BuEELY B A ¥ I Vol. 11, No. 1
19954 2 R ACTA PETROLOGICA SINICA Feb. . 1995

T8 B TS = A
R RE B X

Rheological Features of Garnet Lherzolite
Xenoliths from Xinchang, Zhejiang Province,
China and their Geological Implications

WiEE M BRER KK
Lin Chuanyong, Shi Lanbin, Chen Xiaode and Zhang Xiao’ou

(EFATFEHFRE L 100029
(Institute of Geology, State Seismological Bureau, Beijing, 100029}

& SCH J-C. C. Mercier
Xu Yigang and }-C. C. Mercier

(EEERESLRFAAUHELRE)

(Laboratorie Petrologie Physique, Universite Paris-7, France)

J. V. Ross

(KX R LT ke RpER)
(Dept. OF Geological Sciencesy University of British Columbia, Canada)

m = WILHR BN ARG A aE U BRI SEM R T, 6 R RoREE B L B9 #
P, MEaawm o102 SEERR, WHoolMlonI2 KB AW HIFIE . BUNA oA 8 W UL R we i
WA SR G A AR | T R P R S S FR O EEAFEE . R IR0 B T A TR B R 12
$% 1150°C ~1210°CHI 2. 1~2. 4GPa. F I BRME R St MBS 1 4 22~30MPa, F 2 &R

« EXTF 10941 S0P, 199455 5 8 IHE.
BREA/EFESHNE ., PE-EE-MKKE R4 ERBITE.
R, N B 1004FEHE HRA MESFESL



56 & " ¥ 1 1995 4§

PR W0 AR SR W 510 1071~ 10" 157 10 ~10%Pa + 5, LRI ELIAT K
HEE. HEEAEHEAAZXGAHE SRS R RRR A PE, HEFIREY 68~78km, BRI
WA 37 4 AU SR X P 7 A O P UGB, TR R T i K UL i N R T B MU BRR AL

Abstract  The peridotite xenoliths in Cenozoic basalts in Xinchang, Zhejiang Province , China com-
prise both spinel and garnet lherzolites. The deformation features of Garnet lherzolites, such as textures,
fabrics, and dislocation substructures have been described in detail in this paper. They all reflect high tem-
perature deformation under upper mantle conditions dominated by dislocation creep mechanism. The equilib-
rium temperature and pressure of the garnet lherzolite as calculated using newly-developed geothermo-
barometers are 1150 C~1210°C, and 2. 1~-2. 4GPa, respectively, indicating that the depth of origin of the
xenoliths is 68~~78km. The differential stress calculated using microstructural piezometer is within the range
of 22~ 30MPa, while the strain rate and equivalent viscocity inferred from the power law creep of peridotite
are 107*~10""s 'and 10"~ 10"Pa, s, respectively. It is suggested that the garnet lherzolites should be
representative of the asthenosphere in this region, and there should be an asthenospheric diapir during Ceno-

zoic.
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Fig.1 Preferred orientation of clivine in garnet lherzolite xenoliths
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Table 1 Mictoprobe analysis of garnet lherzolite from Xinchang, Zhejiang Province

XCa XC-8 XC-14

"t |— ‘ :
0l En Di Gt o1 En Di Gt (¢} En Di Gy

Si0, 41.57 54.51 53.02 42,82 | 41.10 54.66 52.36 41.92 | 40.81 ‘ 54.82 52.97 42.28
TiO, 0. 00 0.21 0.55 0.22 0.02 0.18 0.48 0.20 0.03 0.21 0. 59 0,24
AlOs 0.03 4.91 6.72 23. 31 0.05 5.11 6.59 24.51 0.02 4. 80 6. 55 24.78
CrG; 0. 04 0-61 1.22 1.31 0. 06 0.70 1.22 1.57 0.07 0.58 1. 07 1. 37
FeO 9. 85 6,49 3.68 8.63 .79 6.27 3. 46 8.72 1122 6.74 3. 62 6. 66
MgO | 49.37 32.3%¢ 15.81 19.60 | 49.14 32.24 15.83 19.53 | 48.13 31.89 1574 17.91
CaO 0. 08 1.05 17. 74 5.48 0.08 1.10 17.56 5. 89 0.09 0. 98 18.18 6. 49
Na,0 0,01 0.19 1. 96 0.35 0.02 0. 02 1.88 0.42 0.00 0.17 1.87 0. 56
MnrO 0.16 0.1 0.16 0.26 0.08 0.11 0.07 0. 26 0.26 0.13 0.10 0.24
% 1101.51 100.63 99.90  99.90 ! 100.72 100.87 99.50 100.48, 100,77 100.48 100.72 100.84
Si 1.004 1.880 1.893 3.036 | 1.001 1.882 1.895 2.962 | 0.999 1.895 1,897 3.008
Ti 0.000 0.005 0.015 0.012 | 0.000 0.005 0.013 0.010 | 0,001 0,005 0.016 0.013
Al 0.001  0.199 0.283 1,948 | 0.001 0.208 0.281 2.042 | 0.001 0.195 0.276 2,069
Cr 0.001 0.017 0.0324 0,073 ] 0.001 0.01% 0.035 0.088 j 0.001 0.014 0.030 ©.077
Fe 0.199 0.187 0.110 ©0.512 | 0.199 0.180 0.105 ©.381 [ 0.230 0.194 0.108 0.394
Mg 1.778 1,665 0.846 2.072 | 1.784 1.654 0.854 2.067 [ 1.757 1.641 0.840 1.890
Cs 0.002 0,039 0.679 0.416 | 0.002 0.040 0.681 0,446 | 0.002 0.036 0,700 0,492
Na 0.000 0.013 0.135 0.048 | 0.001 0.014 0.132 0.057 | 0.000 0.0¢12 0.13¢ 0.077
Mn 0.003 0.003 0.006 0.016 | 0.002 0.003 0.002 0.016 § 0.005 0.004 0,003 40.014

HEi S &8 50w & A FMEa ke R ETF A TRF. K, Carswell and Gibb
(1987>iA 2%, Bertrand and Mercier (1985) B A B & iT#0 Nickel and Green (198501 #
SRBEHEEHATEL S A By RS, TR RIMEA RS RS TR .
EhHthEhBEEN —EE. BT Brey and Kohler (1990)#§1, Bertrand and Mercier
(1985) IR BLIHEAE T 1200C LA F A FAIREL, IR T BRE L. BN, 8 CwiRgd
THWHEREDT. Bit, XERALEIER Bertrand and Mercier (1985) 18 8 i+ Nickel and
Green (1985)ME#7it, BA K Brey and Kohler (1990 BB+ HABE BB A4
EHPERE., REAHCSENFEHEREGCA LRBETETE, AREHERE —FER
TFREGHERNEBET . B, B Kohler and Brey (1990)42 M TR HE Ca 7ERM G
MEMEGTHRBYHEST, AREATHE Ca SERFIRHTAE TS, FHiL
BIRERA. HHELERPFERIH.
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Table 2 Microprobe analysis of spinel lherzolite from Xinchang, Zhejiang Province
XC-15 XC-18 XC-13
e En Di , 0] Sp En Di 0l Sp En Di ol Sp
Si0g 56,15 53,44 41.25 0.03 54,97 52.37 41.55 0.10 55.74 -52.47 41.24 0.03
TiO. 0.11 0. 41 0.01 0.11 0.15 0. 45 0.03 0.25 0.13 0. 60 0.01 0.12
AigOa 4.42 6.32 0. 00 53.77 5.58 6. 81 0.03 53.18 4.52 6. 70 0. 00 57.99
Cr;0; 0.52 1.15 0.01 15. 84 0.57 ’ 0.92 0.02 13.42 0.34 0.73 0.01 9.78
Fe,0, 0. 00 0. 00 0.00 1.52 0. 60 0. 00 0. 00 3. 04 0. 00 0. 00 0,00 1. 56
FeO 6.10 2.47 9. 54 9.18 5.89 3.24 9.37 8. 59 6. 51 2. 65 10. 16 9. 34
MnQO 0.15 0.08 0.13 0.11 0.11 0. 10 0.13 0.11 0.16 0, 06 0.18 0.12
NiO 0.10 0. 05 0.41 0. 36 0. 10 0.0% 0.39 0.28 0.09 0.04 0,38 0.38
MgO | 33.61 15.17 49.95 20.58 | 32.49 16.19 49.77 20.66 | 32.94 14.74 4831 20.14
Ca0 0. 64 20,07 0. 04 0. 00 1. 04 18. 69 0.09 0. 00 0. 62 20, 22 0. 05 0.01
N&,O 0.10 1.93 0. 00 0. 00 0.16 1.49% .01 0.01 0.01 1. 83 0.01 0.02
B& [101.90 101.10 101.34 101.51 101.06 100.31 101.40 99.74 |101.08 100.04 100.95 99.80
Si 1.9014 1.8853 0.9973 0.0008 | 1.8775 1.8656 1.0024 0.06026 [ 1.9055 1.8735 1,0086 0.0008
Ti 0.0028 0.0109 0.0002 0.0021|0.0038 0.0121 ©.0005 0.0049 | 0.0033 0.0161 0. 0002 0. 0023
Al 0-1764 0,2628 0.0000 1.6403 | 0.2246 0.2859 0.0008 1.6466 | 0.1821 0.2819 ©.0000 1. 7.652
Cr 0.0139 0.0321 0.0002 0.3242 | 0.0154 0.0259 0.0004 ©¢.2787 | 0.0092 0.0206 0.0002 0.1997
Fel 0.0000 0.0000 0.0000 0.0296 | 0.0000 0.0000 0.0000 ©.0601 | 0.0000 0.0000 0,0000 0.0303
Fe2 0.1727 0.072% 0.1929 0.1987 | 0.1682 0.0965 0.1890 0.1887 | 0.1861 0.0791 0.2078 0.2017
Mn 0.0043 0.0024 0.0027 0.0024 | 6, 0032 0.0030 0.0027 0.0024 | 0.0046 ©,0018 0.0037 0.0026
Ni 0.0027 0.0014 0,0080 0.0075|0.0027 0.0014 0.0076 0.0059 | 0, 0025 ‘0. 0011 0.0075 oO. 0679
Mg 1. 6967 0.7978 1.8003 0.7942 | 1.6544 0.8598 1.7900 0.8092 | 1,6788 0.7846 1.7614 0. 7871
Ca 0.0232 0.7585 0.0010 0.0000 ! 0.0381 0.7133 0.0023 0.0000 | 0.022% 0.7735 0.0013 0. 0003
Na 0.0068 0.1320 0.0000 0.0000{ 0.0106 0.1029 0.0005 0,0005 ! 0.0007 0.1267 0. 0005 0. 0010
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®3 AIFB-RANEasNT %4 AEEETRNES BHRESH LNKESY
wiE B Ehit R Table 4 Rheological parameters of the upper mantle
Table 3 Calculations of equilibrium inferred from garnet lherzolite xencliths
temperature and pressure for lherzo- s T > D - . 7
lite xenoliths from Xinchang, Zhe- (C)Y (GP3) (km) (MPa) (s71) (Pa+s)
jlang Pravince ZXC-1 1170 2.28 73 25 1728107124, 823X 10"
: ZXC-8 1177 2.18 70 30 4.324 X107V 2 312X10"”
was T P b K 8 4. 8241 n "
(Cy (GPad (kmdFe: ZXC-14 1150 2.45 78 22 4.646X 107 1. 483X 10
ZN-8 1153 2.42 77 29  1.367X1071 6. 33810
& L & H ZN2-12 113t 2.13 69 27 7.274%107M 1, 237X 10%
zxcq 1170 228 731 ZN-20 1197 2.39 76 25 3.579X 10712 329X 10
1183 2.20 71 2
1177 2.18 70 1
ZXCE g5 220 Moz .
% %
y 1150 2.45 78 1 T Zxe-] Zxc-14
ZXCU 1165 240 77 2 *
20 20
. 1153 2.40 77 1
INE 91 240 772 wJ 10
1197 2.39 77 1
ZN-20"
1 . 0 1 t t —— 0 T I T — 4
2z 230 ™2 392 637 882 1127 294 4%0 586 882 1127
T 1131 2.13 69 1 Cpei) {um)
INEIZ® 115e 208 67 2
0, 0,
£ B B M # . # Zn-20
xc-8
980 1
- 20 20
ZXC-15 1025 2
1126 1 10 10
ZXCI6 545 2
940 1 o- o
ZXC-13 980 5 343 559 735 $31 1127 (pm) 392 637 882 1127 (um)
i. Bertr;nd and Mercier (1985) _MFIRA
i /Nickel and Green (1985} E f1ils 2. B2 SHEHEARMERENAETE
Brey and Kohler (1990) B Eif: 3. L f » Fig. 2 Histrogram of the distribution
SR TFREEES %R 08, of dynamically recrystallized grain sizes
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Fig.3 Paleogeotherm of the upper mantle

beneath eastern China constructed
based on the equilibrium temperature

and pressure of mantle xenocliths
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