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Beyond Plate Tectonics: What Do We Do in Structural Geology
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Abstract: The major progresses of the global tectonics and structural geology in the last 10 years are reviewed. The new
global tectonics that emerged three decades ago profoundly changed our understanding of the earth and its evolution. Plate
tectonics as a unifying theory of the earth mainly is connected with deformation, seismicity and volcanism within plate
boundaries. No comprehensive theory accounts satisfactorily for the driven force of plate motion and mechanism of mantle
convection. Many of the problems of plate boundary formation and inter-plate formation remain unanswered. Continental
lithosphere is significantly different from oceanic lithosphere in the aspects of composition, thickness and mechanical
strength. However, the plate tectonics is not applied to continental tectonics as well. Comprehensive study for rheology of
continental crust and the upper mantle is the best way in understanding continental structure and beyond plate tectonics.
Rheology is the liaison between geometry and dynamics of continental orogeny. Responses of continental lithosphere to
structuring, gravitation and thermodynamics largely depend on its rheological strength. Rheological strength of continental
lithosphere is closely connected with stratification and heterogeneity. The pervasive deformation and internal structure of
wide continental orogenic belts indicate non-rigid behavior. Continental tectonics and mechanical behavior are controlled by
strength that resides mainly in the crust rather than in the mantle. From the view of multi-layering and mechanical heteroge-
neity of continental lithosphere, it is time to abandon the sandwich model. Facing development trend of earth science system

and new thinking of geodynamics, multidisciplinary study on continental structure (orogenic belts) and promptly training
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outstanding talent is an urgent task.
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Fig. 1 Effect of water on mechanical strength of lithosphere



648

29

—_
EN
-
w

12

[
[\

(=3 R ]
w

2
Fig. 2 Outstanding talents of national science young foun-
dation
1. s . / / ;I . . IV,
3 V. ; VIL 3 VI s VI / 3
IX. / 3 X

( N

(critical-thinking)

(problem-solving)

3 21

€9 ,

References

Ahrens, T. J. , 1989. Water storage in the mantle. Nature,
342:122—123.

Bai, Q. ,Kohlstedt, D. L. ,1992. Substantial hydrogen solubil-
ity in olivine and implications for water storage in the
mantle. Nature,357.672—674.

Bascou, J. , Barrual, G. , Vauchez, A. , et al. , 2001. EBSD-
measured lattice-preferred orientations and seismic
properties of eclogites. Tectonophysics,342:61—80.

Bell,D. R. ,Rossman, G. R. ,1992. Water in the earth’s man-
tle: The role of nominally anhydrous minerals. Science,
255:1391—1397.

Burg,]J. P. ,Ford,M. ,1997. Orogeny through time: An over-
view. In: Burg, J. P. , Ford, M. , eds. , Orogeny through
time. Geological Society of London, London, UK, 1 —
17.

Chopin, C. ,2003. Ultrahigh-pressure metamorphism: Tracing
continental crust into the mantle. Earth Planet. Sci.
Lett. ,212.1—14.

Drury, M. R. , Vissers, R. , 1991. Shear localization in upper
mantle peridotite. Pure and Applied Geophysics, 137
(4) :439—460.

Gao,S. ,Jin,Z. M. ,1997. Delamination and its geodynamical
significances for the crust-mantle evolution. Geological
Science and Technology Information,16(1):1—9 (in
Chinese with English abstract).

Green, H. W. , Dobrzhinetskaya, L. , Bozhilou, K. N. , 2000.
Mineralogical and experimental evidence for very deep
exhumation from subduction zones. Jowrnal of Geody-
namics ,30:61—76.

Guo, A. L. , Zhang, G. W. , Cheng, S. Y. , 2004. Beyond plate



649

tectonics—Review on the opportunity for continental
geology research. Progress in Natural Science,14(7):
729—733 (in Chinese with English abstract).

Hollister, L. S., Cranford, M. L. , 1986. Melt enhanced de-
formation: A major tectonic process. Geology,14:558 —
561.

Hwang,S. L. ,Shen,P. Y. ,Chu, H. T. , et al. , 2000. Nanom-
eter size a-P,O; type in garnet: A thermo-barameter for
ultra-high-pressure metamorphism. Science, 288: 321 —
324.

Jackson,J. A. , Austrheim, H. , Mckenzie, D. , et al. , 2004.
Metastability, mechanical strength and the support of
mountain belts. Geology,32(7) :625—628.

Jackson, J. ,2002. Faulting, flow and the strength of the con-
tinental lithosphere. International Geology Review ,44 :
39—61.

Jackson, J. . 2002. Strength of the continental lithosphere:
Time to abandon the Jelly Sandwich GSA Today ,Sep-
termber,4—10.

Jin,S. Y. ,1997. Seismic anisotropy of continental lithosphere
and dynamical implications. In; Zhang, B. X. , Hong, D.
W. ,Wu,X. Z. ,eds. , Modern methods of study for lith-
osphere. Publishing House of Atomic Energy, Beijing,
79—88 (in Chinese).

Jin,Z. M. , 2001. Curriculum innovation of earth sciences in
the university of Minnesota and its implications. Jour-
nal of China University of Geosciences (Social Science
Edition),1(1):57—61 (in Chinese).

Jin,Z. M. ,Gao, S. , 1996. Underplating and its geodynamical
significances for the crust-mantle evolution. Geological
Science and Technology Information,15(1):1—7 (in
Chinese with English abstract).

Karato, S, L. ,Wu,P. ,1993. Rheology of the upper-mantle; A
synthesis. Science,260:771—778.

Kay,R. ,Kay, S. ,1993. Delamination and delamination mag-
matism. Tectonophysics,219:177—189.

Kohlstedt,D. L. , Evnns, B. , Mackuell, S. T. , 1998. Strength
of the lithosphere-constraints by laboratory experi-
ments. J. Geophys. Res. ,100(B) :17587—17602.

Kohlstedt,D. L. , Zimmerman, M. E. ,1996. Rheology of par-
tially molten mantle rocks. Annu. Rev. Earth Planet.
Sci. ,24:41—62.

Maggi, A. , Jackson, J. A., Mckenzie, D. , et al. , 2000a.
Earthquake focal depths, effective elastic thickness, and
the strength of the continental lithosphere, Geology,28:
495—498.

Maggi, A. ,Jackson,]. A. , Priestley, K. , et al. , 2000b. A re-

assessment of focal depth distribution in southern Iran,

the Tien Shan and northern India: Do earthquake really

occur in the continental mantle Geophys. Res. Lett. ,
143.629—661.

McNamara,D. E. , 1994, Shear wave anisotropy beneath the
Tibetan plateau. J. Geophys. Res. , 99 (B): 13655 —
13665.

Newton, R. C. , 1989. Metamorphic fluids in the deep crust.
Ann. Rev. Earth Planet. Sci. ,17:385—412.

Pili, E. , Richard, J. M. , 1997. Lithospheric shear zone and
mantle-crust connections. Tectonophysics, 280 (1 —2) .
15—29.

Prior,D. J. . Boyle, A. B. , Brenker, F. , et al. , 1999. The ap-
plication of electron back-scatter diffraction and orienta-
tion contrast image in the SEM to textural problems in
rocks. American Mineralogist ,84:1741—1759.

Prior,D. J. , Wheoler, ]. . Brenker, F. E. , et al. ,2000. Crystal
plasticity of natural garnet: New microstructural evi-
dence. Geology,28:1003—1006.

Rosenbergs, C. L., 2001. Deformation of partially molten
granite: A review and comparison of experimental and
natural case studies. Int. J. Earth Science (Geol. Rund-
sch),90.60—76.

Ribe,N. M. ,1992. On the relation between seismic anisotro-
py and finite strain. J. Geophys. Res. ,93(B36) :8737—
8747.

Richards, M. A., Gordon, R. G., Van der Hilst, R., D.,
2000. The history and global plate motions. Geophysical
Monograph Series, American Geophysical Union, Wash-
ington, DC,1—398.

Seber, D. , Barasangi. M. , Ibenbrahim, A. , et al. , 1996. Geo-
physical evidence for lithospheric delamination beneath
the Alboran sea and Rif-Betic mountains. Nature, 379 .
785—790.

Silver, P. G. , Chan, W. W. ,1998. Implication for continental
structure and evolution from seismic anisotropy. Na-
ture,375:34—39.

Sun,C. Q. ,Qu,S. S. ,2002. Status and trends of the interna-
tional earth science studies. Advance in Earth Sciences ,
17(3) :344—347 (in Chinese with English abstract).

Thomson, A. B. ,1992. Water in the earth’s mantle. Nazure,
358:295—302.

Van der Hilst, R. , Engdahl, R. , Spakman. W. , 1991. Tomo-
graphic imaging of subducted lithosphere below north-
west Pacific islands arc. Narure,353:37—43.

Van der Hilst, R. , Widiyantro, S. , Engdanl, R. , 1997, Evi-

dence for deep mantle circulation from global tomo-



650

29

graphy, Nature,386 ;578 —584.

Vissers, R. , Drury, M. R., 1995. Mantle shear zones and
their effect on lithosphere strength during continental
breakup. Tectonophysics,249(3—4) :155—171.

Wang, P. X., 2002. Crossing the Earth’s sphere—On the
“FEarth systemic process” meeting in Edingburg. Ad-
vance in Earth Sciences, 17 (3):311— 313 (in Chinese
with English abstract).

Wernicke, B. ,Clayton, R. , Ducea, M. , et al. , 1996. The ori-
gin of high mountain in the continents, the southern Si-
erra Nevada. Science,271:190—193.

Xia,Q. K. ,Chen,D. G. . Zhi, X, C. ,1999. Research progress
in structural water in nominally anhydrous mantle min-
erals. Advance in Earth Sciences,14(5) :452—457 (in
Chinese with English abstract).

Xu,S. , Okay, A. L. ,Ji, S. , et al. , 1992. Diamond from the
Dabie Shan metamorphic rocks and its implication for
tectonic setting. Science,256:80—82.

Yang, X. S., Jin, Z. M. , 1999. Relationship between intra-
crustal partial melting and thickening of Tibetan plateau
crust. Geological Science and Technology Informa-
tion »18(1) :24—29 (in Chinese with English abstract).

Zhang,]. F. , Green, H. W. , Bozhilov, et al. , 2004. Faulting
induced by precipitation of water at grain boundaries in
hot subducting oceanic crust. Nature,428:633—636.

Zhang, J. F., Jin, Z. M., Green, H. W., et al., 2001.
Hydroxye in continental deep subduction zone: Evidence
from UHP eclogite of the Dabie mountains. Chinese
Science Bulletin ,46(7):591—>596.

Zhao,W. X. ,Hu, Y. X. ,Xia,F. ,et al. ,2004. K-rich larnellar

exsolution in clinopyroxene: Constraint on the depth of

peridotite source at Zhimafang. Chinese Science Bulle-
tin ,49(7) . 711—"715.

Zhou, X. M. ,Li, W. X. ., 2000. Origin of Late-Mesozoic igne-
ous rocks in southeastern China: Implications for litho-
sphere subduction and underplating of mafic magmas.
Tectonophysics,326.269—287.

Zhu,Y. F. , Ogasawara, A. Y. , 2002. Phologpite and coesite
exsolusion from super-silicic clinopyroxene. Interna-

tional Geology Review,44.831—836.

) ,1997. (Delamination) —
,16(1): 1—09.
, s , 2004, —
L14(7) . 729—733.
,1997.
, ,79—88.
,2001.
( ), 1(1): 57—61.
s , 1996. (underplating) —
. ,15(1) . 1—7.
s ,2002.
L17(3) : 344—347.
,2002. s — ”
, 12(3): 311—313.
s s , 1999.
L 14(5) . 452—457.
s , 1999.

218(1): 24—29.



