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A B S T R A C T   

The formation of widespread Late Mesozoic magmatic rocks (dominantly felsic rocks) in SE China needs a 
physical and chemical balance between crustal and mantle melting, which could be reconciled by complicated 
transcrustal magmatic systems in deep crustal hot zones with time. After the relative magmatic quiescence at ca. 
210–180 Ma, magmatic activities were mainly developed in the interior of SE China with an areal distribution 
and subsequently concentrated in the present coastal area with an overall linear pattern after ca. 140 Ma except 
the Lower Yangtze region. The spatiotemporal change requires a unique crust-mantle geodynamic coupling with 
the evolution of deep crustal hot zones from intracontinental to continent marginal setting. Correspondingly, the 
magmatic rocks show a compositional change from bimodal distribution in Early and Middle Jurassic to 
unimodal and weakly bimodal pattern in Late Jurassic and Early Cretaceous. In general, most of the Late 
Mesozoic intermediate to felsic magmatic rocks show higher Mg# than typical rifting-related rocks at given SiO2, 
which requires the addition of water and possible mass transfer and mixing of underplated hydrous basaltic 
magma in the deep crustal hot zones. The occurrence of high-Sr/Y and La/Yb rocks and possibly thickened crust 
(ca. 40 km) before ca. 140 Ma, combined with the current thin crust thickness (ca. 31-33 km) as revealed by 
seismic data, indicates a widespread crustal thinning after ca. 140 Ma. The relatively thickened crust before ca. 
140 Ma is beneficial for melting of underlying old crust that is composed of dominantly Neoproterozoic and 
Paleoproterozoic components, the formation of porphyritic Cu deposits, the subsequent magmatic differentiation 
and associated giant W, Sn, Nb, Ta and Li ore deposits. In contrast, the deep crustal hot zones progressively 
migrated to the present coastal area after ca. 140 Ma, driving the increasing amounts of intermediate rocks and 
intermediate-felsic volcanic rocks. In general, the diversity and compositional change of Late Mesozoic magmatic 
rocks and associated ore deposits in SE China may be controlled by the evolution of deep crustal hot zones in 
different tectonic settings in response to the subduction of Paleo-Pacific Plate.   

1. Introduction 

In active continental margins, the underplating of hydrous basaltic 
magmas generated by partial melting of depleted mantle that has been 
metasomatized by fluids released from subducted slab serves as a 
dominant trigger for extensive crustal melting and subsequent mixing, 
assimilation and hybridation between different types/batches of melts 
(Annen et al., 2006; Solano et al., 2012). In this regard, complicated 
magma chamber processes in transcrustal magmatic system (Cashman 
et al., 2017) are believed to be responsible for the diversity of magmatic 
rocks (Bachmann and Bergantz, 2004; Annen, 2009; Cole et al., 2014; 
Glazner et al., 2015; Bachmann and Huber, 2016) and the formation of 

ore deposits (Cheng et al., 2018) in active continental margin settings. 
However, it is unclear whether deep crustal hot zones could be also 
generated in an intracontinental setting and how they work and evolve 
during the transition from intracontinental to continental margin set
tings. This model was first advocated to explain the incremental 
emplacement of the Late Jurassic Ganfang-Guyangzhai intrusive suite 
(Wang et al., 2017) following Annen et al. (2006), and further test on the 
model is necessary. Southeast (SE) China is a unique area by its wide
spread Late Mesozoic magmatic rocks and associated W, Sn, and REE 
polymetallic ore deposits (Sun, 2006; Zhou et al., 2006; Sun et al., 2007, 
2012; Hua et al., 2005, 2010; Hu and Zhou, 2012; Mao et al., 2013; Chen 
et al., 2014a, 2014b; Hu et al., 2017; Zhu et al., 2019). In particular, the 
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Late Mesozoic magmatic rocks can be divided into Early (i.e. Jurassic) 
and Late Yanshanian (i.e. Early Cretaceous) stages with the age 
boundary approximately at 140 Ma (Zhou et al., 2006). The former is 
mainly formed at 180–140 Ma and located in the interior of the 
Cathaysia Block whilst the latter is dominantly formed at 140–80 Ma in 
the present coastal areas of SE China (Fig. 1). The tectonic driving 
mechanism for the formations of the magmatic rocks and associated ore 
deposits is hotly debated in the last decades with different models 
having been proposed (e.g., Zhou et al., 2006; Li and Li, 2007; Sun et al., 
2012; Liu et al., 2016), but little attention has been paid on the coupling 
of crustal and mantle melting behaviours and its influence on the di
versity of magmatic rocks. 

In this study, we take advantage of a new database on the Late 
Mesozoic magmatic rocks and combine the available seismic data to 
further construct a synthetic model of the evolution of deep crustal hot 
zones in different geological settings. A correlation of the diversity of 
magmatic rocks and ore deposits is also investigated upon this model. 
We suggest the regional crustal thinning after ca. 140 Ma due to the 
retreat of subduction of Paleo-Pacific Plate resulted in the transition of 
coupling of deep crustal and mantle melting and the diversity of 
magmatic rocks and ore deposits in different types of deep crustal hot 
zones. 

2. Geological background 

The South China Block is one of the dominant continental blocks in 
East Asia and consists of three units: the Yangtze Block in the northeast, 
the Cathaysia Block in the southeast, and the intervening Neo
proterozoic Jiangnan orogen (Fig. 1; Wang et al., 2007, 2014; Shu et al., 
2011a). The latter two are geographically called as Southeast (SE) China 
and they experienced significant tectonic-magmatic overprinting in 
Early Palaeozoic, Early Mesozoic, and Late Mesozoic (Zhou et al., 2006; 
Shu et al., 2009, 2014; Charvet, 2013; Li et al., 2014, 2017). Voluminous 
granitic rocks were generated at each of the overprinting events (Sun, 
2006; Zhou et al., 2006; Shu et al., 2014; Huang et al., 2019). In spite of 
the consensus on Neoproterozoic amalgamation along the SE margin of 
the Yangtze Block (i.e. the Jiangnan orogen), the composition, structure, 
and tectonic setting and affinity of the Cathaysia Block are obscure. 
Besides the sporadically exposed Paleoproterozoic magmatic rocks and 
paragneiss in the northern Cathaysia Block (Yu et al., 2009, 2012; Xia 
et al., 2012), the oldest known rock occurrences in SE China are of 
Neoproterozoic era, including sedimentary rocks and few volcanic and 
intrusive rocks (Huang et al., 2019). Some of the rocks are meta
morphosed to gneiss and schist in Early Palaeozoic and they may serve 
as the dominant source of crustal anatexis at that time (Huang et al., 

2019). In addition, the Neoproterozoic rocks are also regarded as the 
main source of the Early Mesozoic granitoids (Gao et al., 2017) and some 
of the Late Mesozoic (Jurassic) granitoids (Shu et al., 2011b). Among the 
granitoids formed in the three episodes, those of Late Mesozoic received 
the greatest attention because: (1) they have the largest outcropping 
area; (2) their spatial distribution covers the largest area; (3) they (in 
particular the Jurassic granitoids) are associated with the super W-Sn 
polymetallic ore deposits; and (4) they (in particular the Cretaceous 
granitoids) are associated with volcanic counterparts (Fig. 1b; Liu et al., 
2020). The Jurassic granitoids are massive and dominantly composed of 
biotite granite with geochemical compositions resembling I-, S-, and 
A2-types of granite. Some scholars suggest some of the rocks typically 
show highly fractionated geochemical features (Chen et al., 2014a, 
2014b; Huang and Jiang, 2014; Qiu et al., 2017; Wu et al., 2017). 
Accompanying the formation of Jurassic granitoids, a few OIB (ocean 
island basalt)-like basaltic rocks and syenite were formed at ca. 
190–170 Ma (some basalts are even slightly older) with an overall W-E 
trending in S Hunan, S Jiangxi, and SE Fujian provinces (Chen et al., 
2004; Zhang et al., 2004; Li et al., 2007; Dai et al., 2008; Xu et al., 2017; 
Liu et al., 2020 and references therein). The volume of Early-Middle 
Jurassic mafic rocks is not comparable to those in Late Jurassic and 
Early Cretaceous, but it takes a higher proportion relative to that of the 
contemporaneous granitoids than the other episodes, constituting a 
bimodal distribution pattern with less intermediate (SiO2 = 55–65 wt%) 
rocks (Fig. 2A-B). Combined the published age data, it is clear the 
Jurassic and Early Cretaceous magmatic rocks show different spatial 
distribution patterns, with the former constituting an areal distribution 
and covering a large area of the interior (inland at present coordinate) of 
SE China (Fig. 1A), whereas the latter mainly concentrating along the 
present coastal area of SE China except those in the Lower Yangtze re
gion (Fig. 1B). Regarding the associated ore deposits, the W-Sn poly
metallic deposits are closely related to the Late Jurassic (in particular 
the 160–150 Ma) granitoids (Sun et al., 2012; Hua et al., 2005, 2010; Hu 
and Zhou, 2012; Mao et al., 2013; Chen et al., 2014a, 2014b; Hu et al., 
2017); the porphyry Cu deposits are commonly formed at the middle 
Jurassic (ca. 180–160 Ma) (Hu and Zhou, 2012; Mao et al., 2013) with 
close relationships with adakitic rocks (Wang et al., 2006). Au-As-Sb-Hg 
deposits are associated with the Late Yanshanian rocks (135–80 Ma; Hu 
and Zhou, 2012). Granite-related Nb-Ta mineralization can straddle the 
Late Jurassic and Early Cretaceous (Xie et al., 2019; Tian et al., 2020; 
Xiong et al., 2020). 

3. Variations of magmatic compositions 

Since the Late Mesozoic magmatic rocks in SE China are voluminous 

Fig. 1. Spatial distribution of Late Mesozoic granitoids (red colour) and volcanic rocks (blue colour) showing the contrasting distribution patterns. NCC, North China 
Craton; QL-DB Belt, Qinling-Dabie orogenic belt. 
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(over 250,000 km2; Liu et al., 2020), case studies are obvious not enough 
for constructing the tectono-magmatic evolution of SE China and it is 
necessary to make a statistical analysis on the magmatic compositions. 
Available whole-rock geochemical data make it possible to reveal the 
spatiotemporal distribution and the synthesis by combination of 
different types of data can be a very useful tool. If combine all the 
published data together, a clear geochemical tendency of magmatic 
activities can be identified in terms of SiO2 content with time. Generally, 
a bimodal composition distribution is clear for the Early-Middle Jurassic 
(200–160 Ma) magmatic rocks in SE China (Fig. 2A and 2B). The SiO2 

contents of 60–68 wt% are mainly from the coeval syenites. It should be 
noted that the distribution cannot reflect the real outcropping area due 
to sampling bias. For example, there are no evident basaltic and basaltic 
andesitic rock outcrops in the Early-Middle Jurassic (200–160 Ma), 
while the contemporaneous felsic rocks that span a large range from 60 
wt% to 78 wt%, with one dominant peak at 70–78 wt%, take the ma
jority (Fig. 2A and 2B). Subsequently, basaltic magmatic activities were 
very tiny after ca. 160 Ma for a short time (Fig. 2C) and then turned to be 
stronger after ca. 140 Ma although the relative intensity to felsic 
magmatic activities is still feeblish (Fig. 2D-F). The Early Cretaceous 
felsic rocks show varying SiO2 contents and mainly fall in the range of 
65–78 wt%, with the main peak at 74–78 wt% (Fig. 2D-F). This is 
particularly evident in the period 100–80 Ma (Fig. 2F). The high SiO2 
contents could be explained by crystal differentiation in crystal mush of 
common granitic magmas (Bachmann and Bergantz, 2004, 2008) and/ 
or by melting of high-Si crustal rocks as pervious melting experiments 
have shown to us (Montel and Vielzeuf, 1997). The differentiation of 
mafic magmas seems impossible for the generation of such voluminous 
high-Si rocks since their volume clearly cannot be comparable with that 
of the felsic rocks. Regarding to the formation of the Late Mesozoic in
termediate rocks, four possibilities could be addressed: (1) mixing of 
felsic magmas with basaltic magmas; (2) partial melting of mafic lower 
crust; (3) differentiation of basaltic magmas; and (4) crystal accumula
tion of felsic magmas in crystal mush. Neither of them can be fully 
excluded or proven and we suggest different mechanisms may have 
contributed for the compositional diversity of the magmatic rocks. Ac
cording to the overall distribution of SiO2 contents of the Late Mesozoic 
magmatic rocks in SE China, we prefer that the first one could be the 
dominant mechanism for the formation of Early-Middle Jurassic inter
mediate rocks since there are two SiO2 compositional gaps at 54–60 wt% 
and 68–70 wt% (Fig. 2A-B). Theoretically, magmatic differentiation and 
accumulation can both generate gradual compositional change. In this 
regard, the fourth one may have played the most important role for the 
Late Jurassic (160–140 Ma) and Early Cretaceous (140–100 Ma) inter
mediate (SiO2 = 60–70 wt%) rocks (Fig. 2C-E) because of the following 
reasons: (1) there is no evident outcrops of Jurassic basaltic rocks 
(Fig. 2C-E); (2) there is a gradual compositional change with SiO2 con
tents from 60 wt% to 78 wt% (Fig. 2C-E); and (3) many of them have 
highly fractionated geochemical features with SiO2 contents over 72 wt 
% (Fig. 2C-E; Chen et al., 2014a, 2014b; Huang and Jiang, 2014; Qiu 
et al., 2017; Wu et al., 2017) which may leave cumulates with inter
mediate compositions. In contrast, the differentiation of basaltic 
magmas is also possible for the formation of Cretaceous mafic inter
mediate rocks with SiO2 = 52–60 wt% (Fig. 2D-F). 

The changes of SiO2 contents with time shed light on the melting 
behaviours in the deep crust. The relative scarcity of Jurassic basaltic 
rock outcrops in the Late Mesozoic does not negate the generations of 
basaltic magmas at that time. In contrast, a large amount of basaltic 
magma is necessary because of the profound heat budget for the gen
eration of contemporaneous voluminous granitoids. The basaltic 
magmas could underplate at the base of crust of the Cathaysia Block but 
were hindered by a barrier at the lower crust as indicated by Annen et al. 
(2006) in the deep crustal hot zones. With the solidification of the 
underplated basaltic magma, heat and fluids were released to the crust, 
resulting in widespread crustal melting to form the coeval granitoids 
especially in the period 160–140 Ma. Magma mixing between basaltic 
and felsic magmas in the deep crustal hot zones is possible, as seen by the 
mafic enclaves in the Late Mesozoic granitoids in SE China. Since the 
crust in Middle-Late Jurassic may be thick relative to Cretaceous, 
combined with the contribution of other fluids from wall rocks, a pro
longed magmatic evolution and differentiation are probable, so that the 
intermediate to felsic rocks can be formed by the fractional crystalliza
tion and accumulation in felsic magmas (Annen et al., 2006). In contrast, 
in the Cretaceous era, because of possible crustal thinning due to roll
back of the subducting slab (Zhou et al., 2006), basaltic magmas can 
move upward along the pre-existed fractures and finally generate the 

Fig. 2. Variations of SiO2 contents with time for the Late Mesozoic magmatic 
rocks. Note the different variations and ranges of SiO2 (wt%) between the Early 
Yanshanian (Jurassic) (A-C) and Late Yanshanian (Early Cretaceous) (D-F). See 
details in the text. 
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bimodal geochemical characteristics with the contemporaneous felsic 
rocks as shown in Fig. 2D-F. This is consistent with the difference of SiO2 
between the periods 160–140 Ma (Fig. 2C) and 140–120 Ma (Fig. 2D). 
Consequently, because of crust thinning, the felsic magmas were not 
easy to get enough pathways and fluids for significant differentiation as 
the period 160–140 Ma. Therefore, the 100–80 Ma felsic rocks do not 
show a significant spread of SiO2 content (Fig. 2F). A few intermediate 
rocks also formed in the period 100–80 Ma (Fig. 2F), which may be 
resulted from crystal fractionation of basaltic magmas as mentioned 
above and additional mixing with coeval felsic magmas. The 120–100 
Ma felsic rocks show a felsic bimodal distribution in the SiO2 range of 
60–80 wt% (Fig. 2E). This may indicate the existence of two dominant 
types of felsic melts in this period, and the mixing of felsic magmas could 
be the dominant mechanism for the compositional variations of the 
granitoids in this time. 

The different contributions of fluids in generating the compositional 
diversity of Jurassic and Early Cretaceous granitoids can also be shown 
in the diagram of Nb/Ta with time (Fig. 3). This ratio is commonly stable 
(15, n = 2141 of a worldwide compiled granite database of Tang et al., 
2020) in magmatic processes but will decrease due to the existence of 

interaction with fluids. The Early Jurassic granitoids show a unimodal 
distribution in Nb/Ta ratio, with the peak at around 13 (Fig. 3A). The 
ratios of the Middle Jurassic granitoids in SE China decrease systemat
ically, with a dominant peak at around 9 and a tiny peak at 3 (Fig. 3B). 
The Late Jurassic granitoids show profound decreasing of Nb/Ta ratio 
with a plateau in the range of 2–10 (Fig. 3C). In contrast, the ratio turns 
to be overall normal for the Early Cretaceous granitoids, with peaks 
increasing from 10 to 16 with time (Fig. 3D-F). Therefore, it is suggested 
that the Middle and Late Jurassic granitoids in SE China experienced a 
significant differentiation facilitated by fluids and possibly other factors 
(e.g., thick crust). Such strong differentiation is consistent with the 
formation of giant W-Sn polymetallic deposits in these periods. 

4. Crustal thinning 

The Mesozoic evolution of lithosphere and the role of possible huge 
mantle wedge on the western margin of the Paleo-Pacific Plate have 
been hotly debated in recent decades. It has been constituted that the 
North China Craton experienced significant lithospheric thinning 
although the specific roles of delamination and thermal erosion are 
unclear (e.g. Xu, 2004; Zhai et al., 2005, 2007; Deng et al., 2007; Wu 
et al., 2008; Yang et al., 2008). However, no solid evidence is available 
to support a similar lithospheric thinning in SE China although the 
underplating of basaltic magmas has been proposed (Zhou and Li, 2000; 
Zhou et al., 2006). Theoretically, if the lithospheric thinning in the 
North China Craton was related to the westward subduction of the 
Paleo-Pacific Plate, it is expected to see such processes in SE China. 
However, this could be alternatively affected by the rotation of sub
duction angle and the evolution of the Paleo-Pacific Plate (Sun et al., 
2007). The composition of pre-Mesozoic crystalline basement could 
have also contributed to the absence of significant crustal thinning in SE 
China, since the Cathaysia Block may have been composed of some 
terranes that are progressively accreted to the SE margin of the Yangtze 
Block. The united South China Block (including the Cathaysia Block) 
may have been formed before the Late Mesozoic but there might be not a 
thick lithospheric mantle like the North China Craton. In spite of the 
geological uncertainties, there is no evidence from lower crust xenoliths 
to prove the actual thinning in SE China so far. In this regard, it is 
necessary to seek more information from the published geochemical 
data of the Late Mesozoic magmatic rocks and the seismic data in the 
area. 

Sr/Y and La/Yb ratios of intermediate-felsic magmatic rocks could be 
effective tools to evaluate crustal thickness (Chiaradia, 2015; Profeta 
et al., 2015) because the former requires the absence of plagioclase in 
the residue while the latter could be resulted from the stability of garnet 
in source which need a melting depth approaching to about 40 km (~1.2 
GPa) or deeper for a mafic source (Rapp and Watson, 1995; Rapp et al., 
1999). It should be noted that the residual garnet could also be gener
ated by partial melting of a pelitic source and thus a thickened crust is 
unnecessary and Sr/Y ratio is more appropriate for such magmatic rocks 
with higher 87Sr/86Sr ratios and lower 143Nd/144Nd ratios. Therefore, it 
is concluded that a combined analysis on Sr/Y and La/Yb ratios could be 
effective to estimate the melting depth of magmatic rocks. Although the 
melting of delaminated crust and possible subsequent contamination by 
lithospheric mantle could also generate such adakitic rocks (Wang et al., 
2006), there is no doubt on the existence of crustal thinning following 
previous crustal thickening. According to the available geochemical and 
age data, except the Lower Yangtze region, high-Sr/Y and La/Yb rocks in 
SE China formed generally at the period ca. 175–140 Ma with very rare 
approaching 130 Ma (Xia et al., 2016 and references therein). The 
sporadically distributed younger phase may be related to the tectonic 
process in the Lower Yangtze region where evident high-Sr/Y and La/Yb 
rocks have been reported (some are called as “adakitic” in composition; 
Xu et al., 2002). 

Seismic data provide constraints on the crustal thinning in SE China. 
The present crustal thickness in the major Cathaysia Block is confined at 

Fig. 3. Variations of Nb/Ta ratios with time for the Late Mesozoic granitoids 
and volcanic rocks. Note the different distributions from Late Jurassic to 
Early Cretaceous. 

X.-L. Wang et al.                                                                                                                                                                                                                                



Ore Geology Reviews 134 (2021) 104143

5

31–33 km (Dong et al., 2020) and the lower crustal composition is 
believed to be intermediate to felsic due to the low Vp/Vs ratios (He 
et al., 2013). Therefore, it is clear there was a crustal thinning after ca. 
140 Ma in the interior of SE China. Combined with the lack of adakitic 
rocks post ca. 140 Ma and the eastward and north-eastward migration of 
magmatic activities (Fig. 1; Liu et al., 2020), as well as the increasing 
bimodal geochemical features (Zhou et al., 2006) after ca. 140 Ma and 
the smooth lower crustal seismic profile of He et al. (2013) and Dong 
et al. (2020), we suggest that the crustal thinning happened during ca. 
140–130 Ma, which is accompanied with extensional structures (Li 
et al., 2014). 

It is noted that present thin crust area is just the area for the gener
ation of voluminous Jurassic and Early Cretaceous granitoids with high 
Nd model ages and U concentrations and low Sr concentrations and Sr/Y 
ratios (Figs. 4 and 5). The high-Sr/Y and Sr granitic rocks mainly occupy 
the area of the Jiangnan orogen for the Jurassic time (Fig. 4C-D) and the 
areas of Lower Yangtze region and some parts of the coastal areas for the 
Early Cretaceous time (Fig. 5C-D). It is possible that the interior of the 
Cathaysia Block did not experience crustal thickening with the extent 
same as the Jiangnan orogen, but the thinning from the Jiangnan orogen 
could also generate the regional thinning underneath the Mesozoic 
Cathaysia Block so that the whole Cathaysia Block has a smooth crustal 
thickness (He et al., 2013; Dong et al., 2020). The high Nd model ages 
(Fig. 4A) and U concentrations (Fig. 4B) in the interior of the Cathaysia 
Block imply the partial melting of old crust could be feasible for the giant 
Late Mesozoic mineralization of W and Nb-Ta deposits in Jurassic. 
Although the crust in the mainland of the Cathaysia Block could be 
dominantly of Neoproterozoic age as suggested by Gao et al. (2017) and 
Huang et al. (2020), it should contain a lot of old materials recycled from 
Paleoproterozoic crust as indicated by the Nd model ages for the Jurassic 

(Fig. 4A, B) and Early Cretaceous granitoids (Fig. 5A, B). As indicated by 
the occurrences of minor Nb-, Ta-, W-, and Sn-rich minerals in Neo
proterozoic (Xiang et al., 2020) and some small ore deposits in Early 
Paleozoic and Early Mesozoic (Cheng et al., 2013; Tian et al., 2020), the 
multiple and progressive reworking of such old crust materials plus the 
addition of later rocks and fluids might be the dominant mechanism for 
the generation of Late Mesozoic giant W-Sn polymetallic ore deposits. 

5. Tectonic setting for crustal melting 

The formations of widespread Late Mesozoic granitic rocks and 
associated basaltic magmatic rocks need a balance between crustal and 
mantle melting behaviours. There are two common ways of crustal 
melting to generate granitic rocks. For dehydration melting of crustal 
materials, there is no sufficient water to decrease the melt solidus 
dramatically, and thus an excess heat is necessary for the widespread 
crustal melting. The heat could be provided by underplated basaltic 
magmas within the deep crustal hot zones (Annen et al., 2006). In 
contrast, for water-fluxed melting, water addition is beneficial for 
melting at lower temperatures. SiO2–Mg# diagram could be useful to 
discriminate tectonic settings of active continental margins from within- 
plate and rifting setting because water addition in active continental 
margin setting can suspend the decreasing of Mg# at given SiO2 con
tents, assuming all samples formed in a magmatic differentiation process 
(Chen et al., 2019). This geochemical trends in the diagram will not be 
affected by magmatic differentiation and fractional crystallization 
(accumulation) for a large database because these mechanisms can take 
place in either tectonic settings. Both dehydration and water-fluxed 
melting mechanisms can be existed or co-existed in an active conti
nental margin setting and generally show an increasing Mg# at given 

Fig. 4. Distributions of two-stage model ages (Ma) (A), U (ppm) (B) and Sr (ppm) (C) concentrations, and Sr/Y ratios (D) of the Jurassic granitoids and volcanic 
rocks. The crustal thickness map is cited from He et al. (2013). The numbers on the crustal thickness line indicate the thickness (unit: km). The numbers in the right- 
down insets of each picture show the scales of values with the size of solid circles. 
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SiO2 contents (Chen et al., 2019), which is contrary to typical within- 
plate or rifting setting that is commonly characterized by high temper
ature melting due the absence of water/fluids. 

If putting all the magmatic rocks together in the SiO2-Mg# plot, it is 
clear both the Early (Jurassic) and Late Yanshanian (Early Cretaceous) 
magmatic rocks show a distribution like the Peninsular Ranges Batholith 
(PRB; southern California) felsic rocks formed in active convergent 
margins (Fig. 6). Very few Late Mesozoic magmatic rocks constitute a 
distribution close to typical A-type granites in plume- and rifting- related 
settings. This is reasonable because there some a few Late Mesozoic A- 
type granites in SE China, including the 100–90 Ma A-type granites 
along the present coastal area (Xie et al., 2005), and rare 190 Ma (Zhu 
et al., 2010) and 150 Ma A-type granites (Huang et al., 2011) in the 
interior of the Cathaysia Block. In addition, some Jurassic granitoids 
have high Mg# (>50) at SiO2 contents over 65 wt% (Fig. 6). This might 
be resulted from significant differentiation of the granitic rocks in which 
Fe-rich minerals (like magnetite, titanomagnetite and ilmenite) may 
crystallize earlier than other mafic minerals (like biotite) to facilitate a 
higher Mg# in such felsic residual melts. This strong differentiation is 
consistent with the formation of giant W-Sn polymetallic mineralization. 
In general, the Late Mesozoic magmatic rocks in SE China formed in a 
setting related to subduction, although the specific mechanisms for the 
subduction are debated and whatever there was a change from intra
continental to continent marginal settings. 

6. An integrated model 

The aforementioned geochemical and geophysical observations led 
us to constitute the evolution of melting process in the deep crustal hot 
zones during Late Mesozoic. As aforementioned, the similarity of SiO2- 

Mg# distribution pattern of both the Jurassic and Cretaceous magmatic 
rocks with typical continental arc rocks requires the subduction of the 
Paleo-Pacific Plate during Late Mesozoic. The subduction may have 
started at ca. 170 Ma (Liu et al., 2020), following the relative magmatic 
quiescence of 210–180 Ma (Zhou et al., 2006; Liu et al., 2020) and the 
formation of W-E-trending basaltic belt in the east Nanling range (Zhou 
et al., 2006; Dai et al., 2008). 

During the Jurassic era, hydrous basaltic magmas were generated by 
melting of mantle that has been metasomatized by fluids released from 
the subducted slab and sediments. The hydrous basaltic magmas 
ascended to the base of crust and were stored there because the melting 
of crust may have formed a barrier to prevent continuous ascent of the 
basaltic magmas (Fig. 7A). The crystallization of the hydrated basaltic 
magmas released water to the crust, in addition to the heating by itself, 
led to the melting of lower to middle crust to form the significant 
granitic magmas and resultant widespread granitic rocks (Fig. 7A). The 
contribution of mantle-derived materials is also supported by the 
increased Nd and Hf isotopic compositions in some Jurassic granites 
(Zhu et al., 2006; Li et al., 2009, 2013), although it is unclear whether 
there is direct contribution from mantle-derive magmas or not. Due to 
the seal of the basaltic magmas, very little basaltic magma found their 
pathways to crystallize at shallow crustal levels or erupted, and there 
was no significant magma mixing between felsic and mafic magmas. In 
this regard, the felsic magmas moved upward to across the thick crust 
that may have resulted from the orogenesis. The increasing fluids and 
possible extra fluids from wall rocks during magma ascent and evolution 
are feasible to expand the differentiation process to generate highly 
differentiated granites and ore deposits (like W, Sn, Nb, and Ta) were 
formed in some later intrusions (Fig. 7A). Punctuated MASH (melting, 
assimilation, storage, homogenization) processes (Walker et al., 2015), 

Fig. 5. Distributions of two-stage model ages (Ma) (A), U (ppm) (B) and Sr (ppm) (C) concentrations, and Sr/Y ratios (D) of the Early Cretaceous granitoids and 
volcanic rocks. The data sources and other information are same as Fig. 4. 
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particularly the mixing between felsic magmas and subsequent differ
entiation, are possible in different specific complicated transcrustal 
magmatic systems that are generated in the deep crustal hot zones, 
which could contribute the diversity of Late Mesozoic granitic rocks and 
ore deposits. The overall compositional diversity is fundamentally 
controlled by the coupling and decoupling of mantle and crustal melting 
in different stages. 

After crustal thinning at ca. 140 Ma, there was subduction retreat 
and significant roll-back of subducted oceanic slab, in response to the 
evolution of the Paleo-Pacific Plate (Sun et al., 2007). Deep crustal hot 
zones also formed in this tectonic setting but mainly migrated to the 
present coastal area of SE China. Hydrous basaltic magmas can also be 
generated in this circumstance, but the barrier in the lower crust could 
not be effectively constituted because the crust in the interior of the 
Cathaysia Block had been in an extensional setting (Fig. 7B). The com
bination of widespread fault system in the continental arc crust of pre
sent coastal area even the thick crust at coastal areas as indicated by 
high-Sr/Y and Sr (Fig. 5C and 5D) could not either facilitate the 
ascent of more basaltic magmas to shallow crustal levels. Subsequently, 
some basaltic rocks were formed and the possible mixing with felsic 
melts and accumulation of felsic melts could generate the intermediate 
rocks (Fig. 7B). In addition, the mixing between felsic magmas from 
shallower crustal levels would turn to be dominant in controlling the 
geochemical diversity of the granitoids in this time (Fig. 7B). The mixing 
and accumulation processes may be not prevailing after ca. 100 Ma, 
which might have been resulted from a new subduction retreat and the 
extension generated another stage of crustal thinning that could not 
provide enough depth for a long differentiation of the felsic magmas. 

7. Conclusions 

The available geochemical, geochronological and seismic data in SE 
China provide us an opportunity to investigate the lithospheric 

Fig. 6. SiO2-Mg# diagram showing the distribution of the Late Mesozoic 
magmatic rocks (modified after Chen et al., 2019). Mg# = cation Mg2+/(Mg2+

+ Fe2+) × 100%. The data for PRB (Peninsular Ranges Batholith in southern 
California) and Iceland were from Lee et al. (2007) and GEOROC database 
(http://georoc.mpch-mainz.gwdg.de/georoc/), respectively. 

Fig. 7. An integrated model showing the changes of state of deep crustal hot zone (modified after Annen et al., 2006). A) Deep crustal hot zones formed in a thick 
crust environment at Early Yanshanian (Jurassic) and hydrous basaltic magmas dominantly emplaced at the base of crust. Interaction between mafic and felsic 
magmas are less significant. B) Deep crustal hot zones formed in a thin crust environment at Late Yanshanian (Early Cretaceous). Part of the basaltic magmas 
ascended and may interact with the crust-derived felsic melts. See details in the text. 
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evolution and deep processes that constrain the diversity of magmatic 
rocks and ore deposits. It is concluded that there was a regional crustal 
thinning at ca. 140 Ma in the interior of SE China and this tectonic 
switch played constraints on the effect of underplated hydrous basaltic 
magmas. The different magmatic behaviours in the coupling of basaltic 
and felsic magmas suggest that deep crustal hot zones can be formed in 
an intracontinental setting at Middle-Late Jurassic so that the addition of 
water and fluids from the degassing of underplated hydrous basaltic 
magmas can facilitate crustal melting. Along with the tectonic transition 
from intracontinental to an active marginal setting, the formation of 
hydrous basaltic magmas may migrate to the present coastal area of SE 
China due to the retreat of Paleo-Pacific Plate. The differentiation and 
accumulation of basaltic and felsic magmas may be the dominant 
mechanisms for the diversity of Late Mesozoic magmatic rocks in SE 
China 
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