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It has been proposed that the North China Craton (NCC) was thinned up to a thickness of >100 km during the Phanerozoic,
and underwent an associated craton destruction. Evidently, it is an important topic worthy of future study to understanding the
mechanism of cratonic destruction and its role played in the continental evolution. After synthesized the global cratons of India,
Brazil, South Africa, Siberia, East Europe (Baltic) and North America, we found that lithospheric thinning is common in the
cratonic evolution, but it is not always associated with craton destruction. Most cratons was thinned by thermal erosion of
mantle plume or mantle upwelling, which, however, may not cause craton destruction. Based on the studies of the North
American and North China Cratons, we suggest that oceanic subduction plays an important role in caton destruction. Fluids or
melts released by dehydration of the subducted slabs metasomatize the mantle wedge above and trigger extensive partial melt-
ing. More importantly, the metasomatized mantle lost its original rigidity and make craton easier to be deformed and then to be
destoyed. Therefore, we suggest that the widespread crust-derived granite and large-scale ductile deformation within the con-

tinental crust can be regarded as the petrological and structural indicators of craton destruction, respectively.
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The surface of Earth’s continents is mostly covered by two
geological units, the orogenic belts and the cratons. Unlike
the orogenic belts, the cratons can remain stable for a long
time. In past decades, abundant studies have attributed the
stability of cratons to their thick lithospheric keels, which
commonly have low densities and water contents. These
characteristics make the floating of cratons above the con-
vective asthenosphere. Moreover, the cratons are immune to
destruction caused by later geologic resetting, due to the
high rigidity of their thick and dry lithospheric keels (Sleep,
2005; Peslier et al., 2009; Lee et al., 2011). Therefore, the
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common wisdom is that cratons remain stable in the Earth’s
history and are commonly not subjected to the intra-
lithospheric or intra-crustal deformation. Except the weak
deep-seated magmatism, both extensive magmatism and
mineralization are basically absent within the cratons.
However, the eastern portion of the North Craton Craton
(NCC) has experienced lithospheric thinning and craton
destruction during the Phanerozoic, which completely ru-
ined its original rigidity. The scientific issue is why the sta-
ble craton can be destroyed. With the main aim of studying
the mechanism of craton destruction, the project, Destruc-
tion of the North China Craton, has been implemented by
Natural Science Foundation of China in 2007. Progresses in
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several perspectives, such as the tempo-spatial scale and the
mechanism of crtaon destruction, have been already
achieved in recent years (Zhu et al., 2012). In this paper, we
first discussed whether lithospheric thinning and caton de-
struction are common phenomena or not based on the com-
parison of several cratons in the world (Figure 1). Then,
effects of deep thermal events, as represented by mantle
plumes, on thinning and modification of cratonic mantle are
illustrated. Finally, we disclosed the mechanism that led to
the destruction of the NCC through the comparison between
the NCC and other cratons that have also been subjected to
destruction.

1 Definition: Lithospheric thinning and craton
destruction

The relationship between lithospheric thinning and craton
destruction is of key importance in the study of craton de-
struction. However, no consensus on this relationship has
been obtained in previous studies on the NCC. Therefore, it
is necessary to clarify the concepts of lithospheric thinning
and craton destruction.

Lithospheric thinning describes only the change in the
lithosphere thickness of a geological unit, which does not
imply any mechanism involved. Studies have shown that
lithospheric thinning occurred in most areas of the Earth in
the geological history, and, in particular, is more common in
orogenic belts (Krystopowicz and Currie, 2013). Based on
studies on mantle xenoliths or mineral inclusions in dia-
mond trapped by the Paleozoic kimberlite (~480 Ma), it has
been estimated that the lithosphere of the NCC had a thick-
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ness of ca. 200 km at that time. Constraints from mantle
xenoliths entrained in the Cenozoic basalts, however, reveal
that the Cenozoic lithosphere of the NCC has a thickness
less than 80 km, which is also consistent with the geophys-
ical data (Lu et al., 1991; Menzies et al., 1993; Griffin et al.,
1998). Therefore, the lithosphere of the NCC has thinned
for more than 100 km since 480 Ma. Although the mecha-
nism for this process is still controversial, it becomes a
consensus that the NCC has experienced lithospheric thin-
ning.

However, some recent studies questioned whether the
whole lithosphere of the NCC has been thinned or not (e.g.,
Zhang, 2011). It is argued that the distribution of the Paleo-
zoic kimberlites (e.g., Mengyin in Shandong Province and
Fuxian in Liaoning Province) in the NCC is too limited, and
thus, the lithosphere thickness inferred by the kimber-
lite-borne mantle xenoliths or minerals cannot represent the
thickness of the whole NCC. They suggested that litho-
sphere thinning has not occurred in the NCC but these two
locations. A full discussion on such opinions is beyond the
scope of this paper, and here we only list several lines of
facts. Firstly, the NCC evolved as a whole unit after its cra-
tonization in 1.8 Ga. The lithosphere beneath the western
NCC, where the lithosphere has not been or weakly thinned,
still has a thickness of ca. 200 km (Chen et al., 2008), which
is as thick as the Paleozoic lithosphere beneath both
Mengyin and Fuxian. This suggests that the NCC overall
had a thick lithosphere during the Paleozoic. Secondly, the
thickness of global lithosphere has also been constrained by
data from limited regions. Occurrence of kimberlites eve-
rywhere on a craton in a specific geological period cannot
not expected. Even if kimberlites are widely distributed, it is
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Figure 1 Distribution of the global Precambrian cratons.



2880 WuFY,etal
unwarrantable to obtain mantle xenoliths or xenocrysts that
are suitable for estimating the lithosphere thickness every-
where. Thirdly, the lithosphere widely discussed in the lit-
erature refers to the thermal lithosphere, of which the
thickness is constrained by both the conductive geotherm of
the lithosphere and the adiabatic gradient of the astheno-
sphere (McKenzie and Bickle, 1988). The temperature of
the asthenosphere is basically known and adiabatic
upwelling of the asthenosphere suggests that the tempera-
ture of lithosphere-asthenosphere boundary (LAB) beneath
most areas should be similar. Nevertheless, the conductive
geotherm of cratons reversely correlates with its thickness;
that is, the thicker the craton is, the colder geotherm it has.
It is hard to imagine that the thickness of the lithosphere
beneath an area, particularly beneath the craton, is highly
variable in a limited space. Such a scenario is only expected
for the lithosphere of orogenic belts.

The definition of craton destruction has not been strictly
clarified yet. We generally refer it as the geological phe-
nomenon that a craton loses its stability (Wu et al., 2008).
Craton destruction has also been termed as decratonization
or destabilization (Yang et al., 2009). As implied by its def-
inition, a destroyed or destructed craton does not share any
characteristics of stable cratons, unless it has been re-
cratonized later. The geologic indicator of craton stabiliza-
tion is that its sedimentary cover preserves its original hori-
zontal status. The main characteristic of shields without
sedimentary cover is that their basement rocks have not
experienced remarkably metamorphism and deformation.
During the Mesozoic, the eastern NCC has been subjected
to extensive magmatism and strong deformation, hence lost
its stability. From this perspective, craton destruction is
similar to platform reactivation. However, platform reacti-
vation is a descriptive term, meaning that the craton reac-
tivates and becomes unstable. Similarly, both mantle re-
placement (Zheng, 1999) and lithospheric transformation
(Zhou, 2009) have been coined to emphasize the changes in
compositions and thermal state of the deep mantle during
lithosphere thinning. As can be seen from these definitions,
craton destruction is not equal to lithosphere thinning and
there is no certain relationship between each other. Specifi-
cally, craton destruction can be accompanied by lithospheric
thinning, whereas the occurrence of lithosphere thinning
does not certainly cause craton destruction.

Lithosphere modification is another important geological
process related to craton destruction. Modification is ubiq-
uitous in the global lithosphere. Every craton can be dis-
turbed by various geological processes, such as subduction
and upwelling of the anomalously hot magmas from the
deep. In terms of magmatism, deep-seated magmas, which
are represented by kimberlites but also include alkaline
magmas, lamprophyres and carbonatites, are widely distrib-
uted in all cratons after their formation. These magmas are
commonly the expression of mantle plumes or mantle
upwelling on cratons. Lithosphere modification can accel-
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erate or act as the prerequisite condition of craton destruc-
tion. As discussed in the following, however, it cannot de-
stabilize the cratons and trigger craton destruction in most
cases. In the extreme case, craton destruction can be re-
garded as one way for continental reformation.

Whether continental break-up can be called as craton de-
struction or not is another question worth discussing. Con-
tinental break-up refers to the process that a continent is
split into several small blocks. If cratons still preserve their
stability during breakup, then this process cannot be called
as craton destruction. Several supercontinents existed in the
Earth’s history, and the distribution of present cratons re-
sulted from the breakup of the Pangea supercontinent during
the Paleozoic. Opening of the Atlantic Ocean separates the
African, South American, North American and European
continents. However, ancient blocks within these continents
still preserve their stability similar to cratons.

2 Is lithospheric thinning certainly accompa-
nied by craton destruction?

The NCC is distinguished from other cratons in the world
by its significant lithosphere thinning (Carlson et al., 2005),
which was also accompanied by craton destruction. It is
unclear whether there is a certain relationship between lith-
ospheric thinning and craton destruction or lithospheric
thinning is certainly accompanied by craton destruction. To
answer this question, here we give a brief review of several
classic cratons in the world.

The first example is the Indian Craton (Figure 2), which
consists of two parts, the Aravalli and Bundekhand Cratons
in the north, and the Dhawar, Bastar and Singhbhum Cra-
tons in the south. These two parts were connected by the
central tectonic belt (Zhao et al., 2002). The Indian Craton
preserves geologic records of 3.6 Ga (Rajesh et al., 2009),
of which the early geological evolution history is similar to
the NCC (Zhao et al., 2003). Assembly of the northern and
southern blocks along the central orogenic belt at ca. 1.8 Ga
led to the final cratonization. The Purana sedimentary series
were deposited over the craton during the Proterozoic,
which have not been subjected to strong metamorphism and
deformation. The Cudppah basin developed above the
Dhawar craton is composed of this sedimentary series. In 65
Ma, about million square kilometers of the Indian Craton is
covered by the Deccan basalts that erupted at ca. 65 Ma
(Courtillot et al., 1986; Duncan and Pyle, 1988).

As one of the classic cratons in the world, the Indian
Craton preserves different types of anorogenic magmatic
rocks, of which the most famous are the kimberlites and
lamprophyres. In particular, both the Wajrakur kimberlite in
the eastern Dhawar craton and the Majhgawan lamprophyre
in the Bundelkhand craton are rich in diamonds. These areas
are also regions with the earliest (ca. 4000 years ago) dis-
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covery and utilization of diamonds in the world. Although
ages of these kimberlites were controversial, recent studies
indicated that they were emplaced at ca. 1.1 Ga, represent-
ing an important global thermal event in the deep mantle
(Kumar et al., 2007a; Chalapathi Rao et al., 2013). More
importantly, these kimberlites also contain abundant mantle
xenoliths, such as garnet peridotite and eclogite. According
to the mineral assemblage of the mantle xenoliths and the
occurrence of diamonds, it has been inferred that the litho-
sphere of the Indian Craton when the kimberlites were em-
placed had a thickness of ca. 200 km (Figure 2) and a typi-
cal cratonic geotherm of 40-45 mW/m’* (Nehru and Reddy,
1989; Rao et al., 2001; Griffin et al., 2009; Karmalkar et al.,
2009).

Coeval with the eruption of the Deccan basalts, both bas-
alts and lamprophyres also erupted at the western part of the
Indian Craton, which also contain mantle xenoliths. Differ-
ent from the kimberlite-borne xenoliths, these mantle xeno-
liths are spinel-facies peridotites, suggesting they were de-
rived from depths less than 80 km (Mukherjee and Biswas,
1988; Karmalkar et al., 2000). In combination with the
pressure and temperature data of granulite xenoliths, the
lithosphere beneath the Dharwar craton had a thickness of
ca. 80 km during ~65 Ma (Dessai et al., 2004; Karmalkar et
al., 2009; Figure 1(b)), which is consistent with the results
of modern geophysical observation (Roy and Rao, 2000;
Sarkar et al., 2001; Gokarn et al., 2004; Sarkar and Saha,
2006; Kumar et al., 2007b; Kiselev et al., 2008; Shalivahan
etal., 2014).

In summary, more 100 km lithosphere had been thinned
beneath the Indian Carton from 1.1 Ga to 65 Ma. The
thickness of thinning is similar to the NCC. Unlike the NCC,
however, the Indian Craton remains stable after its for-
mation. Both the Proterozoic sedimentary rocks and the
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Deccan basalts on the top of this craton, covered like a layer
of quilt, have not been subjected to strong metamorphism
and deformation. Moreover, the seismic activity is also
weak in the Indian Craton. The lithospheric thinning result-
ed in the quick drift of the India continent northward, like a
cheetah, which finally collided with the Eurasian Block
(Kumar et al., 2007b).

The Siberian Craton, which has been regarded as the
representatives of typical cratons in the world together with
the South African Craton, is the second example of litho-
spheric thinning. Basement rocks are rarely outcropped in
the Siberian Craton, which are only exposed in the Aldan
Shield to the south and in the Anabar Shield to the north
(Figure 3(a)). Previous studies on these two shields sug-
gested that the cratonization of the Siberian Craton was
taken place at ca. 1.85 Ga (Rosen et al., 2005). The whole
Siberian Craton has been covered by platform sedimentary
rocks (Riphean and Vendian) since the Proterozoic. How-
ever, multiple stages of anorogenic magmatism have been
developed in the stable Siberian Craton. Our recent study
(Sun et al., 2014) has revealed that kimberlite magmas
formed repeatedly during at least four episodes (Figure
3(b)), i.e., 420, 360, 220 and 160 Ma, of which the kimber-
lites erupted at ca. 360 Ma are diamondiferous. Moreover,
both the Udachnaya pipe (360 Ma) in the Daldyn field and
the Obnajonnaya pipe (160 Ma) in the Kuoika field contain
abundant peridotites, eclogites and different kinds of crustal
xenoliths, which provide an opportunity to study the com-
positions and the thermal state of the deep mantle (Pearson
et al., 2003; Howarth et al., 2014). Studies on mantle xeno-
liths from these two kimberlite pipes indicate that the
Paleozoic (360 Ma) lithosphere beneath the Siberian Craton
had a thickness more than 200-220 km and a cold thermal
gradient that is typical of cratons during the Paleozoic
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(Figure 3(c)). In comparison, a hotter thermal gradient is
inferred for the Mesozoic (160 Ma) lithosphere by the man-
tle xenoliths entrained in the Obnajonnaya kimberlite pipe.
This, together with the fact that the Mesozoic kimberlites
are diamond-barren, implies a thinner (150 km) lithosphere
beneath the Siberian Craton at during the Mesozoic (Taylor
et al., 2003; Howarth et al., 2014). Such a thickness is con-
sistent with the results obtained by garnet xenocrysts from
the Kharamai kimberlite that erupted at ca. 220 Ma (Griffin
et al., 2005). Therefore, we can deduce that the Siberian
Craton has lost ~50 km lithosphere during 360-220 Ma
(Griffin et al., 1999; Howarth et al., 2014).

Griffin et al. (1999) suggested that the Siberian Craton
has been subjected to a small scale of lithosphere thinning,
which is also supported by later studies (Tychkov et al.,
2008). However, Ashchepkov et al. (2010) argued that the
Siberian Craton has not experienced lithosphere thinning or
has been subjected to a small extent of thinning. They at-
tributed the variation in the lithosphere thickness estimated
by mantle xenoliths to the difference in the spatial positions
of both Udachnaya and Obnajonnaya (Obnazhennaya)
kimberlites. That is, the Obnajonnaya pipe erupted at the
northern margin of the Siberian Craton, where the litho-
sphere has a thinner thickness than the craton center. There
are four kimberlite fields in the neighboring area of the Ob-

najonnaya pipe, i.e., Mechimden (360 Ma), Kuoika (160
Ma), Upper Malodo (160 Ma) and Toluopka (360 Ma). The
geotherm constructed by garnets supports that the litho-
sphere beneath the Toluopka area at the time of kimberlite
eruption (360 Ma) had a thickness of ca. 180 km (Griffin et
al., 1999), which is similar to the thickness of lithosphere in
other areas of the craton during the Paleozoic. This suggests
that the Siberian Craton has been indeed subjected to litho-
sphere thinning, although the extent was probably small.
Another example of lithosphere thinning comes from the
South American Craton, which is bounded by the Atlantic
Ocean to the east and by the active continental margin to the
west that was formed as response to the subduction of the
Pacific Ocean. This craton is also called as the Brazilian
craton, because its main part locates within Brazil. Before
the opening of the south Atlantic Ocean, the Brazilian Cra-
ton was assembled together with the South Afirican and the
Antarctican cratons. The actual area of the Brazilian craton
is very big, but most of which is covered by the Phanerozoic
sedimentary rocks. This craton is composed of two sub-
cratons, i.e., the Amazonas Craton in the west and the Sao
Francisco Craton in the east (Figure 4). The Brazilian
Craton has a complicated history of geological evolution
during the Archean, and the cratonization finished after
three orogenic events during the Paleoproterozoic, the
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Mesoproterozoic and the Pan-African (De Almeida et al.,
2000). Typical anorogenic magmas, including kimberlites,
kamafugites, carbonatites and alkaline rocks, are developed
in the Brazilian Craton during the Cretaceous (Ulbrich and
Gomes, 1981; Morbidelli et al., 1995), of which the carbon-
atites are the main resources of Nb and Ta in the world
(Cordeiro et al., 2011). Geochronological data have shown
that the early stage of diamondiferous kimberlites emplaced
at ca. 90 Ma (Guarino et al., 2013), whereas other igneous
rocks without diamonds were developed during 70-90 Ma.
Studies on pyroxene xenocrysts have suggested that the
lithosphere beneath the Brazilian Craton was thinned from
200 to 125 km, i.e., with a thinning of ca. 75 km (Read et al.,
2004).

In summary, examples of three cratons (i.e., India, Sibe-
ria and Brazil) indicate that lithospheric thinning is very
common during the evolution of craton rather than occurred
uniquely in the NCC. Unlike the NCC, lithosphere thinning
in these cratons was not accompanied by craton destruction,
i.e., they remained stable after thinning.

3 Can thermal erosion by mantle plume cer-
tainly result in lithospheric thinning?

In the above discussions on the Indian, Siberian and Brazil-
ian cratons, the reason resulting in the thinning of cratonic
lithosphere has not been fully elaborated. Xenoliths en-

trained in the Deccan basalts and other related rocks have
demonstrated that lithosphere beneath the Indian Craton has
been thinned before the eruption of these magmas (Kar-
malkar et al., 2009). Moreover, these magmatic activities
were developed earlier than the late extension. This ex-
cludes the mechanical stretching as the reason for the litho-
sphere thinning of the Indian Craton (Hooper et al., 2009).
It has been suggested that the lithosphere thinning of the
Indian Craton was taken place coeval with the breakup of
the Gondwana supercontinent during the Mesozoic (Griffin
et al., 2009; Shalivahan et al., 2014). However, we prefer to
invoke magmatism triggered by the Deccan mantle plume
as the main mechanism for lithosphere thinning, because
little geological record is preserved in the Indian Craton
during breakup of the Gondwana supercontinent.

As discussed above, lithospheric thinning occurred in the
Siberian Craton during 360-160 Ma. Kimberlites erupted at
ca. 360 Ma was probably coeval with the Yakutsk mantle
plume (Courtillot et al., 2010). After that, the most im-
portant event that occurred in this craton was the Siberian
mantle plume, which erupted at ca. 250 Ma (Basu et al.,
1995; Renne, 1995; Reichow et al., 2009). Although basalts
of this age in this area have been explained by edge-driven
convection or delamination (King and Anderson, 1998;
Elkins-Tanton, 2005), it is commonly accepted that for-
mation of large volumes of basalts in the Siberian Craton is
related to the mantle plume (Saunders et al., 2005). Simi-
larly, the lithospheric thinning in the Brazilian Craton was
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coeval with the Trindade mantle plume, which formed the
Parana-Etendaka large igneous provinces (LIPs) and Mi-
nas-Goias (or Alto Paranaiba) alkaline igneous province in
South America (Gibson et al., 1995, 2006).

It has been proposed that mantle plumes are stemmed
from the core-mantle boundary and have relatively high
temperatures (Campbell, 2007). As a mantle plume imping-
es on the base of the lithosphere, the bottom of the litho-
sphere will be heated and weakened, and may be removed
by the horizontal flow of the asthenosphere, i.e., ther-
mal-mechanical erosion (Davies, 1994). Results of thermal
simulation suggested that it takes 10 Ma to thin a cratonic
lithosphere from 200 to 100 km by a mantle plume with a
temperature 1600°C, and 34 Ma from to 200 to 50 km
(Yuen and Fleitout, 1985). Higher temperature of the mantle
plume would fasten the lithospheric thinning or increase the
extent of the thinning at a certain time. In contrast, a small
mantle plume or an upwelling mantle with low temperature
would result in a limited scale of lithosphere thinning or
even no thinning of the craton (Qiao et al., 2013). Summary
of the Sr-Nd isotopic compositions of the Deccan and Sibe-
rian basalts (Figure 5) suggests that most basalts in both
areas display relatively higher Sr but lower Nd isotopic ra-
tios than basalts from other LIPs. This implies that the lith-
osphere made important contributions to the genesis of
these basalts. Hence, we suggest that the lithosphere be-
neath these two cratons was thinned through partial melting
of the sub-continental lithospheric mantle, which is also
supported by a resent study on the Tarim mantle plume (Xu
et al., 2014).

Nevertheless, is lithospheric thinning of all cratons in the
world caused by the mantle plume or upwelling mantle?
Here we take the South African Craton (Figure 6), a typical
craton in the world, as an example to illustrate this issue.
The South Afirican Craton has a very ancient history. It
consists of the Zimbabwe Craton in the north and the
Kaapvaal Craton in the south, which are connected by the
Limpopo orogenic belt in the middle. The oldest geological
records in the Kaapvaal Craton are preserved in the early
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Archean greenstones in Barberton and the gneisses in Swa-
ziland. It has been subjected to multiple stages of cratoniza-
tion at 3.1, 2.6 and 1.8 Ga, and then became a stable craton
(de Wit et al., 1992; Schoene et al., 2008). Similar to other
cratons, the South African Craton, after its formation, has
also been affected by several episodes of anorogenic mag-
matism (Torsvik et al., 2010), such as the Bushveld layered
intrusion in 2.1 Ga, the Umkondo and Karoo mafic
magmtism at 1.1 and 180 Ma, respectively (Jourdan et al.,
2005; Kinnaird, 2005; Hanson et al., 2006; Svensen et al.,
2012). Five episodes of kimberlites emplaced in the South
African Craton (Wu et al., 2011, 2013a), Kuruman (1.6 Ga),
Premier (1.2 Ga), Venetia (500 Ma), Jwaneng (250 Ma) and
Kimberley (140-90 Ma). However, the South African Cra-
ton has not been destroyed, and is exemplified as the repre-
sentative of stable craton in the world. The lithoporbe stud-
ies suggested that lithospheric thickness of this craton re-
mains more than 200 km (Bell et al., 2003; Pearson et al.,
2003), which is consistent with the geophysical data (Fouch
et al., 2004; Begg et al., 2009). It is also worth noting that
the Juina kimberlite emplaced at 94 Ma in the Amazonas
Craton has been suggested to stem from the core-mantle
boundary, as diamonds in this kimberlite pipe contain min-
eral inclusions deriving from core-mantle boundary (Harte,
2010; Walter et al., 2011). In fact, the Amazonas craton has
not been destroyed.

Cratons that were affected by mantle plumes or
upwelling mantle but have not been thinned or destroyed
are not uncommon. Even in China, the western part of the
Yangtze Craton was affected by the Emeishan mantle plume
during the Permian. Although evidence for lithosphere thin-
ning are still scarce, the Yangtze Craton was not destroyed;
in contrast, the lithosphere beneath the Yangtze Craton
might have been thickened through magma underplating
(Xu et al., 2004). In North China, formation of the Paleozo-
ic kimberlites might be related to mantle plume, which re-
sulted in the uplift of the most 200 million km? of the whole
craton during the Early Ordovician and Carbonaceous
(Yang et al., 2009). However, there is no evidence support-
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Sr-Nd isotopic compositions of basalt from Deccan and Siberian large igneous provinces.
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ing the lithospheric thinning or destruction at that time. If
thermal erosion of mantle plume can result in lithosphere
thinning, how could the lithosphere beneath cratons like the
South African Craton still keep their original thickness after
being affected by several mantle plumes? Discussion on this
question is beyond the scope of this paper. Here we provide
the example of the East European Craton (Baltica). This
craton has been subdivided into the North Kola and Karelia
Cratons in the Kola Peninsula (Figure 7). These two cratons
was collided along the Kola-Karelia orogenic belt at 1.9 Ga,
resulting in the final cratonization (Zhao et al., 2002). Dis-
tinctive anorogenic magmatic rocks, including kimberlites,
alkaline rocks and carbonatites, have been developed in this

craton during the Paleozoic, among which both Khibiny and
Lovozero are the two biggest alkaline plutons in the world.
Recent studies have shown that these two alkaline plutons
were formed in a short period of time at ca. 380 Ma (Wu et
al., 2013b) and have a close genetic relationship with man-
tle plume (Arzamastsev et al., 2001; Downes et al., 2005).
Constraints from both lithoprobe (Artemieva, 2003) and
geophysical data suggest that this craton has a crust with a
thickness of 40 km and a lithospheric mantle of 180 km.
Moreover, the lithospheric mantle consists of two portions,
the upper ancient mantle and the lower juvenile mantle.
This implies that the lower juvenile mantle was probably
accreted from the upwelling mantle plume during the
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Figure 7 Distribution of the Paleozoic alkaline rocks in the Kola Peninsula and their ages.

Phanerozoic. The East European Craton might have been
thinned by the mantle plume or the upwelling mantle, as
occurrence of basalts in large areas of this craton requires a
<125 km lithosphere (Ellam, 1992). However, large vol-
umes of low-density residual mantle can be produced after
large degrees of melting of the mantle plume, which could
form juvenile lithospheric mantle via cooling. Upwelling of
a mantle plume with a higher temperature or a bigger scale
would result in higher degrees of partial melting of the as-
thenosphere, which could produce more mantle residues. In
this case, the lithosphere beneath the craton should not be
subjected to obvious thinning, and could preserve its origi-
nal thickness. Therefore, whether the mantle plume can
trigger lithospheric thinning depends on several factors,
such as the size and thickness of the craton, the scale and
intensity of the plume, and the size of juvenile mantle
formed beneath the lithosphere (Petitjean et al., 2006).

4 Geological features of global destroyed cra-
tons

Besides the NCC, the North American Craton is another
craton that has been destroyed (Bleeker, 2003). The North
American Craton is composed of several cratons (Figure 8),
including the Superior Craton in the south, the Rae and
Hearne Cratons in the middle, the Slave Craton in the north
and the Wyoming Craton in the west. Collage of the Supe-
rior Craton in the south with the Rae-Slave-Wyoming Cra-
tons along the Trans-Hundson orogenic belt during 1.8-1.9
G formed a stable continent. After its formation, the North
American Craton has been subjected to multiple giant ther-

mal events, as represented by the MacKenzie dike during
1267-1268 Ma (Heaman and LeCheminant, 1993), the
Franklin dike in 723 Ma (Heaman et al., 1992), the mid-
continental rifting in 1109 Ma (Heaman and Machado,
1992), and several episodes of kimberlites widespread
within the craton (Heaman, 2003, 2004). However, this
craton remained stable before the Paleozoic. However,
subduction of the Pacific Ocean led to the formation of the
Cordillera orogenic belt in the west of North America,
which also resulted in the destruction of both the Wyoming
Craton, and the Yavapai-Mazatzal and Wopmay Paleopro-
terozoic orogenic belts (Dickinson, 2004).

After the formation of the Wyoming Craton during
1.8-1.9 Ga (Duebendorfer and Houston, 1987; Frost et al.,
1998), anorogenic magmatic rocks, including both Chicken
Park (615 Ma) and Iron Mountain (410 Ma) kimberlites,
were developed in its eastern margin, which lasted until the
Cenozoic. High alkaline rocks and lamprophyres were also
formed in different areas, like Bearpaw and Highwood
Mountains (Carlson and Irving, 1994; O’Brien et al., 1995;
Downes et al., 2004). Genesis of such lithologies supports
that the Wyoming Craton is stable. During the subduction of
the Pacific Ocean, the whole North America continent was
subjected to strong magmatism and deformation, which
extended to 1500 km within the hinterland. The Pacific
subduction resulted in the magmatism along the Cordillera
active continental margin, and the formation of both the
Colorado plateau and the Basin and Range Province. Re-
markable volcanic and intrusive complexes, including the
Rocky Mountains, the Idaho Batholith, the Sierra Nevada
Batholith and the Peninsula Batholith, were developed dur-
ing the Pacific subduction. In particular, the Idaho Batholith,



WuFY,etal.

which locates at the western margin of the Wyoming Craton
(Figure 8), was formed via partial melting of old crustal
materials. Such a case is very similar to the NCC. Tectoni-
cally, the Cordillera orogenic belt is mainly expressed as
multi-stage compressional and extensional deformation,
which is exemplified by the extensional structures and the
metamorphic core complex in the Basin and Range Prov-
ince (Sonder and Jones, 1999). Clearly, the western part of
the North American Craton has been significantly destroyed
and lost its stability during the Mesozoic and Cenozoic.

Previous studies suggested that the lithosphere of the
Wyoming Craton and its adjacent areas have been consid-
erably thinned since the Mesozoic. However, it is still con-
troversial over the mechanism for lithosphere thinning, and
different mechanisms have been proposed, including ther-
mal erosion, stretching and so on. However, it is commonly
accepted that delamination of the thickened crust triggered
the lithospheric thinning in this area (Bird, 1979; Ducea and
Saleeby, 1998; Lee et al., 2000; Zandt et al., 2004; Boyd et
al., 2000).

Discussion on the reason why granites and metamorphic
core complex are formed in the Cordillera area could pro-
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vide invaluable information of evolution for other destroyed
cratons. Although different mechanisms have been pro-
posed to explain the formation of these granites and meta-
morphic core complexes, it is generally suggested that their
formation is related to the oceanic subduction. The sub-
ducted slab influences the above mantle wedge in two ways.
Firstly, fluids or melts released through dehydration of the
subducted slab metasomatize the above mantle wedge,
which decreases the solidus of mantle peridotites and trig-
gers partial melting to produce magmas. This is the reason
for development of extensive magmatism in active conti-
nental margins. Secondly, slab-derived fluids or melts tend
to decrease the viscosity of mantle lithosphere and result in
a rheologically instability, which is conducive to different
types of structural deformation in the lithosphere (Lenardic
et al., 2003; Lee et al., 2011). From the perspective of crust,
hence, the destroyed Wyoming Craton is characterized by
development of large volumes of granites and extensional
deformation within the crust.

Similarly, except local influences from the Paleo-Asian
and Paleo-Tethyan oceans (Chen et al., 2013; Ma et al.,
2013), destruction of the NCC has been generally ascribed
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to the westward subdction of the Pacific Ocean during the
Mesozoic (Zhang et al., 2009; Zheng and Wu, 2009; Zhu et
al., 2012; Li, 2013). This issue has been discussed previ-
ously in details (Wu et al., 2007), and new evidences come
from water contents of mantle xenoliths of different ages
(Xia et al., 2010, 2013). It is worth noting that large vol-
umes of crustal magmas represented by granites (Wu et al.,
2005) and extensional deformation represented by meta-
morphic core complexes (Wang et al., 2012) were widely
developed during the destruction of the NCC, which is very
similar to the western margin of North America. Therefore,
if both the NCC and the North America Craton are taken as
stereotypes of craton destruction, then the extensive granitic
magmatism and metamorphic core complexes could be re-
garded as petrological and structural indicators of craton
destruction.

5 Conclusions

Based on the summarization of the global cratons, we can
draw the following conclusions: (1) Lithospheric thinning is
common in the evolution of cratons, which is not certainly
accompanied by craton destruction. That is, lithosphere
thinning is not equal to craton destruction. (2) Mantle plume
or upwelling mantle can lead to lithospheric thinning.
However, example of craton destruction caused by mantle
plume has not yet been documented. (3) Craton destruction
is more likely related to the subduction of oceanic crust. (4)
Extensive granitic magmatism and metamorphic core com-
plexes can be treated as the petrological and structural indi-
cators of craton destruction.
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