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Fig.1 Mushroom structure of the lithospheric mantle
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Fig.3 Constant depth cross section through the SE Asia—western Pacific upper mantle at six depths

The limits of the color scale X are shown in the upper right corner of each plot. The reference velocities are 4.4 km/s at
60—200 km, 4.48 km/s at 250 km, and 4.68 km/s at 350 km depth™
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Fig.4 Constant depth section through the SE Asia—western Pacific transition zone at two depths
The reference velocities are 5.14 km/s at 470 km depth and 5.35 km/s at 600 km depth. The four regions enclosed

by dashed and dotted red lines are cited from Tajima and Grand®, of which three regions are high—velocity ones

(dashed) and one has the normal velocities (dotted)
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Fig.6 Low—velocity lithosphere below SE Asia and the Western Pacific Ocean (tectonic base map from[22])

The red line is the boundary of the low—velocity lithosphere; and the hatched area is the Tibetan Plateau and its surrounding mountain
systems. Abbreviations: BG=Bohai Gulf; HF=Himalaya fold system;IB=Indochina block ; KB=Khorat basin (Khorat Plateau);
OB=Ordos basin (Ordos Plateau) ; RG=eastern North China rift; SB=Sichuan basin; SoB=Songliao basin; STB=Shan Thai block;
TP=Tibetan Plateau; YB=Youjiang block. Marginal sea basins and underwater plateaus,ridges,and trenches are outlined with bathymetric
contours. Double lines indicate spreading centers, active and extinct. (D—Amami Plateau ; @—Daito Ridge; G)—Oki—Daito Ridge;
@—Palau Kyushu Ridge;@—Urganeta Plateau;@—Benham Rise;@—Caroline Ridge;—Eauripik Ridge;@—Woodlark Basin
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Fig.7 Seismicity of the Western Pacific region
Color circles represent depth (in km). The distribution of seismicity
may be considered the distribution of a slab from the trench to the

deepest earthquake’s depth "
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Fig.8 Slab structure illustrated by vertical sections

A—Hellenic (or Aegean) arc;B—Southern Kurile arc; C—Izu—Bonin;D—Sunda arc (Java) ; E—Northern Tonga arc; F—Central America
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Fig.9 Christensen’s numerical modeling (Christensen, 2001).
Numerical modeling of the effects of the rate of trench retreat
on the plate behavior. The plate motion velocity is 5 cm/a™)

a—Trench migration 1 cm/a;b—Trench migration 3 cm/a;c—Trench

migration increase with time ;d—Trench migration 2 cm/a
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Fig.10 Numerical models illustrating different modes of mantle

return flow associated with continent—continent collision®
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Fig.11 Index map of seismic tomographic sections of the
Western Pacific
WAWB-—Seismic tomographic section drawn by Widiyantoro;
L1L2L3L4—Siesmic tomographic sections drawn by Liu Jianhua
(modified)
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Fig.12 Seismic tomographic sections A and B.

For the positions of the sections, see the index map of Fig. 11
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Fig.13 P—wave seismic tomographic sections across Japan (C), [zu—Bonin (D), Mariana (E) and Java (F)®!
Top: WEPP2 mantle models from Obayashi et al. (1997); Bottom: P97 models from van der Hilst et al*’. The number at the bottom
right corner of each model is the amplitude scale. Circles represent epicenters of earthquakes. Two parallel lines indicate 410 and 660 km

depth. For the cross section location, see Fig.11
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Fig.14 Seismic tomographic sections 1 to 5!

The P— and S—wave models are at the top and bottom respectively. Circles represent epicenters of earthquakes. Two parallel lines indicate

410 and 660 km in depth. The bottom of the diagram is 1700 km deep (Widiyantoro, personal comm.). For the section location, see Fig. 11
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Fig.15 AA’: seismic tomographic section across Ryukyu and Izu Bonin;BB’: seismic tomographic section across Mariannal*!

a—P—wave speed relative to ak135;b—S—wave speed relative to ask135
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Fig.16 Tomographic images of marginal seas of eastern China and the Western Pacific Ocean!
a—L1 across Japan Sea;b—L3 across the northern part of the Ryukyu arc and the Izu Bonin trench;
¢—L2 across the central part of the Ryukyu arc;d—L4 across the southern part of the Ryukyu arc
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Fig.17 Seismic wave velocity section across the Pacific!?
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Fig.19 3D tectonic map of Taiwan!*!
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Fig.20 Seismic tomographic section across the Jawa—Sumatera trench™!
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velocity zone of East Asia
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Fig.24 Diagram showing the process of producing the

geoid anomaly
The curves show the gravity potential at the crust—mantle and
mantle—core positions in the interior of the Earth and the

direction of mantle convection
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Fig.25 Reconstructed positions of the Indian and Southeast Asian blocks
(relative to stable Siberia) at 50, 40, 30, 15, 10 and 5 Ma®*!

The broken line in the figure denotes the boundary of the Asian continent before collision
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Mushroom structure of the lithospheric mantle and its genesis at depth:
revisited

YUAN Xue—cheng

(Development and Research Center, China Geological Survey, Beijing 100037, China)

Abstract ;: Analysis of geophysical data shows that there is no evidence for subduction of the Pacific plate beneath
the continent of present eastern China except the Jilin—Liaoning (Jiliao) area, Northeast China. The tremendous
change that has taken place in eastern China since the Mesozoic did not result from the subduction of the Pacific
plate beneath continental China but is a major geological event caused by the reworking of the lithospheric
mantle by mushroom structure formed by upwelling of asthenospheric materidals. The upwelling of
asthenospheric materials resulted in the formation of a structure of coexistence of the new mantle and remnant
mantle, reactivation of the lithosphere, folding of the crust of stable cratons, crustal thinning, repeated occurrence
of earthquakes, active magmatism, ground subsidence and formation of vast marginal seas of the western Pacific.
However, the thickness of the lithosphere did not decrease, and only the rate of lithospheric thinning decreased
owing to the formation of the mushroom structure of the mantle. As a result, the lithospheric structure in the
region is notably different from those in its surrounding regions. The region with the mushroom—shaped mantle
covers the western Pacific region of the whole of Southeast Asia, including the east —central part of Northeast
China, eastern North China, the southeastern margin of South China, Malaysia Peninsula, Indonesia, the
Philippine, the Sea of Japan, Yellow Sea, East China Sea, South China Sea, the Caroline basin and the Philippine
sea basin. There also exists a huge geodesic ellipsoidal positive anomaly corresponding to the low —velocity
lithospheric mantle in the western Pacific region of Southeast Asia, which should be caused by mass surplus at the
core—mantle boundary. It and its twin—the negative geodesic ellipsoidal anomaly caused by mass deficiency at the
core —mantle boundary in the Indian Ocean—Tibet region—form a deep —level dynamic system controlling the
structures of continental China. The age of this dynamic system might be Mesozoic or Late Paleozoic. The mantle
circulation between brought about a tremendous change of the lithosphere below the western Pacific of Southeast
Asia and drove the northward migration of the Indian plate and uplift of the Qinghai—Tibet Plateau.

Key words: East Asia;western Pacific;lithosphere ;mushroom structure
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