Bulletin of Mineralogy Petrology and Geochemistry
Vol. 36 No. 1 Jan. 2017

550081

1 P584 :1007-2802( 2017) 01-0026-14  doi: 10.3969/j.issn.1007-2802.2017.01.004

Shear Deformation and Partial Melting: Principles Methods and Advances

ZHANG Bao-hua

Key Laboratory for High-Temperature and High-Pressure Study of the Earth’s Interior

Institute of Geochemistry Chinese Academy of Sciences

Guiyang 550081 China

Abstract: Differential stress is the primary driving force for various geological tectonic phenomena including seismic activity

formation and evolution of the Earth different dynamic processes and so on. Knowledge of the physicochemical properties of

partially molten rocks under the presence of differential stress is crucial to understand the deformation of various spheres of the

Earth mantle convection plate tectonic movement formation and evolution of the Earth. In this review firstly the principle

and method of the physical properties of the Earth’ s materials measured simultaneously at high-temperature and high—pressure

and differential stress are introduced. Secondly the latest progresses and some of important applications to problems of Earth sci—

ence are discussed based on the available deformation data on partially molten rocks. Finally the prospects and potential re—

search fields of physicochemical properties of the Earth’s materials under differential stress are presented.
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Fig.1 Deformation geometry
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Fig.2 Deformation apparatus
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Table 1 p-T ranges and merits and faults of some tipical high-pressure apparatus

p/GPa T/K
Griggs <2.0 <1500 Griggs( 1967)
Paterson <0.5 <1600 (P;T;ZZZIE (2010907)0) » Paterson
D-DIA <25 <2000 FV;E;YO,O) (12003); Kawazoe
X Yamazaki Karato ( 2001) ;
RDA <28 <2300 Girard  (2016)
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Fig.3 p-T conditions available in the deformation experiments

using various types of high-pressure deformation apparatus
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Table 2 Summary of experimental results of physical properties of partially molten rocks measured

under high-temperature and high-pressure and differential stress

T/K p/GPa
1475~ 1500 1.5 Axialdeformation Griggs Melt topology Jin  (1994)
+MORB 1423 2 Simple shear DIA Melt migration Soustelle  (2014)
+MORB 1473 0.3 Torsion Paterson Melt segregation King (2010)
+MORB 1473 0.3 Torsion Paterson Melt segregation King (2011a)
+MORB 1473 0.3 Torsion Paterson Surface tension King (2011b)
+ 1523 0.4~0.45 Simple shear Paterson Interconnectivity Bruhn  (2000)
+Fe-S 1473 ~1523 0.3 Axialdeformation Paterson Viscosity Hustoft (1 2007)
+Fe-S 1523~1533 0.3 Simple shear Paterson Melt segregation Hustoft  Kohlstedt( 2006)
+Au 1523 0.3 Simple shear Paterson Melt migration Groebner  Kohlstedt( 2006)
+MORB 1383~1579 0.3 Axialdeformation Paterson Diffusion creep Hirth  Kohlstedt( 1995a)
+MORB 1383~1579 0.3 Axialdeformation Paterson Dislocation creep Hirth  Kohlstedt( 1995b)
+basalt 473~1523 0.3 Axialdeformation Paterson Melt topology Daines  Kohlstedt( 1997)
+basalt 1373~ 1473 0.3 Axialdeformation Paterson Creep Mei  (2002)
1223~ 1423 0.3 Axialdeformation Paterson Creep Zhou (2012)
+basalt 1523 0.3 Simple shear Paterson Melt topology Zimmerman  ( 1999)
1373~ 1573 0.3 Axialdeformation Paterson Rheology Zimmerman Kohlstedt( 2004)
+MORB/ 1523 0.3 Simple shear Paterson Melt Segregation Holtzman  ( 2003a)
+MORB 1523 0.3 Simple shear Paterson Melt Segregation Holtzman ~ (2003b)
+MORB 1498 ~ 1556 0.3 Axialdeformation Paterson Creep Scott  Kohlstedt( 2006)
+MORB 1523 0.3 Simple shear Paterson Melt Segregation Holtzman ~ Kohlstedt( 2007)
+MORB 1473 0.3 Torsion Paterson Rheology Holtzman  (2012)
+MORB 1473 0.3 Torsion Paterson Pressure shadow Qi (2013)
723~873 0.15~0.2 Torsion Paterson Outgassing  viscosity Shields  (2014)

1450 0.3 Torsion Paterson Melt Segregation Kohlstedt  (2010)
+basalt 873~1473 0.3 Torsion Paterson Electrical conductivity Caricchi  (2011)
+basalt 1523~1723 1 Simple shear Griggs Electrical conductivity Zhang  (2014)
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Kohlstedt 1997; Zimmerman et al. 1999; Mei and RDA
Kohlstedt 2000a 2010b; Zimmerman and Kohlstedt
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