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Abstract

Long-term couplings between the subducting and overlying plates are very important to understanding plate tectonics, in
particular intraplate evolutions. Geological records of this coupling however, are usually not well preserved. Here we show a good
example in eastern China where Cretaceous tectonic evolution matches remarkably well with the drifting history of the Pacific
plate. The most pronounced phenomenon is that the eastern China large-scale orogenic lode gold (Au) mineralization occurred
contemporaneously with an abrupt change of ~80° in the drifting direction of the subducting Pacific plate, concurrent with the
formation of the Ontong Java Plateau. Given that lode Au deposits usually form at the onset of compressional or transpressional
deformations, the Au deposits dated the major tectonic change from extension to transpression in eastern China, coherent with the
subduction regime. The Cretaceous drifting history of the Pacific plate also tallies with other major geological events in eastern
China, e.g., the evolution of the Tan-Lu fault and magmatic activities, suggesting that the major geological events in eastern China
in the Cretaceous were mainly controlled by the subduction of the Pacific plate, and that plate interactions during subduction are
important driving forces for geological evolution in eastern China and intraplate tectonics in general.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction one of the most important driving forces for intraplate

tectonic events. Therefore, it is crucial for understanding

Plate interaction along subduction zones usually
cause deformations of overlying crusts as shown in the
Andes (Sobolev and Babeyko, 2005), which is perhaps
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intraplate tectonic evolution. Studies on this interaction
however, are limited by the lack of complementary
geological records: one partner of this coupling-pair, the
oceanic plate, generally vanishes during subduction,
such that consequent geological records are usually not
preserved. From this point of view, the long-term
correspondence between the well-preserved drifting
history of the Pacific plate since the Cretaceous and
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Fig. 1. Sketched maps for (a) eastern China showing the evolution of stress field along the Tan-Lu Fault (modified after refs Zhang et al., 2003c;
Huang et al., 2005), (b) the drifting history of the Pacific plate since Cretaceous (modified after Koppers et al., 2001). Several basins were formed on
both sides of the Tan-Lu Fault during the north—southward extension before the middle Early Cretaceous (~ 125 Ma), e.g., Hefei, Jiaolai and Luzong
Basins (Wang et al., 2006). The extension was replaced by north—southward and then southeast—northwestward transpressions, which affected both
Laiyang Group and Qinshan volcanic rocks, and lasted for several million years (Zhang et al., 2003c). The drifting direction of the Pacific plate has
changed several times since 140 Ma (Koppers et al., 2001; Sharp and Clague, 2006). The first major event occurred at ~ 125-122 Ma, when the
drifting direction changed by ~ 80° from roughly southward to northwestward.

the geological events in eastern China provides a
valuable example to assess the effect of subducting
plates on the evolution of the overlying continental
crust. It also provides new insight into the tectonic
evolution of the eastern Eurasian continent, e.g., the
evolution of the Tan-Lu Fault, the mechanism behind
lithosphere thinning and the Cretaceous giant igneous
event (GIE) in eastern China.

2. Eastern China and Pacific subduction

Eastern China became an active continental margin
before Jurassic (Zhou and Li, 2000; Li and Li, 2007).
From Late Jurassic to Cretaceous, it was proposed that
this margin was related to the subduction of the Pacific
plate (Xu et al., 1987; Zhou and Li, 2000; Zhu et al.,
2005; Zhou et al., 2006) in the south, concurrent with

oblique subduction of the Izanagi plate in the north
(Maruyama et al., 1997). Eastern China is well known
for the removal of subcontinental lithosphere mantle and
the Cretaceous GIE (Griffin et al., 1998; Xu, 2001; Gao
et al., 2004; Wu et al., 2005a), which have been
interpreted by different models, ranging from extension
(Xu et al., 1987, Li, 2000) and subduction-related
transpression (Xu et al., 1987; Zhou and Li, 2000; Zhou
et al., 2006) to thermal erosion (Xu, 2001) and crustal
delamination/foundering (Gao et al., 2004; Wu et al.,
2005a), etc.

Detailed studies show that the stress field along the
Tan-Lu Fault, the largest fault cutting across the
northeastern Eurasian continent, experienced several
major changes in the Cretaceous (Zhang et al., 2003c).
In the Early Cretaceous (from ~140 to ~125-122 Ma),
eastern China was dominated by roughly north—
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southward extension and rifting, with a series of basins
developed during this period in eastern China (Fig. 1).
Some of these extensional basins are well known
volcanic basins with abundant volcanic and intrusive
rocks (Chen et al., 2001; Xie et al., 2003; Guo et al.,
2005; Wang et al., 2006), and corresponding ore
deposits (Pan and Dong, 1999; Mao et al., 2006)
(Fig. 2). For example, magmatisms in Cretaceous basins
(e.g., Lu-Zong, Ning-Zhen) in the lower Yangtze region
started at ~140 Ma (Chen et al., 1991; Wang et al.,
2006), with abundant Cu, as well as Ag, Au, Pb, Zn, Mo
mineralizations (Pan and Dong, 1999; Zhou et al., 2000;
Sun et al., 2003; Wang et al., 2004; Mao et al., 2000).
Volcanic rocks in these basins ceased at ~ 125 Ma (Wang
et al., 2006; Wang et al., 2007) (Fig. 3). In the north
China Craton, Early Cretaceous magmatism associated
with extension environment, the so called GIE, is
systematically younger, with a peak at 125 Ma (Wu
et al., 2005a) (Fig. 3). In the late Early Cretaceous (from
~125-122 Ma to ~ 110 Ma), the extension was replaced
by southeast—northwestward transpression (Zhang
et al., 2003c), and magmatism in east China generally
ceased during this period (Li, 2000). Interestingly, the
cessation of magmatism is more complete in the lower
Yangtze region (Fig. 3). Several million years later, the
stress field in eastern China switched to roughly east—
westward pull-apart (Zhang et al., 2003¢c; Wang et al.,
2005) (Fig. 1), and extension-related magmatism
resumed (Li, 2000).

Remarkably, the major changes of the Pacific plate in
the Early Cretaceous coupled surprisingly well with
geological events, the adjustment of the stress field and
magmatisms in eastern China (Fig. 1). The drifting
direction of the subducting Pacific plate changed several
times as shown by tracks of ocean island chains (Wessel
and Kroenke, 1997; Koppers et al., 2001; Koppers et al.,
2003). It first moved roughly towards south (from ~ 140 to
~125—-122 Ma), as shown by the Shatsky Rise and
Typhoon island chains, which matches the southward
extension and rifting in eastern China (Koppers etal., 2001;
Koppers et al., 2003). Suddenly, it turned by ~80°, drifting
northwestward at ~125—122 Ma as indicated by Hess Rise
and Japanese island chains (Koppers et al., 2001; Koppers
et al., 2003). This is consistent with changes in the stress
field in eastern China from extension to transpression
(Fig. 1). Later on (from ~110 to ~100 Ma), the subduction
direction changed to the southwest as indicated by the Hess
Rise, which bends by ~30° (Fig. 1). Another major change
occurred at ~100 Ma, the drifting direction of the Pacific
plate changed by ~75°, forming island chains of Went-
worth, Musicians, etc (Fig. 1) (Koppers et al., 2001;
Koppers et al., 2003). After the collision between Indian
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Fig. 2. (a) Distribution of Cretaceous magmatisms and gold
mineralization in eastern China (Modified after Zhou and Li, 2000;
Meng, 2003; Wu et al., 2005b). (b) Distribution of lode gold ore deposits
in eastern Shandong (modified after Yang et al., 2003; Mao et al., 2005).
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Fig. 3. Recent high precision dating results for the Cretaceous giant igneous event in eastern China. (a) east part of the North China Craton; (b), Lower
Yangtze region. Only high precision SHRIMP and LA—ICP—MS zircon U—Pb ages, TIMS zircon U-Pb ages and *°Ar/*’Ar ages are included. Major
data sources: (Li, 2000; Miao et al., 2002; Li et al., 2003; Guo et al., 2004; Liu et al., 2005; Mao et al., 2005; Wu et al., 2005a). The precisions are
generally better than 1% (20) for most **Ar—°Ar ages, whereas those for SHRIMP dating are better than 2% (20).

and Eurasian continents (Beck et al., 1995), the drifting of
the Pacific plate changed to the present day direction
(~50 Ma) (Sharp and Clague, 20006) (Fig. 1).

3. The golden transformation

The first and most significant transformation in the
drifting direction of the Pacific plate in the Cretaceous
occurred between ~120 (Koppers et al., 2003) to
~125 Ma (Wessel and Kroenke, 1997; Koppers et al.,
2001), when it changed by ~80° from roughly
southward to northwestward (Fig. 1). The uncertainty

of the transformation ages (5 Ma) is partly because the
widths of ocean island volcano chains are usually more
than 100 km, such that it takes more than 2 Ma for the
drifting plate to move out of the old track and form an
obvious new track at a moderate drifting rate of 5 cm/yr.
Therefore, the real turning time of the Pacific plate is
probably close to the upper end of the reported ages (i.e.
122—125 Ma). This is exactly the time when the stress
field in eastern China changed from extension to
transpression (Fig. 1) as well as corresponding geolog-
ical events, e.g., extension-related magmatisms as well
as the Cretaceous GIE in the North China Craton ceased
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(~122 Ma) (Li, 2000), large scale lode gold mineraliza-
tions in eastern China occurred (125-120 Ma) (Li et al.,
2005; Yang and Zhou, 2001).

Lode gold mineralization in eastern China is widely
distributed in the Triassic Qinling—Dabie—Sulu and the
Permian Inner Mongolia—Daxinganling (Ren et al., 1987)
orogenic belts, surrounding the Precambrian basement of
the North China Craton (Zhai et al., 2002; Zhang et al.,
2003a,b; Yang etal., 2003; Chen et al., 2005). The lode Au
ore bodies are structurally controlled by sets of regionally
consistently oriented faults that cut through the Precam-
brian basement, as well as Late Jurassic to Early
Cretaceous (165-125 Ma) granitoid intrusions (Wang
et al., 1998; Yang et al., 2003). Although a number of
models have been proposed for the eastern China Creta-
ceous gold mineralization (Yang et al., 2003), these ore
deposits are generally regarded as typical orogenic lode Au
deposits (Wang et al., 1998; Groves et al., 1998; Goldfarb
et al., 2001). Given this and that all the deposits have
similar hosting structures and deposit characteristics, they
have been considered as “essentially a single event” (Wang
et al., 1998). Based on the ages of the youngest granitoid
intrusions, it has been proposed that these lode Au ore
deposits formed between 120—125 Ma (Wang et al., 1998;
Qiu et al., 2002), which is consistent with direct dating on
the lode minerals (Yang and Zhou, 2001).

Mesothermal lode Au deposits are usually formed
during compressional or transpressional deformations,
and are typically associated with low displacement
faults and shear zones that are controlled by, and
clustered adjacent to, large strike-slip structures (Gold-
farb et al., 2001; Cox and Ruming, 2004; Micklethwaite
and Cox, 2004). Studies show that such ore minerali-
zation usually occurs within a very short period of time
after the faults are created, called “golden aftershocks”
(Cox and Ruming, 2004), because fluid fluxes are
usually localised in the hosting faults and shear zones
that are actively deforming and thus more permeable.
Therefore, the age of the ore hosting transpressional
faults in eastern China should essentially be the same as
that of the ore deposits, concurrent with the onset of the
major transformation in the subduction direction of the
Pacific plates.

A plausible interpretation is that when the subduction
direction of the Pacific plate changed by ~80° at ~125—
122 Ma, the regional tectonic stress fields changed from
extensional to transpressional in eastern China, subse-
quently forming transpressional faults (Fig. 1) and
releasing ore forming fluids.

The source of the ore forming fluids is still not clear.
Given subduction related environments are usually more
oxidizing (Brandon and Draper, 1996; Parkinson and

Arculus, 1999; Parkinson et al., 2003; Sun et al., 2007),
whereas high oxygen fugacity (Mungall, 2002; Wyborn
and Sun, 1994; Sillitoe, 1997; Sun et al., 2004) and high
degree evolution of magmas are favourable conditions
for Au and Cu ore deposits (Sun et al., 2004), the ore
forming fluids probably have been formed during plate
subduction.

It has been proposed that the subduction of the
Pacific Plate may have played an essential role (Gold-
farb et al., 2001). The large scale lode Au deposits in
eastern China however, distribute mainly along Triassic
Qinling—Dabie—Sulu and the Permian Inner Mongolia—
Daxinganling orogenic belts, but does not match the
subduction boundary of the Pacific Plate. Therefore, the
most likely candidate for ore forming fluids is collisions
and precursive subductions along the Qinling—Dabie—
Sulu orogenic belt (Li et al., 1993; Sun et al., 2002a,b;
Zheng et al., 2003; Zhai and Liu, 2005; Xiao et al.,
2006) and the Permian Inner Mongolia—Daxing’anling
(Xiao et al., 2003; Zhang et al., 2007).

The first major transformation of Pacific drifting was
also roughly coincident with the Cretaceous GIE in
eastern China (Fig. 2) (Li, 2000; Miao et al., 2002; Guo
etal., 2004; Liu et al., 2005; Mao et al., 2005; Wu et al.,
2005a), which was taken to speculate a close relation-
ship between subduction of the Paleo-Pacific plate and
major geological events in eastern China (Wu et al.,
2005a). GIE represents the Early Cretaceous magmatic
event in the northeast part of the North China Craton and
northeastern China, with an average age of ~125 Ma
(Wu et al., 2005a). The formation of the GIE is not yet
well constrained. Nevertheless, the occurrence of A-
type granite, dolerite dyke swarms and metamorphic
core complexes indicate that these rocks were all
emplaced in an extensional setting (Wu et al., 2005a).
Therefore, although the average age of GIE is close to
the age of “golden transformation”, it predates the latter.

Interestingly, the stress field in eastern China was
first changed from extension to north—southward
transpression at ~125 Ma, which then changed to
southeast—northwestward transpression shortly after
(Fig. 1) (Zhang et al., 2003c; Zhang et al., 2005;
Zhang et al., 2006). These facts imply that the original
force that changed the drifting direction of the Pacific
was probably from the south. The interaction between
the Pacific plate and the Eurasian continent finally
resulted in northwestward drifting/subduction of the
Pacific plate (Fig. 1). This is an important clue for
understanding the driving force behind drifting transi-
tion of the Pacific plate.

Abrupt and significant change in the subduction
direction of the Pacific plate required huge energy,
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Fig. 4. The location of Pacific and Izanagi plates relative to eastern China at ~ 125 Ma, modified from (Maruyama et al., 1997). The mid-ocean ridge
between these two plates at ~ 125 Ma is shifted northward by ~ 1000 km compared to previously proposed, based on the relationships between
geological events in eastern China and the drifting histories of Pacific and Izanagi plates.

which presumably should have left other “marks” on the
Earth. Among all Early Cretaceous events, the large
igneous provinces, Ontong Java and Kerguelen
Plateaus, are the most likely candidates that could
have changed the subduction direction of the Pacific
plate. The major eruption of Ontong Java occurred at
about 122 to 125 Ma (Larson, 1997; Phinney et al.,
1999), which matches very well with the major
transformation of the subduction direction of the Pacific
plate, whereas the eruption of Kerguelen large igneous
province started at ~130 Ma, with enhanced eruption
rates at ~120 Ma (Coffin et al., 2002).

The most straightforward model is that the plume
heads of Ontong Java and Kerguelen have considerably
elevated the south Pacific plate and changed its drifting
direction and consequently changed the tectonic regime
of eastern China.

4. Discussion

4.1. Correspondence between the drifting directions of
the Pacific plate and geological events in eastern China

All major changes in the drifting direction of the
Pacific plate in the Cretaceous mechanically match the
tectonic evolution and magmatism in eastern China. The
Pacific plate moved roughly towards south before
~125-122 Ma, with drifting direction nearly parallel
to the east boundary of the Eurasian continent (with an
angle of ~10°) (Fig. 1). Paleomagnetic results indicate
that the cores of the South (Zhu et al., 2006) and North

China blocks (Gilder and Courtillot, 1997) were fairly
stable during the Cretaceous, such that the Pacific plate
drifted southward relative to the South and North China
blocks. In addition, there was no big continent to the
south of eastern China, leaving it with a free boundary in
the south, the subduction of the Pacific plate produced
shearing force within the overlying continent, which can
plausibly explain the roughly south—northward exten-
sion and rifting in the early to middle Early Cretaceous
(Fig. 1), clockwise rotations in the east margin of the
North China Block (Liu et al., 2005), extension-related
magmas (> 122 Ma) (Chen et al., 1991; Li, 2000; Chen
et al., 2001; Wu et al., 2005a; Wang et al., 2006), and
corresponding ore genesis (Pan and Dong, 1999; Zhou
et al., 2000; Sun et al., 2003; Wang et al., 2004; Mao
et al., 2000).

The subduction direction changed by ~80° at ~125—
122 Ma and persisted till ~110 Ma (Fig. 1). Because the
drifting direction is roughly perpendicular to the east
boundary of eastern China continent, and there was a big
continental block to the north and west of eastern China
(the Eurasian continent), this big conversion corre-
sponds very well to the transformation from extension to
transpression in eastern China as suggested by the
formation of Au lode ore deposits (Wang et al., 1998;
Yang and Zhou, 2001) and sinistral slip along the Tan-
Lu fault zone (Zhang et al., 2003c) and the cessation of
extension-related magmas during this period (Li, 2000).

The transpression only lasted for several million
years before east—westward extension started, as
represented by the opening of pull-apart basins, likely
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indicating the start of backarc extension (Fig. 1). From
~110 to ~100 Ma, the subduction direction changed by
~30° (Fig. 1), which somehow did not significantly
change the stress field in eastern China, with backarc
extension lasting till ~100 Ma. The reactivation of
extension-related magmatism during ~109 to 101 Ma
(Li, 2000) was probably due to the backarc extension.

At ~100 Ma, the subduction direction changed again
by ~75° (Fig. 1). Correspondingly, magmatic activities
dramatically declined (Li, 2000). The last big transfor-
mation occurred at ~50 Ma, likely due to the collision
between Indian sub-continent and Eurasian continent.
This transformation had considerably less effects on
eastern China, probably due to the opening of Japan Sea
and other back-arc basins in the western Pacific (Taira,
2001).

There were two oceanic plates to the east of the
Eurasian continent, the Pacific and the Izanagi plates
(Maruyama et al., 1997). It has been proposed that the
Pacific plate started to subduct underneath Eurasia as
early as Jurassic (Xu et al., 1987; Zhou and Li, 2000;
Zhu et al., 2005; Zhou et al., 2006; Li and Li, 2007).
Izanagi located to the north of the Pacific plate, which
also was obliquely subducting (northwestward) under-
neath the Eurasia continent (Maruyama et al., 1997). In
contrast to the close association between the Pacific
plate and eastern China, the Izanagi plate drifted
northwestward, without major changes in drifting
direction that were mechanically correspondent to
major geological events in eastern China. Therefore,
the mid-ocean ridge between these two plates was
probably located to the north of the North China Craton
at ~125-122 Ma (Fig. 4), which is ~1000 km further
north than previously proposed (Maruyama et al., 1997).

4.2. Lithospheric destruction, Cretaceous large igneous
event and Pacific subduction

Eastern China is well known for its removal of the
lithospheric mantle (Menzies et al., 1993; Griffin et al.,
1998; Xu, 2001; Wu et al., 2003; Gao et al., 2004).
Diamond inclusions, xenoliths and minerals in kimber-
lites indicate a thick (> 180 km), cold and refractory
lithospheric keel beneath eastern China until the Palaeo-
zoic. By contrast, xenoliths hosted in young basalts
suggest the presence of thin (< 80 km), hot and fertile
lithosphere in the Cenozoic (Menzies et al., 1993; Griffin
et al., 1998; Xu, 2001; Gao et al., 2002; Wu et al., 2003;
Gao et al., 2004). The mechanism for lithospheric
destruction in eastern China is still controversial. It was
first attributed to the collision of Indian and Eurasian
continents, about 40 Ma ago (Menzies et al., 1993) and,

then to the Mesozoic—Cenozoic subduction of the Kula-
Pacific Plate or the Triassic collision between the North
China and Yangtze Cratons (Griffin et al., 1998; Gao et
al., 2002). The subduction of the Pacific plate during the
Mesozoic was also proposed to be a main cause of
lithospheric removal (Wu et al., 2003).

The Cretaceous GIE in eastern China (Fig. 2) is
another major geological event. Considering that the
lithospheric removal is usually accompanied by coeval
magmatism (Kay and Kay, 1993), and there was major
lithospheric destruction in eastern China sometime
between Jurassic and Cretaceous (Xu, 2001), it has
been proposed that the Cretaceous GIE was probably
related to coeval lithospheric delamination/foundering
in eastern China, which was possibly promoted by
major superplume activity associated with global-scale
mantle upwelling (Wu et al., 2005a; Zhao et al., 2007).

Given the Cretaceous GIE ceased when the tectonic
regime in eastern China changed from extension to
compression, corresponding to the major transformation
in the subduction direction of the Pacific plate, extension
and crust thinning in eastern China induced by the
roughly southward oblique subduction of the Pacific
plate is considered here to be the most likely driving force
for the Cretaceous GIE. Large scale extension and crust
thinning would certainly disturb the asthenosphere due to
load adjustment, resulting in decompressional melting of
the asthenosphere and interactions between the litho-
sphere and the hot asthenosphere as well as melts. This
kind of magmatic activity ceased when the tectonic
regime changed to compressional and, consequently crust
thinning stopped, at ~125-122 Ma.

In addition to subduction induced extension and
lithosphere thinning, the westward subduction of the
Pacific plate lasted till 100 Ma, which might have led to
subduction induced delamination/foundering, similar to
that modelled for the Andes (Sobolev and Babeyko,
2005), followed by “backarc-type” extension. This might
have also contributed to the final removal of old
lithospheric keel in eastern China in the Late Cretaceous.

4.3. Driving forces for plate tectonics

Theoretically, heat from the Earth’s interior is the
major primary energy source of plate drifting, as well as
within plate tectonic evolutions. Therefore, the well-
organized heat loss through magmatism on the Earth’s
surface provides the primary driving forces for most
tectonic events. Among them, the mid-ocean ridge
(MOR) magmatism is much more abundant and much
better organized than any other magmatisms on the
Earth, making up huge engines together with subduction
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zones: basalt forms along the MOR cools down,
becomes denser, slides outward, and finally descends
into the mantle along subduction zones. Descending
slab becomes increasingly dense as subduction con-
tinues due to the transformation of basalt to eclogite.
Sliding plates and subducting slabs together further pull
the plates apart along MOR, forming more basalt, which
becomes “fuel” for the engine later on. This kind of
global scale “magmatic engine” is the dominating
driving force for plate tectonic evolutions. For conti-
nental plates that are not directly connected to MOR, a
major driving force comes from interaction with plates
attached to MOR, e.g., interaction between subducting
slabs and active plate margins.

The Cretaceous tectonic evolution of the eastern
China is coupled remarkably well with the subduction of
Pacific, which provides direct evidence supporting this
model and is very important for further understanding of
plate interaction and intraplate tectonic evolution in
general. The interaction between the subducting Pacific
plate and the Eurasian continent is also crucial to
understanding tectonic evolution in eastern China, e.g.,
continental lithosphere thinning, the Cretaceous GIE
and the evolution of the Tan-Lu Fault.

5. Conclusion

The Cretaceous geological evolution in eastern China
matches surprisingly well with the drifting history of the
Pacific plate. Remarkably, the eastern China large-scale
orogenic lode gold (Au) mineralization and major
tectonic change from extension to transpression in
eastern China occurred contemporaneously with an
abrupt change of ~80° in the drifting direction of the
subducting Pacific plate. These facts suggest that the
major geological events in eastern China in the
Cretaceous were mainly controlled by the subduction
of the Pacific plate.

These major events in eastern China and the Pacific
plate were concurrent with the major eruption of the
Ontong Java and Kerguelen Plateaus. The most
straightforward model would be that the plume heads
of Ontong Java and Kerguelen have considerably
elevated the south part of the Pacific plate and changed
its drifting direction and, consequently changed the
tectonic regime of eastern China.

The lithospheric destruction in eastern China and the
Cretaceous GIE were probably related to the subduction
of the Pacific plate: extension induced thinning and
magmatism before ~125—122 Ma. The final lithospheric
removal was probably partly due to delamination/
foundering triggered by further subduction.

Interactions between subducting and overriding plates
provide a major driving force for geological evolutions in
eastern China and intraplate tectonics in general.

Acknowledgements

This work was supported by the Nature Science
Foundation of China (NSFC) to WDS (No. 40525010)
and XHL (40334039 and 40421303), Chinese Ministry
of Science and Technology (2006CB403505) and the
Chinese Academy of Sciences. Valuable comments by
anonymous reviewers are greatly appreciated. Thanks to
R. J. Arculus for constructive discussion on an early
version of this paper.

References

Beck, R.A., Burbank, D.W., Sercombe, W.J., Riley, G.W., Barndt, J.K.,
Berry, J.R., Afzal, J., Khan, A.M., Jurgen, H., Metje, J., Cheema, A.,
Shafique, N.A., Lawrence, R.D., Khan, M.A., 1995. Stratigraphic
evidence for an early collision between Northwest India and Asia.
Nature 373, 55-58.

Brandon, A.D., Draper, D.S., 1996. Constraints on the origin of the
oxidation state of mantle overlying subduction zones: an example
from Simcoe, Washington, USA. Geochim. Cosmochim. Acta 60,
1739-1749.

Chen, I.F., Li, X.M., X, Z.T., Foland, K.A., 1991. *°Ar/*°Ar dating of
the Yueshan diorite, Anhui province, and the estimated formation
time of the associated ore deposit. Geoscience 5, 91-99
(in Chinese with English abstract).

Chen, J.F., Yan, J., Xie, Z., Xu, X., Xing, F., 2001. Nd and Sr isotopic
compositions of igneous rocks from the lower Yangtze region in
eastern China: constraints on sources. Phys. Chem. Earth, Part A
Solid Earth Geod. 26, 719-731.

Chen, Y.J., Pirajno, F., Qi, J.P., 2005. Origin of gold metallogeny and
sources of ore-forming fluids, Jiaodong province, Eastern China.
Int. Geol. Rev. 47, 530-549.

Coffin, M.F., Pringle, M.S., Duncan, R.A., Gladczenko, T.P., Storey,
M., Muller, R.D., Gahagan, L.A., 2002. Kerguelen hotspot magma
output since 130 Ma. J. Petrol. 43, 1121-1139.

Cox, S.F., Ruming, K., 2004. The St Ives mesothermal gold system,
Western Australia — a case of golden aftershocks? J. Struct. Geol.
26, 1109-1125.

Gao, S., Rudnick, R.L., Carlson, R.W., McDonough, W.F., Liu, Y.S.,
2002. Re—Os evidence for replacement of ancient mantle
lithosphere beneath the North China craton. Earth Planet. Sci.
Lett. 198, 307-322.

Gao, S., Rudnick, R.L., Yuan, HL., Liu, X.M., Liu, Y.S., Xu, W.L.,
Ling, W.L., Ayers, J., Wang, X.C., Wang, Q.H., 2004. Recycling
lower continental crust in the North China craton. Nature 432,
892-897.

Gilder, S.A., Courtillot, V., 1997. Timing of the North—South China
collision from new middle to late Mesozoic paleomagnetic data
from the North China Block. J. Geophys. Res. 102, 17713-17727.

Goldfarb, R.J., Groves, D.I., Gardoll, S., 2001. Orogenic gold and
geologic time: a global synthesis. Ore Geol. Rev. 18, 1-75.

Griffin, W.L., Zhang, A.D., O’Reilly, S.Y., Ryan, C.G., 1998.
Phanerozoic evolution of the lithosphere beneath the Sino-Korean
craton. In: Flower, M.F.J., Chung, S.L., Lo, C.H., Lee, T.Y. (Eds.),



W. Sun et al. / Earth and Planetary Science Letters 262 (2007) 533-542 541

Mantle Dynamics and Plate Interaction in East Asia Geodynamic
Series 100. American Geophysics Union, Washington, D.C.,
pp. 107-126.

Groves, D.I., Goldfarb, R.J., Gebre-Mariam, M., Hagemann, S.G.,
Robert, F., 1998. Orogenic gold deposits: a proposed classification
in the context of their crustal distribution and relationship to other
gold deposit types. Ore Geol. Rev. 13, 7-27.

Guo, F., Fan, WM., Wang, Y.J., Zhang, M., 2004. Origin of early
Cretaceous calc-alkaline lamprophyres from the Sulu orogen in
eastern China: implications for enrichment processes beneath
continental collisional belt. Lithos 78, 291-305.

Guo, F., Fan, WM., Wang, Y.J., Li, C.W., 2005. Petrogenesis and
tectonic implications of Early Cretaceous high-K calc-alkaline
volcanic rocks in the Laiyang Basin of the Sulu Belt, eastern
China. Isl. Arc 14, 69-90.

Huang, Z.G., Gao, C.L., Ji, R.S., 2005. Analysis of evolution of Meso-
Cenozoic basins in southern North China. Oil Gas Geol. 26,
252-256 (in Chinese with English abstract).

Kay, R.W., Kay, S.M., 1993. Delamination and delamination
magmatism. Tectonophysics 219, 177-189.

Koppers, A.A.P., Morgan, J.P., Morgan, J.W., Staudigel, H., 2001.
Testing the fixed hotspot hypothesis using *°Ar/°Ar age
progressions along seamount trails. Earth Planet. Sci. Lett. 185,
237-252.

Koppers, A.A.P., Staudigel, H., Duncan, R.A., 2003. High-resolution
YOAr?Ar dating of the oldest oceanic basement basalts in the
western Pacific basin. Geochem. Geophys. Geosystem 4, 8914.
doi:10.1029/2003GC000574.

Larson, R.L., 1997. Superplumes and ridge interactions between
Ontong Java and Manihiki plateaus and the Nova-Canton trough.
Geology 25, 779-782.

Li, X.H., 2000. Cretaceous magmatism and lithospheric extension in
Southeast China. J. Asian Earth Sci. 18, 293-305.

Li, Z.X., Li, X.H., 2007. Formation of the 1300-km-wide intraconti-
nental orogen and postorogenic magmatic province in Mesozoic
South China: a flat-slab subduction model. Geology 35, 179-182.

Li, S.G., Xiao, Y.L., Liou, D.L., Chen, Y.Z., Ge, N.J., Zhang, Z.Q.,
Sun, S.S., Cong, B.L., Zhang, R.Y., Hart, S.R., Wang, S.S., 1993.
Collision of the North China and Yangtse blocks and formation of
coesite-bearing eclogites — timing and processes. Chem. Geol.
109, 89—111.

Li, J.W., Vasconcelos, P.M., Zhang, J., Zhou, M.F., Zhang, X.J., Yang,
F.H., 2003. **Ar/*°Ar constraints on a temporal link between gold
mineralization, magmatism, and continental margin transtension in
the Jiaodong gold province, Eastern China. J. Geol. 111, 741-751.

Li, Q.L., Chen, FX., Wang, X.L., Li, X.H., Li, C.F., 2005. Ultra-low
procedural blank and the single-grain mien Rb—Sr isochron dating.
Chin. Sci. Bull. 50, 2861-2865.

Liu, J.L., Davis, G.A., Lin, Z.Y., Wu, FY., 2005. The Liaonan
metamorphic core complex, Southeastern Liaoning Province,
North China: a likely contributor to Cretaceous rotation of Eastern
Liaoning, Korea and contiguous areas. Tectonophysics 407,
65-80.

Mao, J.W,, Xie, G.Q., Zhang, Z.H., Li, X.F., Wang, Y.T., Zhang, C.Q.,
Li, Y.F., 2005. Mesozoic large-scale metallogenic pulses in North
China and corresponding geodynamic settings. Acta Petrol. Sin.
21, 169-188.

Mao, J.W., Wang, Y.T., Lehmann, B., Yu, J.J., Du, A.D., Mei, Y.X,, Li,
Y.E., Zang, W.S., Stein, H.J., Zhou, T.F., 2006. Molybdenite Re—
Os and albite “’Ar/ °Ar dating of Cu—Au—Mo and magnetite
porphyry systems in the Yangtze River valley and metallogenic
implications. Ore Geol. Rev. 29, 307-324.

Maruyama, S., Isozaki, Y., Kimura, G., Terabayashi, M., 1997.
Paleogeographic maps of the Japanese Islands: plate tectonic
synthesis from 750 Ma to the present. Isl. Arc 6, 121-142.

Meng, Q.-R., 2003. What drove late Mesozoic extension of the
northern China—Mongolia tract? Tectonophysics 369, 155-174.

Menzies, M.A., Fan, W.M., Zhang, M., 1993. Palaecozoic and
Cenozoic lithoprobes and the loss of N120 km of Archean
lithosphere, Sino-Korean craton, China. In: Prichard, T., Alabaster,
T., Harris, N.B.W., Neary, C.R. (Eds.), Magmatic Processes and
Plate Tectonics, Special Publication, vol. 76. Geological Society,
London, pp. 71-81.

Miao, L.C., Qiu, Y.M., McNaughton, N., Luo, Z.K., Groves, D., Zhai,
Y.S., Fan, WM., Zhai, M.G., Guan, K., 2002. SHRIMP U-Pb
zircon geochronology of granitoids from Dongping area, Hebei
Province, China: constraints on tectonic evolution and geodynamic
setting for gold metallogeny. Ore Geol. Rev. 19, 187-204.

Micklethwaite, S., Cox, S.F., 2004. Fault-segment rupture, aftershock-
zone fluid flow, and mineralization. Geology 32, 813-816.

Mungall, J.E., 2002. Roasting the mantle: Slab melting and the genesis
of major Au and Au-rich Cu deposits. Geology 30, 915-918.

Pan, YM., Dong, P., 1999. The Lower Changjiang (Yangzi/Yangtze
River) metallogenic belt, east central China: intrusion-and wall
rock-hosted Cu—Fe—Au, Mo, Zn, Pb, Ag deposits. Ore Geol. Rev.
15, 177-242.

Parkinson, 1.J., Arculus, R.J., 1999. The redox state of subduction
zones: insights from arc-peridotites. Chem. Geol. 160, 409-423.

Parkinson, 1.J., Arculus, R.J., Eggins, S.M., 2003. Peridotite xenoliths
from Grenada, Lesser Antilles Island Arc. Contrib. Mineral. Petrol.
146, 241-262.

Phinney, E.J., Mann, P., Coffin, M.F., Shipley, T.H., 1999. Sequence
stratigraphy, structure, and tectonic history of the southwestern
Ontong Java Plateau adjacent to the North Solomon Trench and
Solomon Islands arc. J. Geophys. Res. 104, 20449—-20466.

Qiu, Y.M., Groves, D.I., McNaughton, N.J., Wang, L.G., Zhou, T.H.,
2002. Nature, age, and tectonic setting of granitoid-hosted,
orogenic gold deposits of the Jiaodong Peninsula, eastern North
China craton, China. Miner. Depos. 37, 283-305.

J.S. Ren, C. Jiang, Z. Zhang, D. Qin, Geotectonic evolution of China,
Science Press, Springer-Verlag, Hong Kong, 1987.

Sharp, W.D., Clague, D.A., 2006. 50-Ma initiation of Hawaiian-
emperor bend records major change in Pacific plate motion.
Science 313, 1281-1284.

Sillitoe, R.H., 1997. Characteristics and controls of the largest
porphyry Cu—Au and epithermal Au deposits in the circum-
Pacific region. Aust. J. Earth Sci. 44, 373-388.

Sobolev, S.V., Babeyko, A.Y., 2005. What drives orogeny in the
Andes. Geology 33, 617-620.

Sun, W.D., Li, S.G., Chen, Y.D., Li, YJ., 2002a. Timing of
synorogenic granitoids in the South Qinling, central China:
constraints on the evolution of the Qinling-Dabie orogenic belt.
J. Geol. 110, 457-468.

Sun, W.D., Williams, 1.S., Li, S.G., 2002b. Carboniferous and triassic
eclogites in the western Dabie Mountains, east-central China:
evidence for protracted convergence of the North and South China
Blocks. J. Metamorph. Geol. 20, 873-886.

Sun, W.D., Xie, Z., Chen, J.F., Zhang, X., Chai, Z.F., Du, A.D., Zhao,
J.S., Zhang, C.H., Zhou, T.F., 2003. Os—Os dating of copper and
molybdenum deposits along the middle and lower reaches of the
Yangtze River, China. Econ. Geol. 98, 175-180.

Sun, W.D., Arculus, R.J., Kamenetsky, V.S., Binns, R.A., 2004.
Release of gold-bearing fluids in convergent margin magmas
prompted by magnetite crystallization. Nature 431, 975-978.


http://dx.doi.org/10.1029/2003GC000574

542 W. Sun et al. / Earth and Planetary Science Letters 262 (2007) 533-542

Sun, X.M., Tang, Q., Sun, W.D., Xu, L., Zhai, W., Liang, J.L., Liang,
Y.H., Shen, K., Zhang, Z.M., Zhou, B., Wang, F.Y., 2007.
Monazite, iron oxide and barite exsolutions in apatite aggregates
from CCSD drillhole eclogites and their geological implications.
Geochim. Cosmochim. Acta 71, 2896-2905.

Taira, A., 2001. Tectonic evolution of the Japanese island arc system.
Annu. Rev. Earth Planet. Sci. 29, 109—-134.

Wang, L.G., Qiu, Y.M., McNaughton, N.J., Groves, D.I., Luo, Z.K.,
Huang, J.Z., Miao, L.C., Liu, Y.K., 1998. Constraints on crustal
evolution and gold metallogeny in the Northwestern Jiaodong
Peninsula, China, from SHRIMP U-Pb zircon studies of granitoids.
Ore Geol. Rev. 13, 275-291.

Wang, Y.L., Wang, Y., Zhang, Q., Jia, X.Q., Han, S., 2004. The
geochemical characteristics of Mesozoic intermediate-acid intru-
sives of the Tongling area and its metallogenesis—geodynamic
implications. Acta Petrol. Sin. 20, 325-338.

Wang, Y.H., Houseman, G.A., Lin, G., Guo, F., Wang, Y.J., Fan, WM.,
Chang, X., 2005. Mesozoic lithospheric deformation in the North
China block: numerical simulation of evolution from orogenic belt
to extensional basin system. Tectonophysics 47—63.

Wang, Q., Wyman, D.A., Xu, J.F., Zhao, Z.H., Jian, P., Xiong, X.L.,
Bao, Z.W.,, Li, C.F,, Bai, Z.H., 2006. Petrogenesis of Cretaceous
adakitic and shoshonitic igneous rocks in the Luzong area, Anhui
Province (eastern China): Implications for geodynamics and Cu—
Au mineralization. Lithos 89, 424-446.

Wang, Q., Wyman, D.A., Xu, J.F., Zhao, Z.H., Jian, P., Zi, F., 2007.
Partial melting of thickened or delaminated lower crust in the
middle of eastern China: implications for Cu—Au mineralization.
J. Geol. 115, 149-161.

Wessel, P., Kroenke, L., 1997. A geometric technique for relocating
hotspots and refining absolute plate motions. Nature 387, 365—-369.

Wu, FY., Walker, R.J., Ren, X.W., Sun, D.Y., Zhou, X.H., 2003.
Osmium isotopic constraints on the age of lithospheric mantle
beneath northeastern China. Chem. Geol. 196, 107-129.

Wu, F.Y., Lin, J.Q., Wilde, S.A., Zhang, X.0O., Yang, J.H., 2005a.
Nature and significance of the Early Cretaceous giant igneous
event in eastern China. Earth Planet. Sci. Lett. 233, 103—119.

Wu, F., Zhao, G., Wilde, S.A., Sun, D., 2005b. Nd isotopic constraints
on crustal formation in the North China Craton. J. Asian Earth Sci.
24, 523-545.

Wyborn, D., Sun, S.S., 1994. Sulphur-undersaturated magmatism—a
key factor for generating magma-related copper—gold deposits.
AGSO Res. Newsl 21, 7-8.

Xiao, W.J., Windley, B.F., Hao, J., Zhai, M.G., 2003. Accretion leading
to collision and the Permian Solonker suture, inner Mongolia,
China: termination of the central Asian orogenic belt. Tectonics 22.

Xiao, Y.L., Sun, W.D., Hoefs, J., Simon, K., Zhang, Z.M., Li, S.G.,
Hofmann, A.W., 2006. Making continental crust through slab
melting: constraints from niobium—tantalum fractionation in UHP
metamorphic rutile. Geochim. Cosmochim. Acta 70, 4770-4782.

Xie, X., Xu, X.S., Xing, G.F., Zou, H.B., 2003. Geochemistry and
genesis of early Cretaceous volcanic rock assemblages in eastern
Zhejiang. Acta Petrol. Sin. 19, 385-398.

Xu, Y.G., 2001. Thermo-tectonic destruction of the archaean
lithospheric keel beneath the Sino-Korean Craton in China:
evidence, timing and mechanism. Phys. Chem. Earth, Part A
Solid Earth Geod. 26, 747-757.

Xu, J.W., Zhu, G., Tong, W.X., Cui, K.R., Lin, Q., 1987. Formation
and evolution of the Tancheng-Lujiang wrench fault system: a
major shear system to the northwest of the Pacific Ocean.
Tectonophysics 134, 273-310.

Yang, J.H., Zhou, X.H., 2001. Rb—Sr, Sm—Nd, and Pb isotope
systematics of pyrite: implications for the age and genesis of lode
gold deposits. Geology 29, 711-714.

Yang, J.H., Wu, Y., Wilde, S.A., 2003. A review of the geodynamic
setting of large-scale Late Mesozoic gold mineralization in the
North China Craton: an association with lithospheric thinning. Ore
Geol. Rev. 23, 125-152.

Zhai, M.G., Liu, W.J., 2005. Tectonic division of the sulu ultrahigh-
pressure region and the nature of its boundary with the North China
Block. Int. Geol. Rev. 47, 1074—1089.

Zhai, M.G., Yang, J.H., Fan, H.R., Miao, L.C., Li, Y.G., 2002. A large-
scale cluster of gold deposits and metallogenesis in the eastern
North China craton. Int. Geol. Rev. 44, 458-476.

Zhang, L.C., Liu, T.B., Shen, Y.C., Zeng, Q., Li, G.M., 2003a.
Structure, isotopes, and “°Ar/*°Ar dating of the Pengjiakuang gold
deposit, Mesozoic Jiaolai basin, eastern China. Int. Geol. Rev. 45,
691-711.

Zhang, L.C., Shen, Y.C., Liu, T.B., Zeng, Q.D., Li, G.M., Li, HM.,
2003b. *°Ar/*°Ar and Rb—Sr isochron dating of the gold deposits
on northern margin of the Jiaolai Basin, Shandong, China. Sci.
China, D 46, 708-718.

Zhang, Y.Q., Dong, S.W., Shi, W., 2003c. Cretaceous deformation
history of the middle Tan-Lu fault zone in Shandong Province,
eastern China. Tectonophysics 363, 243-258.

Zhang, H.Y., Hou, Q.L., Cao, D.Y., 2005. Ultramicrostructure of the
Mesozoic stike-slip thrust belt in eastern Jiaodong. Geol. China 32,
571-578.

Zhang, H.Y., Hou, Q.L., Cao, D.Y., 2006. Tectonic age constraints on
the Mesozoic strike-slip thrust belt in eastern Jiaodong. Sci. China,
D 36, 497-506.

Zhang, S.H., Zhao, Y., Song, B., Yang, Z.Y., Hu, .M., Wu, H., 2007.
Carboniferous granitic plutons from the northern margin of the
North China block: implications for a late Palacozoic active
continental margin. J. Geol. Soc. (Lond.) 164, 451-463.

Zhao, Z.-F., Zheng, Y.-F., Wei, C.-S., Wu, Y.-B., 2007. Post-collisional
granitoids from the Dabie orogen in China: Zircon U-Pb age,
element and O isotope evidence for recycling of subducted
continental crust. Lithos 93 (3—4), 248-272.

Zheng, Y.F., Fu, B., Gong, B., Li, L., 2003. Stable isotope
geochemistry of ultrahigh pressure metamorphic rocks from the
Dabie-Sulu orogen in China: implications for geodynamics and
fluid regime. Earth-Sci. Rev. 62, 105-161.

Zhou, X.M., Li, W.X., 2000. Origin of Late Mesozoic igneous rocks in
Southeastern China: implications for lithosphere subduction and
underplating of mafic magmas. Tectonophysics 326, 269—-287.

Zhou, T.F., Yuan, F., Yue, S.C., Zhao, Y., 2000. Two series of copper—
gold deposits in the middle and lower reaches of the Yangtze River
area (MLYRA) and the hydrogen, oxygen, sulfur and lead isotopes
of their ore-forming hydrothermal systems. Sci. China, Ser. D 43,
208-218.

Zhou, XM., Sun, T. Shen, W.Z., Shu, L.S., Niu, Y.L., 2006.
Petrogenesis of Mesozoic granitoids and volcanic rocks in South
China: a response to tectonic evolution. Episodes 29, 26-33.

Zhu, G., Wang, Y.S., Liu, G.S., Niu, M.L., Xie, C.L., Li, C.C., 2005.
YOAr?Ar dating of strike-slip motion on the Tan-Lu fault zone,
East China. J. Struct. Geol. 27, 1379-1398.

Zhu, Z.M., Morinaga, H., Gui, RJ., Xu, S.Q., Liu, Y.Y., 2006.
Paleomagnetic constraints on the extent of the stable body of the
South China Block since the Cretaceous: new data from the
Yuanma Basin, China. Earth Planet. Sci. Lett. 248, 533-544.



	The golden transformation of the Cretaceous plate subduction in the west Pacific
	Introduction
	Eastern China and Pacific subduction
	The golden transformation
	Discussion
	Correspondence between the drifting directions of the Pacific plate and geological events in ea.....
	Lithospheric destruction, Cretaceous large igneous event and Pacific subduction
	Driving forces for plate tectonics

	Conclusion
	Acknowledgements
	References


