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Microstructures and Rheology of Harzburgites from Dongqiao, Northern Tibet

WANG Yong-feng', ZHENG You-ye’, JIN Zhen-min'

1. Faculty of Earth Sciences, China U niversity of Geosciences, Wuhan 430074, China
2. Faculty of Earth Resources, China University of Geosciences, Wuhan 430074, China

Abstract: The pendotite section of the Donggiao ophiolite is one of the few peridotite bodies exposed in Tibet, w hich may play an
important role in revealing the rheological properties of the upper mantle in this area. In this paper, the microstructural and rheo-
logical characteristics of harzburgites from Dongqiao are investigated. Microstructural analysis indicates that harzburgites exhibit
porphywdastic texture and undulose extinction and kink bands are common in olivine and orthopyroxene. The oxidation decoration
technique is used to examine the dislocation microstructure in olivine. The results show olivines are abundant in dislocation sub-
structures, including free dislocation; dislocation wall, which can be subdivided further into widely and closely spaced types; and
dislo cation bow and net, indicating that the deformation of olivine may be dominated by dislocation creep. Following the mi-
crostructural analysis, two deformation stages are recognized. The first is deformation due to slow upper mantle flow, w hich results
in a wide dislocation wall. The second is deformation related to the emplacement of ophiolite, which generates a closely spaced dis-
location wall. The average flow stress calculated is 39. 3 MPa (for the wide dislocation wall) and 113.9 MPa (for the closely
spaced dislocation wall) respectively. Based on Chopra and Paterson’ s olivine flow law, the creep rate estimates of the upper man-
tle in this area are 1. 13X 107 >=2.95< 10 "' s "and effective viscosity estimates are 4.44X 10'7—1.16X 10" Pa°s. All these
provide fundamental constraints on the rheological properties of the upper mantle in the Dongqiao area.
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Schematic map showing the study area ( Dongqiao) and distribution of ophiolite in northern Tibet
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Table 1 Bulkrock compositions and representative mineral analyses of harzburgite from Donggiao we' %%
. , TD0021 TD0024
TD0021 TD0024 (1984)
ol Opx ol Opx
Si0, 42.42 38.42 44.02 40. 64 58.45 41. 37 57. 81
TiO, <2 0.01 <2 0.01 0.01 <2 0.01 0 <0.01 0
ALO, 0.27 0.22 0. 64 0.02 0.16 <0.01 0.95
TFe,04 7.09 7.79 6. 60 - - - -
FeO 3.40 3.55 2. 81 7.47 4.79 7. 68 5.00
MnO 0.11 0.10 0.13 0.13 0.12 0. 13 0.12
MgO 39.77 42.12 45.00 51.37 35.74 50. 59 34.69
CaO 0.37 0.18 0. 66 < 0.01 0. 67 0.02 0. 88
NayO 0.13 0. 06 0.03 < 0.01 < 0.01 <<0.01 < 0.01
K,0 0. 02 0. 02 0.09 0.01 < 0.01 <<0.01 0
P,0s 0.01 0.01 - - - - -
NiO - - - 0.16 0. 02 0.16 -
Cr03 - - - 0.62 0. 82 0. 01 0.57
LOI 9.49 10. 92 - - - - -
99. 68 99. 84 99. 99 100. 44 100. 77 99. 98 100. 02
* .
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Fig.2 Petrofabric diagram of olivines
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Fig. 3  Representative histograms displaying the number of dislocation walls versus natural logarithm of the wall spacing
2
Table 2 Dislocation wall spacing and differential stress of olivine in Dongqiao
d/ "m 6/MPa d/ Pm 6/MPa
TD0019 10. 35 61 96. 6 22.99 17 43.5
TD0021 8.76 106 114.2 26. 80 35 37.3
TD0022 9.17 103 100. 1 26. 05 28 384
TD0024 7.37 30 135.7 26.24 7 381
8.91 113.9 25.52 39.3
2 2 2
. )
( L3. ( 3).
(1999) ) ( . 1989),
8 . Durham  (1977)
=104 .
5 : 0 (MPa);d
(#m),
5.1 (o) . ( 2,
(9) 8.91 Mm,
, 113. 9 MPa;
(Jin et al., 1989). 25. 52 Mm,
, 39.3 MPa.
\ ( ) ( MPa) ,
(1999) (18 ~75 M Pa) ,
(Green and Jin,
1987) , : :

2 5.2 (%) (M
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