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A B S T R A C T   

The Eastern Cathaysia Block located to the western side of the Pacific Plate was mainly covered by late Mesozoic 
intrusive and volcanic rocks, and the age and composition of its basement remain enigmatic. Here we firstly 
report U–Pb and Hf isotopes in zircon xenocrysts from late Mesozoic mafic sub-volcanic rocks in Pingtan Island, 
the east coastal area of the Eastern Cathaysia Block, with surprising Paleoproterozoic to Archean U–Pb isotopic 
ages. Neither ca. 1.8 Ga nor 1.0–0.7 Ga age peaks that are very typical in the outcropping rocks (including the 
Neoproterozoic sedimentary rocks in Pingtan Island) in the South China Block is identified. The two main 
Precambrian age peaks of 3.4–3.0 Ga and 2.6–2.2 Ga of these zircon xenocrysts are explained by contamination 
from the sediments in the unexposed basement. The youngest two Paleoproterozoic zircon xenocrysts may in-
dicate the deposition of the basement close to ca. 1.8 Ga. The identification provides clues to the existence of the 
Paleoproterozoic basement in the Eastern Cathaysia Block. It may further suggest that the late Mesozoic (con-
tinental arc?) magmatism in the Eastern Cathaysia Block was most likely developed on and contaminated by the 
Paleoproterozoic basement.   

1. Introduction 

Precambrian rocks usually form the crystallized basement of con-
tinents, and they are exposed to the surface (known as the “shield”) or 
covered by Phanerozoic rocks (known as the “platform”) (Kovtun, 
1976). The combination of studies on the basement in “shield” and 
“platform” areas can help to understand the history of the growth and 
evolution of the Precambrian continent crust, and is also essential to 
understand supercontinent reconstruction, crust-mantle material re-
cycling, economic deposits formation, and the habitability of the Earth. 

The South China Block (SCB), which is composed of Yangtze, West 
Cathaysia, and East Cathaysia blocks (Fig. 1), is not a typical craton 
because of the significant Neoproterozoic assembly and rifting and 
Phenozoic tectonic overprinting. The Precambrian basement of the SCB 
is also intriguing since the Archean rocks only outcrop in the northern 
part of the Yangtze Block (Zhao & Cawood, 2012; Zhang & Zheng, 
2013) while the whole Cathaysia Block is covered by voluminous 
Neoproterozoic and Phanerozoic strata with rare ca. 1.9–1.7 Ga Pa-
leoproterozoic gneiss and granitic rocks exposed in local places (e.g., Yu 
et al., 2012; Li et al., 2014; Shen et al., 2016). The loosely-constrained 
Precambrian history and crustal constitutions of the Cathaysia Block 

conversely blurred our understanding of the Phanerozoic orogenesis 
and mineralization (Li et al., 2014; Lin et al., 2018a, 2018b). According 
to the studies of detrital or inherited zircons in sediments and igneous 
rocks, some scholars suspected that there was an unexposed Paleopro-
terozoic or even Archean basement beneath the whole Cathaysia Block 
(e.g., Xu et al., 2007; Yu et al., 2010; Zheng et al., 2011). However, the 
detrital zircons could be alternatively recycled from younger sequences 
or other places and cannot serve as solid evidence for the existence of 
an old basement (Li et al., 2014). Similarly, the Paleoproterozoic Nd 
model ages of Early Paleozoic and Mesozoic granitoids in the Cathaysia 
Block (Li et al., 1989; Chen & Jahn, 1998; Shen et al., 2000; Shen, 2006; 
Ding et al., 2005) cannot prove the direct reworking of the old base-
ment but may just indicate the reworking of Neoproterozoic sequences 
(Gao et al., 2017; Huang et al., 2019, 2020) that have received older 
detritus or reworking from the older crust. Besides, some scholars be-
lieve that parts of the Cathaysia Block were originally fragments from 
the Gondwana continent (Lin et al., 2018a, 2018b). All of these un-
certainties about the basement of the Cathaysia Block make it difficult 
to understand the formation of widespread Mesozoic magmatism and 
the associated W, Sn, Nb–Ta, and U ore deposits to the western margin 
of Pacific Plate. More reliable rock information from the unexposed 
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Precambrian basement is necessary to solve the problem. 
In this contribution, we firstly report the U–Pb dating and Hf iso-

topic data of Paleoproterozoic to Archean zircon xenocrysts from the 
late Mesozoic mafic sub-volcanic rocks in the eastern part of the 
Cathaysia Block. The age distribution pattern of the zircon grains is 
entirely different from those of the outcropping Neoproterozoic sedi-
ments in the area, implying the existence of the Paleoproterozoic crust 
(about 1.8 Ga). The identification of the basement material may shed 
light on the studies of petrogenesis of late Mesozoic igneous rocks in the 
present coastal area of southeastern China and further comparison with 
the continental arc magmatism in the eastern margin of the Pacific 
Plate. 

2. Geological background and sample description 

Traditionally, the Cathaysia Block and the Yangtze Block were 
considered to have been welded along the Jiangnan orogenic belt in the 

Neoproterozoic (Fig. 1; Charvet et al., 1996; Li et al., 2003, 2009; Wang 
et al., 2007, 2014; Zheng et al., 2008; Zhao, 2015; Zhao et al., 2018). 
The Cathaysia Block may be further divided into the western and 
eastern parts. The boundary was previously proposed to be the 
Zhenghe-Dabu fault (Xu et al., 2007), but more detailed data available 
since then show that it is the Northwest Fujian fault (Lin et al., 2018a, 
2018b). Compared with the Yangtze Block, the Precambrian geological 
history of the Cathaysia Block remains unclear (Zhao & Cawood, 2012; 
Zhang & Zheng, 2013) due to the following reasons: (1) sparse ex-
posures of Pre-Neoproterozoic basement rocks; (2) Phanerozoic re-
working by polyphase orogenesis and widespread magmatism; and (3) 
the complicated U–Pb age patterns of detrital and xenocrystic/inherited 
zircons from various rocks (Li et al., 2014). 

The available U–Pb dates of detrital, inherited and xenocrystic 
zircon grains from Paleoproterozoic to Phanerozoic sedimentary and 
igneous rocks in the Cathaysia Block have yielded Precambrian age 
peaks of ca. 2.5 Ga, ca. 1.85 Ga, and ca. 1.07–0.78 Ga (Li et al., 2014 

Fig. 1. Sketch geological map of South China showing the study area. (A) Tectonic framework of the South China Block. (B) Simplified geological map showing the 
location of Pingtan Island and the distribution of associated Late Mesozoic igneous rocks. (C) Geological map showing the geological elements of Pingtan Island; (D) 
Field photograph showing the sampling location of the studied samples. 
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and references therein). Archean rock outcrops have not been re-
cognized in the whole Cathaysia Block, but detrital zircon U-Pb dates 
range from 2.7 to 2.5 Ga (Yao et al., 2011; Zhao & Cawood, 2012; Xu 
et al., 2013) to 4.1 Ga (Xing et al., 2014). The Paleoproterozoic Badu 
Complex in southeast Zhejiang Province consists of gneissic granite, 
paragneiss, and minor amphibolite and preserves the oldest basement 
outcrops (1.89–1.83 Ga; Li & Li, 2007; Liu et al., 2009; Yu et al., 2009; 
Xia et al., 2012) of the Cathaysia Block. Two episodes of granulite-faces 
metamorphism of 1.89–1.88 Ga and 252–234 Ma were recognized in 
the Badu complex (Yu et al., 2012), recording two stages of orogeny- 
related metamorphism. There is no reliable Mesoproterozoic age report 
in the Cathaysia Block so far except for Hainan Island, whose tectonic 
affinity remains unclear. Middle to late Neoproterozoic igneous and 
metasedimentary sequences (i.e., the previous “Sinian System” in Chi-
nese literature and geological maps) are widespread in the western 
Cathaysia Block (Huang and Wang, 2019; Li et al., 2005, 2010, 2014; 
Wan et al., 2007; Wang et al., 2013; Zhang et al., 2012). 

The Phanerozoic reworking of the Cathaysia Block includes early 
Paleozoic and early Mesozoic metamorphic-magmatic events, and late 
Mesozoic magmatism that possibly related to Pacific plate subduction, 
as well as corresponding tectonic nappe, thrusting, folding, and de-
formation. (Shu, 2012). The Northwest Fujian fault and the Changle- 
Nan'ao fault are the most significant NE-trending faults related to these 
geological movements. They divide the Cathaysia Block into the Early 
Paleozoic fold-thrust belt, the late Mesozoic volcanic belt, and the 
Pingtan-Dongshan metamorphic belt. The latter was caused by the 
strike-slip movement in the late Mesozoic and extended along the 
coastal region of Fujian Province and is up to 400 km long and 
20 km–40 km wide. (BGMRFJ (Bureau of Geology and Mineral 
Resources of Fujian Province), 1985, 1997; Shu and Xu, 2002). 

The Pingtan complex (119.7°E, 25.3°N) is located in Pingtan Island 
on the coastal area of Fujian Province. It is a late Mesozoic volcanic- 
intrusive complex, consisting of granite, diorite, and diabase. 
Petrographic evidence shows magma mixing/mingling in the field. This 
magmatic activity may be broadly related to Mesozoic subduction and 
rollback of the Kula plate (Xu et al., 1999a, 1999b). Zircon U–Pb TIMS 
dating of granite in the complex yielded an age of 124.7  ±  0.5 Ma 

(Dong et al., 1997). 
The dated samples (18PT-2–1 and 19PT-1-6) of this study were 

collected from the west side of Pingtan Island (GPS 119°42′44″E, 
25°33′15″N). They are intermediate-basic sub-volcanic rocks with dark 
color and mineral orientation under the microscope (Fig. 1D). The 
phenocrysts are mainly plagioclase (Pl) with smaller Pl + Bt (bio-
tite) + Hbl (hornblende) inclusions. The matrix mineral assemblage is 
Qz (Quartz) + Pl + Bt + Hbl. The whole rock SiO2 content is 56.65 wt 
% and 48.56 wt%, respectively (Fig. S1 in supplemental files). The 
zircon grains were separated from both samples for in-situ U–Pb dating. 
The zircon grains with concordant U-Th-Pb isotopes in sample 18PT- 
2–1 were further analyzed for Hf isotope. Detailed analytical methods 
and procedures can be found in Text S1 in supplemental files. 

3. Results 

3.1. LA-ICP-MS zircon U–Pb dating 

A total of 64 zircon grains were separated from 18PT-2-1 and 26 
from 19PT-1-6. They are colorless and transparent, mostly round or 
subhedral in shape, with lengths of 80 μm to 30 μm and aspect ratios 
from 1:2 to 1:1. Reflected light photographs show that most zircon 
grains have flat surfaces without significant cracks. The cath-
odoluminescence (CL) images (Fig. S2 in Supplementary Information) 
show that most zircon grains have rhythmic oscillatory zoning, in-
dicating a magmatic origin. Some zircon grains exhibit core-rim struc-
ture, but the rims are too narrow (< 10 μm) to be analyzed. The spot 
analyzing pits were selected based on CL, reflected and transmitted 
images to avoid significant inclusions, cracks, and overlap of core-rim 
zonation. Because of counting statistics and analyzing accuracy,  
206Pb/238U dates are used for zircons with age  <  1.0 Ga, and  
207Pb/206Pb dates are used for zircons with age  >  1.0 Ga. Since most 
analyses have U–Pb dates older than 2.0 Ga, only the analyses with 
discordance lower than 5% are used for age distribution plots using 
Kernel Density Estimate (KDE) and Hf isotope analyses. Concordia 
diagrams were produced by the Isoplot program (ver. 4.15; Ludwig, 
2003) and are shown in Fig. 2 and Fig. 3, while the KDE plots were 

Fig. 2. U–Pb concordia plot for the sample 18PT-2-1 
in the Pingtan area. The analyses were plotted with 
an error of 1σ. Red, Green, and blue error ellipses 
and dash lines in the diagram represent three dif-
ferent discordia trends. The upper-left insets are 
some CL images of typical zircons. The right-hand 
two insets show the detailed distributions of ana-
lyses in the squares marked by dashed lines on the 
concordia. (For interpretation of the references to 
color in this figure legend, the reader is referred to 
the web version of this article.) 
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produced by the IsoplotR program (Vermeesch, 2018) and are shown in  
Figs. 4A, 5, and 6. 

The dating results (listed in Table S1 in Supplementary file) of 18PT- 
2–1 indicated two Archean to Paleoproterozoic dominant groups: 
3.4–3.0 Ga, and 2.6–2.2 Ga (Fig. 2; Fig. 4A). Two zircon grains with 
ages of 868  ±  11 Ma (No. 44; Fig. 2) and 860  ±  12 Ma (No. 13;  
Fig. 2) and four zircon grains with dates of ca. 125 Ma fall on the 
concordia, consistent with the age of intrusive rocks around the sam-
pling area within errors. The oldest zircon grain has a 207Pb/206Pb age 
of 3886  ±  27 Ma (No. 16; Fig. 2). Besides, 16 zircon grains have 

different degrees of discordance, and their 207Pb/206Pb ages fall within 
the above two ranges (Fig. 2), yielding three upper intercept ages at 
3226  ±  52 Ma, 3080  ±  42 Ma, and 2618  ±  58 Ma respectively, 
indicating the loss of lead. Most zircons older than 2.0 Ga are subhedral 
and rounded, while the grains < 1.0 Ga are euhedral short prismatic in 
morphology (Fig. 2 and Fig. S2 in Supplementary File), indicating dif-
ferent denudation and transportation histories. 

The dating results (listed in Table S1 in supplementary file) of 19PT- 
1–6 show magmatic peak age at ca.125 Ma, as well as some Archean to 
Paleoproterozoic zircon grains. The oldest grain yields an age of 

Fig. 3. U–Pb concordia plot for the sample 19PT-1-6 in the Pingtan area. The analyses were plotted with an error of 1σ. The upper-left insets are some CL images of 
typical zircons. The right-hand two insets show the detailed distributions of analyses in the squares marked by dashed lines on the concordia. 

Fig. 4. Analytical results of U-Pb dating and Hf isotope of sample 18PT-2-1. (A) Probability histogram showing the age distributions for the xenocrystic zircon grains 
with concordant U-Pb isotopic ages of sample 18PT-2-1 from the Eastern Cathaysia Block. Only the analyses with discordance lower than 5% were plotted. (B) εHf(t) 
vs. age diagram for the spot analyses in zircon grains from sample 18PT-2-1 (red), South India (light blue; data compiled from Mohan et al., 2013, 2014; Lancaster 
et al., 2015; Yang and Santosh, 2015; Santosh and Li, 2018; Wang and Santosh, 2019), and Northwest India (gray; data compiled from Wang et al., 2017, 2018, 
2019). The solid lines represent average crust (176Lu/177Hf = 0.015; Griffin et al., 2002) while the dotted lines represent old crust (176Lu/177Hf = 0.009; Vervoort 
and Patchett, 1996) for reference. The lower left inset shows the probability of two-stage Hf model ages (TDM2) of this sample. (For interpretation of the references to 
color in this figure legend, the reader is referred to the web version of this article.) 
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2451  ±  24 Ma (No. 2; Fig. 3), and then two grains yield ages of ca. 
1.8 Ga (No.5: 1831  ±  23 Ma, No.6: 1868  ±  27 Ma; Fig. 3). These 
Precambrian zircons are relatively small and round, with dark CL 
images, which are quite similar to those in 18PT-2–1. On the contrary, 
the younger grains cluster at 420 Ma and 125 Ma, consistent with the 
ages of Phanerozoic magmatism in this area. These zircons are euhedral 
short prismatic and bright in CL images (Fig. 3 and Fig. S2 in 
Supplementary file), show different denudation and transportation 
histories from the older ones. 

3.2. Hf isotopes in zircon grains 

Considering the Archean to Paleoproterozoic ages and variation of 
the Hf isotopes in the analyzed zircon grains of 18PT-2-1, two-stage 
model ages were calculated based on the 176Lu/177Hf ratios of the 
average crust (0.015; Griffin et al., 2002) and the results are listed in  
Table S2 in the Supplementary file. 

For the zircon grains at the earliest group at 3.3–3.1 Ga, four ana-
lyses show positive εHf(t) values, while the others are negative (Fig. 4B). 

Fig. 5. Zircon U–Pb age distribution of zircon xenocrysts of this study (G) and comparisons with the age patterns of igneous rocks from other continents (A–F). Kernel 
density estimations and histograms are shown here with kernel bandwidth of 45 Ma and Histogram bandwidth of 100 Ma. Shadow strips represent age peaks (2.5 Ga, 
3.1 Ga, and 3.2 Ga) in the Cathaysia Block. Data source: Data for the Cathaysia Block are from this study; others are from the compilation of Condie et al. (2009). 
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The TDM2 ages of this group mainly range from 3.9 Ga to 3.45 Ga. In 
contrast, zircon grains at the younger group at 2.6–2.0 Ga have a more 
significant variation in εHf(t) value. Four zircon grains have slightly 
positive εHf(t) values, while the others are negative, indicating domi-
nant crustal reworking at this period. The corresponding TDM2 ages of 
this group fall in the range of 3.3 and 2.7 Ga, with a peak of about 
3.0 Ga. 

4. Discussion 

4.1. Paleoproterozoic basement of the eastern Cathaysia Block 

The origin of the old zircon xenocrysts in the Pingtan volcanics 
needs to be evaluated carefully before exploring geological implica-
tions. The samples 18PT-2-1 and 19PT-1-6 from Pingtan Island show 
intermediate to basic SiO2 content (56.65 wt% and 48.56 wt%, re-
spectively), and exhibit a mingling structure with the felsic rocks in the 
field (Fig. 1D). The overall mafic geochemical composition requires the 
clarification of the forming mechanism for the zircon xenocrysts with 
ages mostly older than 3.0 Ga. Previous studies have revealed four 
styles of occurrence for exotic zircon grains in the ultramafic/mafic 
rocks: (1) Formed directly from arc-like high K basalt (Bergman, 1987; 
Bucholz et al., 2017); (2) Formed in the metasomatized subcontinental 
lithospheric mantle (SCLM) by fluids/melts derived from upwelling 
asthenosphere (Griffin et al., 2004) or the dehydration of subducting 
lithosphere (Katayama et al., 2003; Liati et al., 2004; Zheng et al., 
2006); (3) Captured from reworked crustal materials that precisely 
subducted and remained stable in the upper mantle (Yamamoto et al., 
2013; Robinson et al., 2015); and (4) Captured by assimilation and 
contamination of crust material during magma ascent and emplacement 
(e.g., Pilot et al., 1998). Many zircon grains separated from the Pingtan 
volcanic rocks show ages much older than the magma crystallization 
age (ca. 125 Ma), so they are apparently not formed in the basaltic 
magma itself. Most of these old zircons are round in shape and fine in 
size (Fig. S2 in supplementary files). They show fine rhythmic mag-
matic zoning, a typical character of zircons crystallizing from inter-
mediate-acid magmas, therefore, they are obviously not originated 
from mantle metasomatism, nor the remnants of subducted zircon 
grains stored in the upper mantle. Besides, the magma hosting these 
zircon grains was hydrous as indicated by the occurrence of a large 
amount of hornblende, which is not in favor of the preservation of re-
sidual zircons from magma sources (Harrison and Watson, 1983). 
Therefore, the old zircon xenocrysts in our samples should be derived 
from assimilation or contamination during basaltic magma ascent and 
emplacement, and they reflect the characteristics of the assimilated 
crust. 

It is noteworthy that most of the zircon grains in sample 18PT-2-1 
are older than 2.0 Ga, only two are about 0.86 Ga and four are about 
125 Ma, while lots of zircons in sample 19PT-1-6 show 125 Ma and 
420 Ma, with two in 1.8 Ga and one in 2.5 Ga. The Neoproterozoic and 
Phanerozoic zircons could be contaminated from Neoproterozoic se-
quences and younger crust (including magmatic and sedimental), while 
those old grains are obviously different from that of the Precambrian 
crust outcrops (with ubiquitous Neoproterozoic peaks and ca. 1.85 Ga 
peak; Li et al., 2014; Shen et al., 2016 and references therein). We 
proposed that these patterns indicate these old zircons (pre-1.8 Ga) 
were contaminated at a deep crustal level, where the composition was 
very different from the outcropping sedimentary sequences in the 
Pingtan area. 

According to the age spectrum, the youngest ages indicate a base-
ment not early than 1.8 Ga. The huge gap in 1.8–0.8 Ga implies the 
basement should form before Neoproterozoic; otherwise, the ubiquitous 
ca.1.0–0.7 Ga zircons (Li et al., 2014) should appear in our samples, 
which does not happen. It is worthy to note that the widespread unique 
ca. 1.85 Ga zircons in the whole Cathaysia Block (Li et al., 2014) do not 
form a peak in our age spectrum. In fact, there are only two grains yield 
that age— both are from sample 19PT-1-6. Considering the lack of 
other Paleoproterozoic to early-Neoproterozoic zircons, we suspect the 
set of strata probably formed at around 1.8 Ga, concurrent with or 
slightly younger than the ubiquitous magmatism at 1.85 Ga. 

Therefore, we conclude that there might be an early 
Paleoproterozoic basement (probably 1.8 Ga) beneath Pingtan Island 
during at ca. 125 Ma. It is noteworthy that those  >  1.8 Ga zircon 
grains are not concentrated but range widely in age, which indicates a 

Fig. 6. Kernel density estimations and histograms showing the age distribution 
of our sample in eastern Cathaysia and previous studies in or around the 
Dharwar Craton, South India: (A) Sittampundi Anorthosite Complex (Mohan 
et al., 2013). (B) Gadag greenstone belt (Mohan et al., 2014). (C) Kolar 
greenstone belt (Yang and Santosh, 2015). (D) Dharwar Craton (Lancaster et al., 
2015). (E) Dharwar Craton (Jayananda et al., 2015). (F) Konkanhundi suite 
(Santosh and Li, 2018). (G) Chitradurga suture zone (Wang and Santosh, 2019). 
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sedimentary basement rather than a crystalline basement. This 
Paleoproterozoic basement, together with the Badu Paleoproterozoic 
basement rocks (1.89–1.75 Ga; Yu et al., 2012), as well as the Paleo-
proterozoic (ca. 1.8 Ga) source of late Mesozoic volcanic in the Yan-
dangshan area (Yan et al., 2016), implies a Paleoproterozoic basement 
beneath the eastern Cathaysia Block at late Mesozoic, which is con-
sistent with the detrital zircons studies in this area (Xu et al., 2007; 
Shen et al., 2016). The lithology of this basement could be mainly se-
dimentary rocks, with a small number of granites and basic rocks (Yu 
et al., 2010), and these sequences might experience extension as evi-
denced by the ca. 1.77 Ga basic rocks (Li, 1997). 

4.2. The relationships of the Cathaysia Block with other continents 

Due to the absence of reliable paleomagnetic data, the reconstruc-
tion of Precambrian supercontinents is usually based on comparisons of 
magmatic belts and provenance of detrital zircons. The widespread late 
Paleoproterozoic collisional orogens in many continents were used for 
reconstructing Columbia (Nuna) supercontinent (Zhao et al., 2004a, 
2004b; Murphy & Nance, 2013; Kaur & Chaudhri, 2014) and the 
Cathaysia Block was suggested to be involved in the reconstruction 
Columbia (Nuna) supercontinent (Yu et al., 2012). However, different 
models have been proposed for the ancient location of the Cathaysia 
Block and its relationship with other blocks. Li et al. (1995) and Li et al. 
(2010b) considered the Cathaysia Block as part of western Laurentia 
before its 1.0–0.9 Ga collision with the Yangtze Block. Zhao et al. 
(2003) placed the united SCB (including Yangtze and Cathaysia) on the 
northwestern fringe of Columbia (Nuna). Yu et al. (2012) placed the 
Cathaysia Block contiguous with the Lesser Himalaya of NW India 
based on the similarities in late Paleoproterozoic orogenesis and detrital 
zircon age patterns. Li et al. (2014) suggested that the source area of the 
detrital zircons about 2.5 Ga in the Cathaysia Block is East Antarctica 
and placed Cathaysia among East Antarctica, Laurentia, and Australia. 
Also, Cawood et al. (2018) concluded that the Cathaysia Block is con-
nected with North India. In general, most of the above models were 
proposed based on the detrital zircon grains of 1.9–1.8 Ga and ca. 
2.5 Ga. However, there are too few pre-Neoproterozoic strata exposed 
in the Cathaysia Block, and the provenance of the previously in-
vestigated Neoproterozoic strata may have received detritus from the 
Yangtze Block and other continents. Therefore, it is more effective to 
compare the old basement area with other continents directly. Besides, 
all the previous interpretations treated Cathaysia as a whole integrated 
block, which is open for discussion. Our data shed light on the evolution 
of the East Cathaysia terrane. 

The two dominant groups of 3.4–3.0 Ga and 2.6–2.2 Ga in the zircon 
xenocrysts of this study are similar to the episodes of magmatic activ-
ities in the India plate (Fig. 5, Condie et al., 2009 and references 
therein). More details can be found in the comparison of our old zircons 
with that in the Dharwar craton, South India (Fig. 6). The Archean 
clusters in that area can be found in previous detrital zircon researches 
(Lancaster et al., 2015; Jayananda et al., 2015), and the peak of 3.2 Ga 
corresponds to the Chitradurga suture zone (Wang and Santosh, 2019). 
The 2.5 Ga peak matches the Gadag greenstone belt (Mohan et al., 
2014) and Kolar greenstone belt (Yang and Santosh, 2015), while the 
2.4 Ga peak can be found in Sittampundi Anorthosite Complex (Mohan 
et al., 2013). As for Hf isotope data, the εHf(t) vs. age diagram shows an 
overlap of eastern Cathaysia and Northwest and South India, especially 
the 2.6–2.5 Ga and 3.1–3.0 Ga age clusters. All these correspondences 
indicate a close relationship between the basement of the eastern 
Cathaysia Block and the India plate. 

The age of 2.4–2.0 Ga obtained in this work is very similar to that of  
Yu et al. (2012), although they interpreted these data as the result of 
the lead loss of 2.5 Ga zircon grains. Based on the Paleoproterozoic 
basement discovered in this work, together with U–Pb and Hf isotope 
data, it is reasonable that such zircon grains in the Neoproterozoic to 
Phanerozoic sediments were mainly originated from the eastern 

Cathaysia Block itself. 

4.3. Implications for late Mesozoic magmatic activities triggered by 
subduction of the west pacific plate 

The potential existence of the Paleoproterozoic basement beneath 
the eastern Cathaysia Block has profound implications for the 
Phanerozoic tectonic-magmatic evolution in the SCB. It is possible that 
old continental crust may occur beneath some young volcanoes and 
contribute contaminating components to their chemical and isotope 
compositions. Similar old zircons in young magmatic rocks and the 
correlation with old basements have been reported elsewhere. For ex-
ample, Archean zircons in Miocene oceanic hotspot rocks are used to 
identify an ancient continental crust beneath the Indian Ocean island of 
Mauritius (Ashwal et al., 2017). A volcanic cobble with plenty of Pa-
leoproterozoic-Archean zircons is believed to form by remelting of an 
old continental crust substrate underlying juvenile northwestern Ara-
bian-Nubian Shield, Egypt, and reworking of this old continental crust 
played an important role in the generation of oceanic arc systems (Li 
et al., 2018). The existence of a continental crust beneath the Ör-
æfajökull volcano in southeast Iceland is believed to have changed the 
Sr–Nd–Pb abundances and isotope ratios of the magma (Torsvik et al., 
2015). Similarly, a Paleoproterozoic basement beneath the eastern 
Cathaysia Block may have a profound impact on the characteristics of 
voluminous late Mesozoic magmatic rocks. 

It is worthy to note that most of the basic rocks along the coastal 
area of southeastern China show radiogenic Sr and unradiogenic Nd 
isotope signatures with higher 87Sr/86Sr and lower 143Nd/144Nd (Shen 
et al., 1999; Zhang, 2006; Zhang et al., 2007) than typical continental 
arc magmatism in the western margin (such as Japan and South Korea,  
Okamura et al., 1998; Windley and Garde, 2009; Kee et al., 2010) and 
eastern margin (such as Andean Belt and the western USA;  
Hawkesworth et al., 1979; Ormerod et al., 1988; Fitton et al., 1988) of 
the Pacific Plate. Some scholars attributed the enriched isotope char-
acteristics as the enriched mantle source (Xu et al., 1999a, 1999b; Chen 
and Zhou, 1999), while others supported crustal contamination (Zhou 
and Chen, 2000). Nonetheless, solid petrological evidence for the 
continental arc magmatism on the western margin of the Pacific Plate is 
lacked in these models. The existence of the Paleoproterozoic basement 
in eastern Cathaysia Block leads us to prefer the contamination of the 
ancient sedimentary basement in the lower crust (Zhou and Chen, 
2000). It further implies that the late Mesozoic magmatism along the 
present southeastern coastal area of China was developed on the base of 
an old continental basement, which is unlike the eastern side of the 
Pacific Ocean that is characterized by typical continental arc magma-
tism developed on the base of accretionary orogenic belts. 

5. Conclusions 

The morphological, U–Pb geochronological, Hf isotopic, and geo-
chemical studies of zircon xenocrysts from the volcanic-intrusive 
complex in Pingtan Island, Fujian, southeastern coast of China, imply a 
Paleoproterozoic basement in the lower part of this area during late 
Mesozoic. This discovery, combined with the Paleoproterozoic outcrops 
discovered in the Badu Group and other places, probably suggests the 
existence of a widespread Paleoproterozoic basement beneath eastern 
Cathaysia. 

The comparison of zircons age distribution in this basement shows 
that the eastern Cathaysia Block might have a strong relationship with 
the India plate in the Columbia (Nuna) supercontinent. It might have 
drifted to the current position in the process of Gondwana super-
continent splitting or earlier (Neoproterozoic?). 

The existence of this basement may result in the difference of 
magmatism and subduction configuration between the eastern 
Cathaysia and other margins of the Pacific plate. The former might 
develop on the base of an ancient continental basement, instead of the 
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typical continental arc magmatism on the base of accretionary orogenic 
belts. Different mechanisms for the formation of magmatic rocks may 
lead to differences in chemical and isotope composition of magmatic 
rocks on both sides of the Pacific Ocean. 
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