
3
Ye 2002 + +
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