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A B S T R A C T

Granite is the most important magmatic product during continental accretion and reworking, and is widely
distributed at convergent margins. However, the formation of intracontinental granitic rocks remains unclear.
The Early Paleozoic Wuyi-Yunkai orogen in southeast China is widely accepted as an intracontinental collision
belt and has attracted significant attention in recent decades. Nevertheless, the tectonic driving mechanism for
the formation of these granitic rocks is still puzzling. Integrating available data, we conclude that the
Ordovician-Devonian granitic rocks in southeast China formed during the period from 452Ma to 381Ma,
yielding an age peak at around 450–430Ma. Ordovician rocks are generally distributed in a narrow NE trending
belt within the Wuyi-Yunkai orogen, relatively to widely distributed Silurian-Devonian rocks. The Ordovician
granitic rocks are mainly distributed in the Wuyi, Yunkai, and Wugongshan areas and exhibit gneissic structures.
They were dominantly formed by crustal anatexis and could represent the reworking of Neoproterozoic su-
pracrustal materials. The Silurian-Devonian granitic rocks were massive in structure and are mainly con-
centrated in the Xuefengshan and Nanling-Wanyangshan areas. They display higher εHf(t) and εNd(t) values and
are less variable than the Ordovician granites, suggesting a relatively high contribution of juvenile crust. More
importantly, the geochemistry shows a significant transition at ca. 435Ma, coinciding with regional extension
after 435Ma. We suggest that there was a NE-trending continent-continent collision before 435Ma and the
subsequent increasing orogenic collapse led to the expansion of intracontinental crustal melting.

1. Introduction

The Earth is attested to a unique and distinctive mode of planetary
differentiation, by which the continental crust is enriched in in-
compatible elements compared to chondrite and the primitive mantle
(Rudnick and Gao, 2003). The vast granitic batholiths and their erupted
volcanic analogs dominate continental landmasses and witness the
evolution and differentiation of the continental crust through geologic
time (Solar et al., 1998; Rudnick and Gao, 2003; Kemp et al., 2007; Wu
et al, 2007; Brown, 2013). Granitic rocks are primarily derived from
partial melting of old and juvenile crustal rocks, and their widespread
occurrences in continental regions mark significant reworking of pre-
existing crust in different tectonic settings (Brown, 2013). Especially
along convergent margins that are the major sites for continental
growth, granitic rocks are extensive and primarily derived from partial
melting of juvenile crustal rocks (e.g., Jahn et al., 2000; Mo et al., 2008;
Brown, 2013; Jagoutz and Kelemen, 2015). However, granitic rocks can
also be widespread in an intracontinental setting and their links to
crustal reworking and tectonic geodynamics are hotly debated.

The Early Paleozoic is the first important era that developed ex-
tensive magmatic and metamorphic activities since the break-up of the
Neoproterozoic Rodinia supercontinent in southeast China, forming the
Wuyi-Yunkai orogen (e.g., Li et al., 2010b; Wang et al., 2011b, 2013b,
2014; Ren and Li, 2016). The Wuyi-Yunkai orogen is distinct from other
typical intracontinental orogenic belts in its extensive felsic magmatism
and middle- to high-grade metamorphism in some areas (e.g., Peng
et al., 2006; Liu et al., 2010; Wang et al., 2011b; Xu et al., 2011; Zhang,
2011; Zhong et al., 2013, 2016; Zhu et al., 2015; Yang et al., 2017; Qiu
et al., 2018). Therefore, the nature of the Wuyi-Yunkai orogen has been
debated for decades, with two contrasting (intracontinental orogenesis
vs. ocean-continent subduction and continent-continent collision) views
(e.g., Li et al., 2008, 2009; Wang et al., 2011a, 2013a, 2014; Cawood
et al., 2016). It is noted that the Early Paleozoic granitic rocks in
southeast China have developed from ca. 460Ma to 400Ma or even
younger. To reveal the tectonic driving mechanism for the generation of
Ordovician-Devonian granitic rocks and the tectonic evolution of the
Wuyi-Yunkai orogen, it is important to clarify the detailed temporal-
spatial distributions and rock types of these granitoids.

https://doi.org/10.1016/j.jseaes.2019.104001
Received 15 August 2019; Received in revised form 26 August 2019; Accepted 29 August 2019

⁎ Corresponding author.
E-mail address: wxl@nju.edu.cn (X.-L. Wang).

Journal of Asian Earth Sciences 184 (2019) 104001

Available online 31 August 2019
1367-9120/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/13679120
https://www.elsevier.com/locate/jseaes
https://doi.org/10.1016/j.jseaes.2019.104001
https://doi.org/10.1016/j.jseaes.2019.104001
mailto:wxl@nju.edu.cn
https://doi.org/10.1016/j.jseaes.2019.104001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseaes.2019.104001&domain=pdf


This paper presents a combined study of the geochronology and
geochemistry of the Ordovician-Devonian granitic rocks by compiling
and synthesizing as many of the available data from literature. The
results allow for a broad overview on the geochemical features and
temporal-spatial distributions of the granitic rocks. We propose a tec-
tonic model in which the transition from the continent-continent col-
lision to post-orogenic collapse occurred at ca. 435Ma.

2. Geological setting of southeast China

The South China Block is a major element in East Asia and is
composed of the Yangtze Block to the northwest and the Cathaysia
Block to the southeast, which amalgamated along the Neoproterozoic
Jiangnan Orogen (Wang et al., 2014; Fig. 1a). The Yangtze Block
comprises Paleoarchean to Paleoproterozoic crystalline basement,
which was sporadically exposed on the northern and southwestern
margins of the Yangtze Block and the Kongling continental nucleus in
its northern-central part (Li et al., 2002; Zhou et al., 2002; Gao et al.,
2011; Chen et al., 2013; Guo et al., 2014a; Wang et al., 2016b). Neo-
proterozoic igneous and metasedimentary rocks, dominantly with ages
of 950–750Ma, are widely distributed in the Yangtze Block, and are
well preserved around its periphery (e.g., Zhou et al., 2002; Wang et al.,
2006; Zheng et al., 2007). Following the 720–635Ma glacial and in-
terglacial-facies sedimentation (Zhang et al., 2008; Lan et al., 2014,
2015; Liu et al., 2015b), the Yangtze Block was in a stable setting with
shallow marine sedimentation until the middle Triassic (Yan et al.,
2004; Liu et al., 2006; Zhang et al., 2006a, 2006b; Zheng and Zhang,
2007; Gao et al., 2011; Qiu et al., 2017). The Cathaysia Block is mainly
composed of Phanerozoic metamorphic, sedimentary, and magmatic
rocks, with only sporadic occurrences of Paleoproterozoic basement
rocks found in northwest Fujian Province and southwest Zhejiang
Province (e.g., Li et al., 2010b, 2011; Xia et al., 2012; Yu et al., 2012;
Liu et al., 2014) as well as some middle- to late- Neoproterozoic me-
tavolcanic and metasedimentary rocks (e.g., Qin et al., 2007; Wan et al.,
2007; Li et al., 2008, 2010a; Yu et al., 2008; Zhang et al., 2012a; Wang
et al., 2013a; Zhou et al, 2015). Later sequences include Late Neopro-
terozoic-Ordovician shallow- to semi-marine clastic sediments, and
post-Middle Devonian stable depositional sequences (e.g., Yu et al.,
2008; Zhou et al., 2015). Mesoproterozoic rocks did not occur in
southeast China, except on Hainan Island (Li et al., 2002).

Following the Neoproterozoic assembly and rifting events between

the Yangtze and Cathaysia blocks, the South China Block underwent
strong deformation and metamorphism during the Early Paleozoic. The
NE-SW-trending Wuyi-Yunkai orogeny was formed during the first ex-
tensive tectonothermal event since the break-up of the Neoproterozoic
Rodinia supercontinent (e.g., Li et al., 2010b; Wang et al., 2011b; Ren
and Li, 2016; Fig. 1a) in southeast China. This orogeny affected a broad-
bounded area, including the eastern Yangtze Block and most of the
Cathaysia Block. This orogenic event was recorded by an angular un-
conformity between post-Silurian cover sequences and strongly de-
formed pre-Devonian units (Ren and Li, 2016), as well as large amounts
of Early Paleozoic metamorphic rocks and granitic rocks. Few basic
rocks are found in this sequence (e.g., Zhong et al., 2013, 2016; Song
et al., 2015; Xu and Xu, 2015, 2017; Zhu et al., 2015; Yu et al., 2016,
2018; Li et al., 2017; Yang et al., 2017; Yan et al., 2017; Zhou et al.,
2017; Qiu et al., 2018; Fig. 1a).

More than 200 Ordovician-Devonian granitic plutons have been
found, with the main accumulations in the Wuyi, Nanling-
Wanyangshan, Yunkai, Wugongshan, and Xuefengshan areas (Fig. 1).
These plutons generally intruded into the Neoproterozoic- Cambrian
metamorphic basement rocks, and formed during 450–400Ma (e.g., Xia
et al., 2014; Cai et al., 2017; Jia et al., 2017; Jiang et al., 2017; Yan
et al., 2017; Yu et al, 2018; Fig. 1b, Table 1). Granitic rocks can be
divided into two stages depending on their petrographic features and
spatial distributions. Those with ages of 450–430Ma distributed mainly
in the Wuyi, Yunkai, and Wugongshan areas, in a NE direction. They
are generally gneissic in texture with strong peraluminous composi-
tions, and contact the Neoproterozoic-Cambrian metamorphic base-
ment rocks closely relating to the crustal anatexis (e.g., Liu et al., 2010;
Li et al., 2010b, 2017; Wan et al., 2010; Zhang et al., 2010b; Wang
et al., 2011b; Huang et al., 2013; Guan et al., 2014; Zhong et al., 2013,
2016; Xu and Xu, 2017; Qiu et al., 2018; Fig. 1b, Table 1). Granitic
rocks formed at 440–400Ma are widely distributed mainly in the
Nanling-Wanyangshan and Xuefengshan areas. They are generally
massive with geochemical characteristics approaching metaluminous I-
type granites, and show clear intrusive relationships with the wall rocks
(e.g., Mao et al., 2008; Zhang et al., 2011a, 2012b; Chu et al., 2012;
Zhao et al., 2013; Shu et al., 2014; Song et al., 2015; Fig. 1b, Table 1).

Fig. 1. (a) Tectonic framework and the distribution of the pre-Paleozoic igneous and stratum in southeast China. (b) Detailed age distribution map of the Ordovician-
Devonian granitic rocks in southeast China. Data sources are listed in Table 1. The maps are compiled from Sun (2006).
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Table 1
A summary of zircon U-Pb ages of the Ordovician-Devonian granitic rocks in southeast China.

No. Pluton Rock type Classify Longitude (E) (°) Latitude (N)
(°)

Age (Ma) 2σ Method Reference

North of the Jiangshan-Shaoxing Fault
Xuefengshan area (boundary between Hunan and northeast Guangxi)
1 Baimashan Hornblend granite I-Type 110.95 27.47 411 4 SHRIMP Chu et al., 2012
2 Miaoershan Biotite granite I-Type 110.51 26.46 412 4 SHRIMP Chu et al., 2012
2 Miaoershan Coarse-grained porphyritic biotite

granite
I-Type 110.61 26.44 404 4 SHRIMP Zhao et al., 2013

2 Miaoershan Medium-grained biotite granite I-Type 110.53 26.51 381 8 SHRIMP Zhao et al., 2013
2 Miaoershan Medium-grained biotite granite I-Type 110.53 26.51 382 2 LA-MC-

ICPMS
Zhao et al., 2013

2 Miaoershan Monzonitic granite Massive 110.64 26.46 400 4 LA-ICPMS Zhang et al., 2012b
2 Miaoershan Monzonitic granite Massive 110.69 26.07 415 2 LA-ICPMS Zhang et al., 2012b
3 Yuechengling Biotite granite I-Type 110.73 26.17 424 3 SHRIMP Chu et al., 2012
3 Yuechengling Fine-grained biotite granite I-Type 110.68 25.82 435 4 SHRIMP Zhao et al., 2013
3 Yuechengling Amphibole-bearing biotite granite I-Type 110.58 25.85 427 3 SHRIMP Zhao et al., 2013
3 Yuechengling Coarse-grained biotite granite I-Type 110.97 26.18 417 6 SHRIMP Zhao et al., 2013
3 Yuechengling Biotite granite Massive 110.69 25.80 427 3 LA-ICPMS Song et al., 2015
4 Haiyangshan Biotite granite Massive 110.91 25.52 436 4 LA-ICPMS Song et al., 2015
4 Haiyangshan Biotite monzonitic granite Massive 111.07 25.49 429 11 LA-ICPMS Zhang et al., 2012b
5 Dupangling Biotite monzogranite I-Type 111.09 25.34 428 4 SHRIMP Chu et al., 2012
6 Xuehuading granite I-Type 432 21 SHRIMP Fu et al., 2004
7 Hengyang Porphyritic biotite granite 112.98 27.20 428 3 LA-ICPMS Shu et al., 2014
7 Hengyang Massive biotite granite 112.98 27.20 427 2 LA-ICPMS Shu et al., 2014
8 Jinxiu Biotite monzogranite 419 5 SHRIMP Li et al., 2017
8 Jinxiu Biotite monzogranite 436 4 SHRIMP Li et al., 2017
8 Jinxiu Biotite monzogranite 446 8 SHRIMP Li et al., 2017
Wugongshan area (boundary between east Hunan and west Jiangxi)
9 Banshanpu Hornblende-bearing granitoid I-Type 432 3 LA-ICPMS Guan et al., 2014
9 Banshanpu Biotite granite Massive 113.42 27.76 418 2 LA-ICPMS Zhang et al., 2010b
10 Hongxiaqiao Biotite monzonitic granite Massive 113.22 27.81 432 6 LA-ICPMS Zhang et al., 2010b
10 Hongxiaqiao Hornblende-bearing granitoid I-Type 434 3 LA-ICPMS Guan et al., 2014
11 Zhangjiafang Granodiorite I-type 438 3 LA-ICPMS Yu et al., 2016
11 Zhangjiafang Granodiorite I-type 438 3 LA-ICPMS Yu et al., 2016
11 Zhangjiafang Massive granitoids Massive 114.06 27.50 444 3 LA-ICPMS Zhong et al., 2016
11 Zhangjiafang Massive granitoids Massive 114.09 27.51 448 3 LA-ICPMS Zhong et al., 2016
11 Zhangjiafang Biotite monzonitic granite Massive 114.03 27.54 440 2 LA-ICPMS Zhang et al., 2010b
12 Fengdingshan Granodiorite I-type 114.27 28.03 436 5 LA-ICPMS Zhong et al., 2013
12 Fengdingshan Biotite granite Massive 114.31 28.10 402 2 LA-ICPMS Zhang et al., 2010b
13 Wugongshan Gneissoid granite Gneissoid 114.42 27.69 455 9 LA-ICPMS Wang et al., 2011b
13 Wugongshan Gneissoid granite Gneissoid 114.34 27.53 424 6 LA-ICPMS Wang et al., 2011b
14 Mingyueshan Gneissoid granite Gneissoid 114.28 27.70 445 8 LA-ICPMS Wang et al., 2011b
15 Shanzhuang Monzonitic granite Massive 114.59 27.46 424 3 LA-ICPMS Zhang et al., 2010b
15 Shanzhuang Biotite monzonitic granite 114.63 27.49 441 3 LA-ICPMS Zhang et al., 2012b
16 Chengshang Biotite granitoid Massive 114.98 27.60 436 2 LA-ICPMS Shen, 2016
17 Chencai Gneissic granite 435 4 SHRIMP Li et al., 2010b
South of the Jiangshan-Shaoxing Fault
Wuyi area (boundary between southeast Jiangxi and northwest Fujian)
18 Longquan Monzogranite 119.10 28.04 413 3 LA-ICPMS Xia et al., 2014
18 Longquan Monzogranite 119.09 28.04 413 3 LA-ICPMS Xia et al., 2014
18 Longquan Granodiorite 119.06 27.98 409 3 LA-ICPMS Xia et al., 2014
18 Longquan Granodiorite 119.05 27.97 411 4 LA-ICPMS Xia et al., 2014
18 Longquan Granodiorite 119.04 27.94 410 3 LA-ICPMS Xia et al., 2014
18 Longquan Granodiorite 119.05 27.94 411 4 LA-ICPMS Xia et al., 2014
19 Qingyuan Gneissoid granite Gneissoid 118.93 27.74 430 9 LA-ICPMS Wang et al., 2011b
20 Wufu Biotite granite 118.23 27.63 434 2 LA-ICPMS Zhu et al., 2015
21 Jianyang Biotite granite 117.64 27.53 438 5 LA-ICPMS Liu et al., 2010
21 Jianyang Biotite granite 117.64 27.53 442 4 LA-ICPMS Liu et al., 2010
22 Cizhu Sillimanite-bearing granite Gneissoid 117.27 28.11 436 6 LA-ICPMS Zhang et al., 2011b
22 Cizhu Biotite granite 117.25 28.11 439 1 LA-ICPMS Zhu et al., 2015
23 Jinxi Granite Gneissoid 116.73 27.90 442 3 LA-ICPMS Zhang et al., 2011b
23 Jinxi Biotite granite 116.84 28.01 449 14 LA-ICPMS Zhu et al., 2015
23 Jinxi Two-mica granite Massive 116.81 28.01 442 4 LA-ICPMS Song et al., 2015
23 Jinxi Garnet-bearing granite Gneissoid 116.84 27.92 443 5 LA-ICPMS Unpublished data
23 Jinxi Granite Gneissoid 116.84 27.92 443 4 LA-ICPMS Unpublished data
23 Jinxi Two-mica granite Gneissoid 116.76 27.75 442 5 LA-ICPMS Unpublished data
24 Yihuang Gneissoid sillimanite-bearing granite Gneissoid 116.45 27.38 441 4 LA-ICPMS Zhang et al., 2011b
24 Yihuang Gneissoid granite Gneissoid 116.11 27.33 410 10 LA-ICPMS Wang et al., 2011b
25 Le'an Biotite monzonitic granite Massive 115.90 27.36 429 2 LA-ICPMS Zhang et al., 2012b
25 Le'an Gneissoid granitoid S-Type 447 3 TIMS U-Pb Zhang et al., 2009
25 Le'an Monzonitic granite S-Type 409 2 TIMS U-Pb Zhang et al., 2009
25 Le'an Biotite monzonitic granite S-Type 401 4 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
25 Le'an Biotite monzonitic granite S-Type 405 3 LA-ICPMS Zhang et al., 2010d; Zhang,

2011

(continued on next page)
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Table 1 (continued)

No. Pluton Rock type Classify Longitude (E) (°) Latitude (N)
(°)

Age (Ma) 2σ Method Reference

25 Le'an Biotite monzonitic granite S-Type 404 3 LA-ICPMS Zhang et al., 2010d; Zhang,
2011

26 Lichuan Gneissoid granite Gneissoid 116.74 27.20 436 6 LA-ICPMS Zhang et al., 2011b
26 Lichuan Gneissorid granite Gneissorid 116.90 27.29 436 2 LA-ICPMS Zhu et al., 2015
26 Lichuan Muscovite-bearing granite 116.72 27.19 435 4 LA-ICPMS Shu et al., 2014
26 Lichuan Leucosome in migmatite Gneissoid 116.91 27.29 457 6 LA-ICPMS Wang et al., 2011b
26 Lichuan Two-mica granite Gneissoid 116.88 27.41 443 5 LA-ICPMS Unpublished data
26 Lichuan Two-mica granite Gneissoid 116.88 27.41 444 4 LA-ICPMS Unpublished data
26 Lichuan Muscovite granite Gneissoid 116.89 27.40 442 5 LA-ICPMS Unpublished data
27 Shangqing Biotite granite 117.18 27.02 440 5 LA-ICPMS Zhu et al., 2015
28 Fufang Monzonitic granite 116.50 27.00 434 4 LA-ICPMS Zhang et al., 2010c
28 Fufang Monzonitic granite 116.50 27.00 443 5 LA-ICPMS Zhang et al., 2010c
28 Fufang Granitoid 116.50 27.00 444 4 LA-ICPMS Zhang et al., 2010c
28 Fufang Gneissorid granite Gneissorid 116.59 26.97 421 5 LA-ICPMS Zhu et al., 2015
29 Tianjingping Granite 452 8 SHRIMP Li et al., 2010b
29 Tianjingping Leucosome Gneissoid 447 2 LA-ICPMS Zeng et al., 2008
30 E'po Biotite monzonitic granite S-Type 413 2 LA-MC-

ICPMS
Guo et al., 2014b

31 Huitong Biotite granite S-Type 116.18 26.39 426 6 LA-ICPMS Cui et al., 2013
32 Wantian Granite 465 2 LA-MC-

ICPMS
Liu et al., 2012

33 Ninghua Biotite granite 448 3 LA-ICPMS Zhang et al., 2010a
33 Ninghua Gneissorid granite Gneissorid 116.68 26.52 416 4 LA-ICPMS Zhu et al., 2015
34 Weipu Gneissoid granite Gneissoid 436 3 LA-ICPMS Xu et al., 2011
34 Weipu Granite 116.68 25.51 427 4 LA-ICPMS Chen et al., 2008
34 Weipu Two-mica granite 116.73 25.99 447 5 LA-ICPMS Xu et al., 2009
34 Weipu Two-mica granite 116.61 25.58 441 3 LA-ICPMS Xu et al., 2009
34 Weipu Biotite granite 430 3 LA-ICPMS Zhang et al., 2010a
34 Weipu Hornblende-bearing biotite

monzonitic granite
446 4 LA-ICPMS Zhang et al., 2010a

34 Weipu Granite 432 3 SHRIMP Li et al., 2010b
34 Weipu Granite 433 5 SHRIMP Li et al., 2010b
34 Weipu Granite 116.86 26.06 434 3 LA-ICPMS Li et al., 2012c
34 Weipu Biotite granite 117.34 26.33 409 3 LA-ICPMS Li et al., 2012c
35 Shaxian Gneissorid granite gneissorid 117.68 26.48 440 2 LA-ICPMS Zhu et al., 2015
36 Yong'an Gneissoid granite gneissoid 427 4 LA-ICPMS Wang et al., 2011b
37 Dehua Granite I-type 431 4 LA-ICPMS Zhang et al., 2015
38 Qishan Monzonitic granite 115.72 25.99 446 3 LA-ICPMS Yang et al., 2017
38 Qishan Monzonitic granite 115.72 25.99 440 3 LA-ICPMS Yang et al., 2017
39 Wuping Granite 441 5 LA-ICPMS Xu et al., 2011
39 Wuping Granite 431 3 LA-ICPMS Xu et al., 2011
39 Wuping Gneissoid granite Gneissoid 116.19 25.40 430 6 LA-ICPMS Wang et al., 2011b
39 Wuping Gneissoid granite Gneissoid 116.17 25.35 438 3 LA-ICPMS Wang et al., 2011b
39 Wuping Gneissoid granite Gneissoid 426 8 LA-ICPMS Wang et al., 2011b
39 Wuping Gneissoid granite Gneissoid 437 3 LA-ICPMS Wang et al., 2011b
39 Wuping Gneissoid granite Gneissoid 116.12 25.26 432 6 LA-ICPMS Wang et al., 2011b
40 Shanghang Gneissorid granite Gneissorid 116.64 24.86 440 2 LA-ICPMS Zhu et al., 2015
41 Changpu Granite 446 4 LA-ICPMS Xu et al., 2009
42 Qingzhou Biotite granite Massive 116.81 28.01 436 3 LA-ICPMS Song et al., 2015
Nanling-Wanyangshan area (boundary between southeast Hunan and south Jiangxi)
43 Wanyangshan Two-mica granite I-Type 113.82 26.46 437 4 SHRIMP Chu et al., 2012
43 Wanyangshan Quartz diorite I-Type 442 3 LA-ICPMS Xu and Xu, 2015
43 Wanyangshan Biotite monzonitic granite S-Type 114.00 26.50 434 2 LA-ICPMS Shen et al., 2008
43 Wanyangshan Monzonitic granite Massive 113.80 26.53 433 4 LA-ICPMS Zhang et al., 2012b
43 Wanyangshan Two-mica granite S-Type 431 3 LA-ICPMS Xu and Xu, 2015
43 Wanyangshan Two-mica granite S-Type 432 3 LA-ICPMS Xu and Xu, 2015
44 Penggongmiao Monzonitic granite Massive 113.68 26.13 405 3 LA-ICPMS Zhang et al., 2012b
44 Penggongmiao Biotite granite 113.52 25.97 435 3 LA-ICPMS Zhang et al., 2011a
44 Penggongmiao Biotite granite 113.52 25.97 436 3 LA-ICPMS Zhang et al., 2011a
44 Penggongmiao Biotite granite S to I-Type 438 2 LA-ICPMS Xu and Xu, 2015
44 Penggongmiao Two-mica granite S-Type 436 4 LA-ICPMS Xu and Xu, 2015
44 Penggongmiao Two-mica granite S-Type 433 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Monzonitic granite Massive 114.22 26.09 454 2 LA-ICPMS Zhang et al., 2012b
45 Zhuguangshan Biotite granite 447 2 LA-MC-

ICPMS
Wang et al., 2012

45 Zhuguangshan Hornblend granite I-Type 113.97 26.09 438 3 SHRIMP Chu et al., 2012
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 441 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 443 4 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing g biotite granite I-Type 439 5 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 442 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 442 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 438 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Amphibole-bearing biotite granite I-Type 437 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Biotite granite S to I-Type 438 2 LA-ICPMS Xu and Xu, 2015

(continued on next page)
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Table 1 (continued)

No. Pluton Rock type Classify Longitude (E) (°) Latitude (N)
(°)

Age (Ma) 2σ Method Reference

45 Zhuguangshan Biotite granite S to I-Type 437 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Biotite granite S to I-Type 439 3 LA-ICPMS Xu and Xu, 2015
45 Zhuguangshan Biotite granite 113.83 25.77 438 2 LA-ICPMS Zhu et al., 2015
46 Longmu Biotite monzonitic granite S-Type 114.67 26.18 450 9 LA-ICPMS Hu et al., 2012
46 Longmu Biotite granite S-Type 114.55 26.14 457 6 LA-ICPMS Hu et al., 2012
47 Shangyou-Doushui Biotite granite 114.52 25.81 431 2 LA-ICPMS Zhu et al., 2015
47 Shangyou-Doushui Biotite monzonitic granite S-Type 461 2 LA-MC-

ICPMS
Su et al., 2014

47 Shangyou-Doushui Granite S-Type 464 11 SHRIMP Mao et al., 2008
47 Shangyou-Doushui Two-mica granite S-Type 408 5 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
47 Shangyou-Doushui Biotite monzonitic granite S-Type 440 5 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
47 Shangyou-Doushui Biotite monzonitic granite S-Type 419 3 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
47 Shangyou-Doushui Biotite monzonitic granite S-Type 444 3 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
47 Shangyou-Doushui Muscovite-bearing granite 114.41 25.82 424 5 LA-ICPMS Shu et al., 2014
48 Longhui Biotite granitoid S-Type 440 4 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
48 Longhui Biotite granitoid S-Type 442 4 LA-ICPMS Zhang et al., 2010d; Zhang,

2011
49 Yangbu Biotite granite 461 1 LA-MC-

ICPMS
Zhao et al., 2012

50 Dabu Biotite monzonitic granite 115.27 25.60 423 4 LA-MC-
ICPMS

Liu et al., 2015a

51 Hanfang Biotite monzonitic granite 445 2 LA-MC-
ICPMS

Li et al., 2012a

52 Fuxi Monzonorite I-type 437 2 LA-ICPMS Xu and Xu, 2017
52 Fuxi Monzonorite I-type 440 3 LA-ICPMS Xu and Xu, 2017
52 Fuxi Granite I-type 438 3 LA-ICPMS Xu and Xu, 2017
52 Fuxi Granite I-type 441 3 LA-ICPMS Xu and Xu, 2017
53 Yonghe Two-mica granite 112.05 24.62 426 3 LA-ICPMS Yan et al., 2017
54 Daning Granite 419 6 SHRIMP Cheng et al., 2009a
54 Daning Monzogranite 111.88 24.59 439 3 LA-ICPMS Yan et al., 2017
Yunkai area (boundary between east Guangxi and west Guangdong)
55 Shidong Biotite granite 111.92 23.47 461 35 LA-ICPMS Geng et al., 2006
56 Guangping Biotite granite 111.29 23.26 444 6 LA-ICPMS Geng et al., 2006
56 Guangping Granite 111.19 23.27 436 3 LA-ICPMS Yan et al., 2017
57 Napeng Two-mica granite 111.16 22.74 443 3 LA-ICPMS Yan et al., 2017
58 Beijie Muscovite granite 110.80 22.32 430 3 LA-ICPMS Yan et al., 2017
59 Gaozhou Complex Charnockite 433 3 LA-ICPMS Chen et al., 2012
59 Gaozhou Complex Charnockite 434 4 LA-ICPMS Chen et al., 2012
59 Gaozhou Complex Gneissic monzogranite 453 5 LA-ICPMS Qiu et al., 2018
59 Gaozhou Complex Porphyritic granodiorite 437 2 LA-ICPMS Qiu et al., 2018
59 Gaozhou Complex Charnockite 435 2 LA-ICPMS Qiu et al., 2018
59 Gaozhou Complex Gneissic granite 430 8 SHRIMP Wan et al., 2010
59 Gaozhou Complex Gneissic granite 443 4 SHRIMP Wan et al., 2010
59 Gaozhou Complex Gneissic granite 437 5 SHRIMP Wan et al., 2010
59 Gaozhou Complex Gneissoid granite gneissoid 110.77 22.42 449 5 LA-ICPMS Wang et al., 2011b
59 Gaozhou Complex Gneissoid granite gneissoid 110.42 22.21 415 7 LA-ICPMS Wang et al., 2011b
59 Gaozhou Complex Leucosome in migmatite gneissoid 111.02 21.91 435 8 LA-ICPMS Wang et al., 2011b
59 Gaozhou Complex Foliated granite gneissoid 441 6 LA-ICPMS Wang et al., 2011b
59 Gaozhou Complex Biotite mylonitic granite 110.59 22.61 435 3 LA-ICPMS Yan et al., 2017
59 Gaozhou Complex Biotite gneissic granite 110.61 22.60 431 3 LA-ICPMS Yan et al., 2017
59 Gaozhou Complex Biotite gneissic granite 110.60 22.61 429 3 LA-ICPMS Yan et al., 2017
59 Gaozhou Complex Massive granite S-type 442 5 Cameca Yu et al., 2018
59 Gaozhou Complex Granodiorite xenolith I-type 442 4 Cameca Yu et al., 2018
59 Gaozhou Complex Diorite xenolith 441 7 LA-ICPMS Yu et al., 2018
59 Gaozhou Complex Charnockite 435 11 SHRIMP Peng et al., 2006
59 Gaozhou Complex Biotite monzogranite 465 10 SHRIMP Peng et al., 2006
59 Gaozhou Complex Biotite monzogranite 467 10 SHRIMP Peng et al., 2006
59 Gaozhou Complex Biotite monzogranite 413 8 SHRIMP Peng et al., 2006
59 Gaozhou Complex Gneissoid granitoids 433 2 LA-MC-

ICPMS
WanWang et al., 2013a

59 Gaozhou Complex Biotite monzogranite 110.20 22.27 443 3 LA-ICPMS WanWang et al., 2013a
59 Gaozhou Complex Biotite monzogranite 110.34 22.24 446 2 LA-ICPMS WanWang et al., 2013a
59 Gaozhou Complex Biotite monzogranite 110.98 21.92 441 2 LA-ICPMS WanWang et al., 2013a
59 Gaozhou Complex Biotite monzogranite 110.97 22.57 444 2 LA-ICPMS WanWang et al., 2013a
59 Gaozhou Complex Charnockite 439 2 LA-ICPMS Wang, 2013
59 Gaozhou Complex Charnockite 439 4 LA-ICPMS Wang, 2013
60 Sheshan Biotite granitoid 110.91 23.56 439 3 LA-ICPMS Li et al., 2015
61 Taishan Biotite granite I-Type 436 3 LA-ICPMS Huang et al., 2013
61 Taishan Hbl-Bt granite I-Type 436 6 LA-ICPMS Huang et al., 2013

(continued on next page)
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3. Temporal-spatial distributions of the Ordovician-Devonian
granitic rocks

The distribution of the Ordovician-Devonian granitic rocks in
southeast China is shown in Fig. 1b, and a summary of zircon U-Pb ages
of the these granitic rocks is listed in Table 1. Clearly, continuous Or-
dovician-Devonian magmatism in southeast China occurred from ca.
452Ma to ca. 381Ma, and reached an age peak at around 450–430Ma
(Fig. 2). The peak magmatism mainly occurred in the Wuyi, Nanling-
Wanyangshan, and Yunkai areas, south of the Jiangshan-Shaoxing fault,
and showed a clear NE zonal distribution (Fig. 1b). After ca. 435Ma,
the Ordovician magmatism was weakened and generated rocks that are
now widely distributed. Especially in Xuefengshan area, the granitic
rocks showed a northwestward younging trend (Fig. 1b, 2).

At the southern side of the Jiangshan-Shaoxing fault, the exposed
oldest pluton, the Tianjinping pluton in the Wuyi area, is ca. 452Ma (Li
et al., 2010b). Although few plutons show older ages, even older than
460Ma (like the Wantian, Longmu, Yangbu, and Shidong plutons; Geng
et al., 2006; Hu et al., 2012; Liu et al., 2012; Zhao et al., 2012), their
ages might have been artificially deviated by the analysis, which was
performed on the mixing domains of old cores and Early Paleozoic
metamorphic and anatectic domains in zircon grains. The complexity of
zircons structure in CL images has been shown in many cases of Pa-
leozoic granitic plutons. During the peak magmatism, granitic rocks
formed around the Tianjingping Pluton, as represented by the Cizhu,
Jinxi, Lichuan, and Fufang plutons in the Wuyi area (e.g., Li et al.,
2010b; Shu et al., 2014; Song et al., 2015; Zhu et al., 2015) (Fig. 1b),
the Gaozhou complex in the Yunkai area (e.g., Peng et al., 2006; Wan
et al., 2010; Wang et al., 2011b; Li et al., 2017; Yan et al., 2017; Qiu
et al., 2018; Yu et al., 2018), and the Zhuguangshan, Penggongmiao,
and Wanyangshan plutons in the Nanling area (e.g., Shen et al., 2008;
Zhang et al., 2011a, 2012b; Chu et al., 2012; Wang et al., 2012; Xu and
Xu, 2015; Zhu et al., 2015) (Fig. 1b). Subsequently, the more extensive
granitic magmatism generated 450–430Ma plutons represented by the
Qingyuan, Jianyang, Ninghua, Weipu, and Wuping plutons mainly in
the southeastern Wuyi area to the Zhenghe-Dapu Fault (e.g., Chen et al.,

2008; Xu et al., 2009, 2011; Liu et al., 2010, 2012; Zhang et al., 2010a,
2015; Cui et al., 2013; Yang et al., 2017; Table 1; Fig. 1b). At the end of
the magmatic period, many plutons formed at ca. 416Ma to 400Ma
scattered around the periphery of the Wuyi area, such as the Longquan,
Le’an, E’po, and Weipu plutons (Zhang et al., 2009; Li et al., 2012c; Guo
et al., 2014b; Xia et al., 2014).

On the northern side of the Jiangshan-Shaoxing fault, the granitic
rocks are generally younger than the southern part (Fig. 1b). In the
Wugongshan area, the granitic plutons, such as the Banshanpu, Hon-
gxiaqiao, and Zhangjiafang plutons, formed at peak magmatism, and
the Wugongshan pluton recorded the oldest U-Pb age at 455Ma (e.g.,
Zhang et al., 2010b, 2012b; Wang et al., 2011b; Zhong et al., 2013,
2016; Guan et al., 2014; Shen, 2016; Yu et al., 2016). Towards the
southwest, the granitic plutons in the Xuefengshan area are younger
and mainly formed from 436Ma to 381Ma (Fig. 1b). There seems to be
a magmatic quiescence at ca. 420Ma in the Xuefengshan area. The
earlier plutons, such as Yuechengling, Hengyang, Xuehuading, Dupan-
gling, and Haiyangshan plutons, generally formed during 436–424Ma
(Fu et al., 2004; Chu et al., 2012; Zhang et al., 2012b; Zhao et al., 2013;
Shu et al., 2014; Song et al., 2015; Table 1), while the Miao’ershan and
Baimashan plutons, which are locating at the westernmost extant,
formed at 415–381Ma (Chu et al., 2012; Zhang et al., 2012b; Zhao
et al., 2013; Table 1).

The granitic rocks formed during the peak magmatism, especially in
the Wuyi, Yunkai, and Wugongshan areas, are mostly gneissic in tex-
ture, and comprise two-mica granite, biotite granite, granodiorite,
monzogranite, and biotite granite (e.g., Zhang, 2011; BGMRJX, 2017).
The mineral assemblages of these rocks are K-feldspar, plagioclase,
biotite, quartz, and a few muscovite and amphibole, with minor zircon,
apatite, magnetite, and titanite as the major accessory minerals. These
Ordovician granitic plutons mostly occur as leucosome, indicating
strong genetic relationship with the surrounding metamorphic Neo-
proterozoic basement rocks (Liu et al., 2010; Wang et al., 2011b; Xu
et al., 2011; Zhang, 2011; Zhu et al., 2015; Qiu et al., 2018). Mean-
while, the granitic rocks from the Xuefengshan and Nanling-Wa-
nyangshan areas are mainly biotite granite, biotite monzonitic granite,
monzogranite, and less amphibole-bearing biotite granite. The mineral
assemblages are K-feldspar, plagioclase, biotite and quartz, with minor
zircon, apatite, magnetite, and zoisite. They are generally porphyroid in
texture and massive in structure, with K-feldspar and amphibole phe-
nocrysts.

4. Geochemical characteristics of the Ordovician-Devonian
granitic rocks

The geochemical characteristics of the Ordovician-Devonian
granitic rocks from these five areas, including whole-rock major-trace
elements and Sr-Nd and zircon Hf isotopes, will be described in detail
below. A brief summary of the information on these granitic rocks used
in this study is listed in Table 2. Because ferric and ferrous iron are not
always given together, major oxides of SiO2, TiO2, Al2O3, FeOt, MnO,
MgO, CaO, Na2O, K2O, and P2O5 are recalculated to 100wt% to con-
sistently compare different analyses. Initial Sr and Nd isotopic ratios for
the Ordovician-Devonian granitic rocks were calculated using the cor-
responding U-Pb zircon ages as listed in Table 2.

Table 1 (continued)

No. Pluton Rock type Classify Longitude (E) (°) Latitude (N)
(°)

Age (Ma) 2σ Method Reference

61 Taishan Hbl-Bt granite I-Type 436 4 LA-ICPMS Huang et al., 2013
61 Taishan Granodiorite I-Type 436 3 LA-ICPMS Huang et al., 2013
61 Taishan Granodiorite I-type 429 3 LA-ICPMS Yu et al., 2018
61 Taishan Gneissic granite xenolith 445 3 Cameca Yu et al., 2018

Fig. 2. Histogram of the zircon U-Pb ages of the Ordovician-Devonian granitic
rocks in southeast China. Data sources are listed in Table 1.

D.-L. Huang and X.-L. Wang Journal of Asian Earth Sciences 184 (2019) 104001

6



Table 2
A brief summary of petrological and geochemical features of the Ordovician-Devonian granitic rocks in southeast China.

No. Pluton Age used
(Ma)

SiO2 (wt %) A/CNK Tzrn (°C) εNd(t) εHf(t) T2DM (Ga) Reference

North of the Jiangshan-Shaoxin Fault
Xuefengshan area (boundary between Hunan and northeast Guangxi)
1 Baimashan 411 −7.23 to

−83.18
1.58–1.84 Chu et al., 2012

2 Miao'ershan 400 67.97–77.18 0.93–1.44 755–856 −8.83 to −7.74 −13.29 to
−2.74

1.55–2.21 Li et al., 2006; Chu et al., 2012; Zhang et al., 2012b; Zhao et al., 2013

3 Yuechengling 427 64.48–76.86 0.90–1.38 609–837 −8.41 to −6.79 −21.56 to
−0.01

1.40–2.75 Li et al., 2006; Chu et al., 2012; Zhao et al., 2013; Song et al., 2015

4 Haiyangshan 432 65.22–73.77 0.97–1.19 759–816 −8.81 to −7.53 −14.66 to
−4.09

1.66–2.32 Li et al., 2006; Zhang et al., 2012a, 2012b, 2012c; Song et al., 2015

5 Dupangling 428 −9.14 to −6.03 1.78–1.97 Chu et al., 2012
6 Xuehuading 432 69.09–71.29 0.99–1.00 780–782 −8.68 to −8.12 Fu et al., 2004; Cheng et al., 2009b
7 Hengyang 428 −8.76 to −4.09 1.66–1.95 Shu et al., 2014
8 Jinxiu 431 69.91–77.25 0.98–1.07 762–819 Li et al., 2017
Wugongshan area (boundary between east Hunan and west Jiangxi)
9 Banshanpu 422 67.57–72.25 1.00–1.41 760–822 −7.49 to −6.39 −4.90 to −0.22 1.41–1.71 Xu et al., 2006; Zhang et al., 2010b, 2012b; Guan et al., 2014
10 Hongxiaqiao 433 64.01–65.80 0.96–1.12 775–809 −8.06 to −7.04 −9.63 to −0.61 1.44–2.01 Zhang et al., 2010b, 2012b; Guan et al., 2014
11 Zhangjiafang 444 62.54–74.88 1.04–1.57 723–843 −10.55 to

−8.34
−26.91 to
−4.21

1.68–3.09 Zhang et al., 2010b; Yu et al., 2016; Zhong et al., 2016

12 Fengdingshan 436 62.68–70.80 0.94–1.07 733–807 −5.59 to −4.19 −7.94 ~ +2.28 1.26–1.90 Zhang et al., 2010b, 2012b; Zhong et al., 2013
13 Wugongshan 434 57.91–74.75 0.90–1.40 737 −9.05 −17.25 to

−1.98
1.53–2.49 Wu and Zhang, 2003; Wang et al., 2011b

14 Mingyueshan 445 69.36 1.10 807 −6.57 −11.01 to
−3.91

1.66–2.10 Wang et al., 2011b

15 Shanzhuang 433 −15.41 to
−5.08

1.72–2.37 Zhang et al., 2010b

16 Chengshang 436 65.77–67.11 1.06 760 Shen, 2016
17 Chencai 435 Li et al., 2010b
South of the Jiangshan-Shaoxing Fault
Wuyi area (boundary between southeast Jiangxi and northwest Fujian)
18 Longquan 411 67.76–75.04 0.96–1.48 763–865 −4.81 to +1.20 −8.96 to

+10.19
0.73–1.95 Xia et al., 2014

19 Qingyuan 430 73.55 1.14 848 −11.43 Wang et al., 2011b
20 Wufu 434 −19.16 to

−5.49
1.75–2.60 Zhu et al., 2015

21 Jianyang 440 69.74–75.53 0.91–1.07 715–793 −35.68 to
−12.18

2.17–3.62 Liu et al., 2010

22 Cizhu 437 60.64–74.61 0.98–1.42 654–843 −8.15 to −2.04 −20.90 ~
+0.95

1.34–2.71 Zhang et al., 2011b; Zhu et al., 2015

23 Jinxi 444 65.75–82.33 1.10–1.97 729–873 −9.22 to −8.11 −37.39 to
−1.70

1.51–3.72 Zhang et al., 2011b; Song et al., 2015; Zhu et al., 2015; an our unpublished data

24 Yihuang 436 70.76–72.69 0.94–1.24 829–865 −9.71 −35.04 to
−1.33

1.49–3.58 Wang et al., 2011b; Zhang et al., 2011b

25 Le'an 418 65.86–73.85 0.95–1.26 771–864 −6.86 to −6.09 Zhang et al., 2009, 2010d, 2012b; Zhang, 2011; Zhou et al., 2017
26 Lichuan 437 57.85–75.71 1.04–1.78 633–901 −14.95 to

−9.21
−37.05 to
−5.74

1.77–3.71 Wang et al., 2011b; Zhang et al., 2011b; Shu et al., 2014; Zhu et al., 2015; and our unpublished data

27 Shangqing 440 −12.96 to −4.0 1.66–2.22 Zhu et al., 2015
28 Fufang 437 67.15–73.97 0.99–1.14 745–832 −13.32 to

−11.46
−13.92 to
−6.84

1.84–2.28 Zhang et al., 2010c; Zhu et al., 2015

29 Tianjingping 447 60.97–72.63 0.97–1.11 766–844 −13.63 to
−10.02

2.04–2.27 Zeng et al., 2008; Li et al., 2010b

30 E'po 413 66.74–80.57 1.27–1.83 Guo et al., 2014b

(continued on next page)
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Fig. 3. Harker plots and discrimination diagrams of the Ordovician-Devonian granitic rocks in southeast China. Plots of SiO2 vs. Na2O+K2O (a), K2O (b),
FeOt+MgO (d), CaO (e), Eu/Eu* (i). (c) A/CNK vs. A/NK diagram (after Maniar and Piccoli, 1989). Plots of Sr/Y vs Y contents (f), and (g) (La/Yb)N vs. YbN contents
(after Drummond and Defant, 1990). (h) Plots of Eu/Eu* vs ΣHREE contents. Plots of Zr+Nb+Ce+Y contents vs FeOt/MgO (j), (Na2O+K2O)/CaO (k), and
10000*Ga/Al vs. Ce contents (after Whalen et al., 1987). Data sources are listed in Table 2.
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4.1. Whole-rock major and trace elements

All the Ordovician-Devonian granitic rocks fall in the subalkaline
granite and granodiorite areas in the total alkalis versus silica plot,
showing SiO2 contents mainly of 57.9–82.3 wt% and total alkalis con-
tents of 3.82–10.14 wt% (Fig. 3a). Therein, some leucosomes from the
Wuyi area gave quite high SiO2 contents at 76.0–82.3 wt%, possibly
indicating locally differentiation and cumulation. All granitic rocks
display a high-K to middle-K calc-alkaline affinity (Fig. 3b), yield pre-
dominately peraluminous compositions with aluminum saturation
index (ASI; molar A/CNK) values mainly concentrated around 1.0–1.5
(Fig. 3c). Therein, the data from the relatively young granitic rocks in
the Xuefengshan and Nanling-Wanyangshan areas have higher K2O

contents and show a high-K calc-alkaline affinity. All the granitic
samples exhibit strongly negative correlations in the plots of CaO, MgO
and FeOt versus SiO2 contents (Fig. 3d, e).

In the aspect of whole-rock trace elements, these granitic rocks are
characterized by enrichment in Rb, Pb, K, and Nd, and depletion in Ba,
Sr, P, and Ti (Fig. 4a–e). The results from granitic rocks in the Xue-
fengshan and Nanling-Wanyangshan areas display low Sr/Y
(0.05–25.9) and (La/Yb)N ratios (0.25–30.7; Fig. 3f–g). Whereas, the
results from the relatively young granitic rocks of the other areas dis-
play higher Sr/Y (0.13–63.5, especially for the Wugongshan and Wuyi
areas) and (La/Yb)N ratios (1.23–199, especially for the Wugongshan
area), suggesting an adakite affinity (Fig. 3f–g).

All these granitic rocks show total rare-earth elements (REE)

Fig. 4. Primitive mantle-normalized trace elements patterns (a–e), and chondrite-normalized REE patterns (f–j) for Ordovician-Devonian granitic rocks in southeast
China. The normalizing data are from McDonough and Sun (1995). Data sources are listed in Table 2.
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contents ranging from 22.9 to 491 ppm, with variable Eu/Eu* ratios
(Eu/Eu*= 2×EuN/(SmN+GdN); 0.01–5.13; Fig. 3h) and REE frac-
tionation patterns ([Gd/Yb]N=0.09–17.4; Fig. 4f–j). Therein, two
types of REE patterns can be recognized from the Xuefengshan and
Nanling-Wanyangshan areas, with one showing stronger negative Eu
anomalies and higher heavy REE (HREE: from Gd to Lu) contents than
the other (Fig. 3h). In Fig. 3i, Eu/Eu* generally varies at a higher
constant range (Eu/Eu*>0.20) when SiO2 contents are lower than ca.
75%, but it shows a rapid decline after SiO2 approaches ca. 75% (Eu/
Eu* ≤ 0.20). Furthermore, all of these samples with strongly negative
Eu anomalies (Eu/Eu* ≤ 0.20) are plotted in the fractionated felsic
granite area (Fig. 3j–k, FG), while the others mainly fall in the un-
fractionated granite area (Fig. 3j–k, OGT). The Eu/Eu* ratios also show
a strong negative relationship with FeOt/MgO and (K2O+Na2O)/CaO
ratios. In contrast, the samples from the Wugongshan and Wuyi areas
show relatively coincident Eu/Eu* ratios and much lower HREE con-
tents (Fig. 3h, 4 h–i). Moreover, a few samples display a much higher
Eu/Eu* (Eu/Eu*>1.0) when SiO2 contents are higher than 75%
(Fig. 3i).

4.2. Whole-rock Sr-Nd isotopes

The granitic rock samples from the Xuefengshan area exhibit varied
(87Sr/86Sr)i values of 0.7061–0.7366, but accordant εNd(t) values from
–8.83 to –6.79 (Fig. 5a). Miao’ershan, which is the youngest pluton at
the westernmost point, shows the greatest variation in (87Sr/86Sr)i va-
lues of 0.7061–0.7366. The other plutons show (87Sr/86Sr)i values from
0.7165 to 0.7284. Both (87Sr/86Sr)i and εNd(t) values express lower
correlations with whole-rock SiO2 contents (Fig. 5b). Two-stage model
ages (TDM2) of the rocks are from 1.89 Ga to 1.71 Ga (Fig. 6a).

The granitic rocks from the Nanling-Wanyangshan, Wugongshan,
and Yunkai areas share similar whole-rock Sr-Nd isotopic features. They
show (87Sr/86Sr)i values of 0.7035–0.7295, εNd(t) values from –11.03 to
–0.48 (Fig. 5a), and TDM2 from 2.07 Ga to 1.22 Ga (Fig. 6b, c, e). A
slightly negative correlation between (87Sr/86Sr)i and εNd(t) (Fig. 5a),
and a slightly positive correlation between (87Sr/86Sr)i and SiO2 con-
tents can be recognized in these rocks (Fig. 5b). Furthermore, a mild
enrichment in Nd isotopes exists for rocks with ages from>440Ma to
ca. 435Ma, followed by an opposite trend after ca. 435Ma (Fig. 5c).
This phenomenon can also be evidenced by the variation in TDM2 of Nd
isotopes.

The granitic rocks from the Wuyi area are general older than ca.
435Ma and exhibit (87Sr/86Sr)i values varying from 0.7010 to 0.7290,
εNd(t) values from –14.95 to +1.27 (Fig. 5a), and TDM2 from 2.39 Ga to
1.05 Ga (Fig. 6d). No clear correlation among (87Sr/86Sr)i, εNd(t) values,
and SiO2 contents has been observed (Fig. 5b). However, a strong en-
richment in Nd isotopes exists at ca. 440–435Ma (Fig. 5c). After
420Ma, the granitic rocks express low (87Sr/86Sr)i values but high
εNd(t) values, approaching the range of the depleted mantle (Fig. 5a).

4.3. Zircon Hf isotopes

The Ordovician-Devonian granitic rocks from the Xuefengshan and
Nanling-Wanyangshan areas share similar zircon Hf isotopic features,
with accordant εHf(t) values from –21.56 to –0.01 and –18.99 to –1.30,
respectively (Fig. 5d). Zircon Hf isotope two-stage model ages (TDM2)
vary from 2.75 Ga to 1.40 Ga for these rocks, with a peak at ca.
1.8–1.7 Ga (Fig. 6f, g).

In the Wugongshan, Yunkai, and Wuyi areas, the Ordovician plutons
generally show a large variation in zircon εHf(t) values from −39.02 to
+4.37. The Silurian-Devonian plutons generally show a narrow varia-
tion in zircon εHf(t) values from −19.16 to +3.37 (Fig. 5d). However,
some granitic rocks with ages younger than 415Ma show slightly
radiogenic Hf isotopic features of εHf(t) from –8.96 to +10.19, such as
the Longquan and Weipu plutons in the Wuyi area (Fig. 5d). Zircon
TDM2 values of rocks from these three areas vary from 3.82 Ga to

0.73 Ga. Therein, the dominant TDM2 peaks of rocks in Wugongshan and
Yunkai are both at ca. 1.9 Ga, with a minor peak at ca. 1.5 Ga
(Fig. 6h–j). For rocks in the Wuyi area, a wide TDM2 peak ranges from
ca. 2.0 Ga to 1.5 Ga, and minor peaks are at ca. 2.5 Ga and 1.0 Ga,
different from rocks in other locations (Fig. 6).

5. Magma sources and petrogenesis of the Ordovician-Devonian
granitic rocks

As indicated in Fig. 5c and 5d, the age of ca. 435Ma acts as a
threshold for geochemical variation. There is an overall decrease in
εNd(t) with time for> 435Ma (Ordovician) granitic rocks and a steady
increasing trend for the<435Ma (Silurian- Devonian) rocks, although
there is another decrease at ca. 400Ma (Fig. 5c). Similarly, the>435
Ma granitic rocks show significant variation and enrichments in zircon
εHf(t) relative to the<435Ma rocks, and the latter shows a steady
increase in εHf(t) followed by a decrease at ca. 400Ma (Fig. 5d). These
trends are very clear in the Wuyi, Nanling-Wanyangshan, and Yunkai
areas. In fact, the ca. 400Ma rocks are all from the Xuefengshan area
where granitic rocks show constant εNd(t) and εHf(t) values (Fig. 5c, d).

The> 435Ma granitic rocks with most enriched Nd-Hf isotopic
features occur mainly in the northern Wuyi area, such as at the
Tianjingping and Lichuan plutons, which indicates the most significant
incorporation of old crustal materials. Their occurrences are also con-
sistent with the existence of Paleoproterozoic basement rocks in the
northern Wuyi area, such as the Badu Complex (Yu et al., 2012; and
references therein). Furthermore, the largely variable Hf-Nd isotopic
crustal model ages and highly variable εHf(t) and εNd(t) values reflect
the mixing of juvenile and ancient crustal materials in the magma
sources of granitic rocks from the Wuyi, Yunkai, and Wugongshan
areas. Geochemically, the granitic rocks from the Wuyi area show high
ASI but low concentrations of Cr and Th, and more depleted HREE
(Fig. 7c, f, i, and k). These geochemical characteristics, combined with
the occurrences of strongly peraluminous minerals (e.g., notably garnet
and sillimanite in some samples; Liu et al., 2010; Wang et al., 2011b;
Zhang, 2011), indicate more pelitic components in the source rocks.
Meanwhile, the rocks from the Yunkai and Wugongshan areas show
much higher Cr concentrations (Fig. 7i), suggesting the increasing in-
volvement of mafic materials and sources further removed from ancient
basements.

The< 435Ma granitic rocks generally show a northwestward
younging trend, and is much more pronounced in the Xuefengshan area
(e.g., Chu et al., 2012; Zhao et al., 2013; Guan et al., 2014; Fig. 1b). The
high, narrow ranges of εHf(t) and εNd(t) values in the Xuefengshan and
Nanling-Wanyangshan areas suggest a decreased contribution of an-
cient crustal materials relative to the> 435Ma rocks. In fact, there was
no pre-Neoproterozoic crust in the Xuefengshan and Nanling-Wa-
nyangshan areas during the Paleozoic. In contrast, the promotional
trends of εHf(t) and εNd(t) values in time-evolved arrays (Fig. 5c, d)
imply an increased contribution of mafic materials. However, the lack
of mafic magmatism with depleted Nd-Hf isotopic features during this
period may argue against the significant involvement of juvenile mafic
crustal materials. Contemporaneous sporadically distributed mafic
rocks were indeed found in the Banshanpu, Zhuguangshan, and Daning
areas, which may indicate the underplating of mafic magmas that may
have triggered large-scale partial melting (e.g., Yao et al., 2012; Wang
et al., 2013c). Furthermore, zircon Hf isotopic model ages show a peak
around ca. 1.8–1.7 Ga (Fig. 5f), indicating that the crustal growth in the
provenance of the source rocks of this region took place mainly during
the Paleoproterozoic (ca. 1.84 Ga). This is also supported by the studies
of detrital zircons that show a significant crustal growth period at ca.
1.87–1.85 Ga in the Cathaysia Block (e.g., Xu et al., 2007; Yu et al.,
2010; Li et al., 2012b, 2014). The earlier (> 430Ma) granitic rocks
from Xuefengshan and Nanling-Wanyangshan areas generally share the
fractionated geochemical features and are characterized by high SiO2,
low MgO, FeOt, CaO, and TiO2 contents, extremely negative Eu/Eu*,
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and high HREE concentrations, falling in the FG areas (Figs. 3 and 7).
The later plutons (< 430Ma) generally show narrower variations in
SiO2 and K2O contents, ASI, εHf(t) and εNd(t) values (Fig. 5c, d; Fig. 7),
and contain abundant amphibole, supporting an I-type affinity by
mixing of meta-igneous and meta-sedimentary rocks (e.g., Huang et al.,
2013; Guan et al., 2014; Yu et al., 2016).

6. Tectonic environments for the Ordovician-Devonian granitic
magmatism

6.1. Pressures and temperatures of granitic magmatism

The roles of garnet and plagioclase are key in evaluating melting
depth because their geochemical behaviors during partial melting in
sources or residues will affect the whole rock Sr, Y, and HREE con-
centrations. During the partial melting of metasedimentary rocks,
garnet and plagioclase in the residue can be stable at ≥5 kbar and<
12–15 kbar, respectively (e.g., Patiño Douce and Beard, 1995; Stevens
et al., 1997; Patiño Douce and Harris, 1998; López and Castro, 2001;
Rapp et al., 2003; Xiong et al., 2005). In the plot of Sr/Y versus La/Yb

(Fig. 8a; Wang et al., 2016a), the granitic rocks from the Xuefengshan
and Nanling-Wanyangshan areas are mostly defined by relatively low
La/Yb ratios (namely, the F3 domain); the rocks from the Wugongshan
area mainly show relatively high La/Yb ratios (the F2 domain); the
rocks from the Yunkai area straddle the above two parts and are plotted
both in F2 and F3 domains; and the rocks from the Wuyi area show the
most variation, which overlaps the other areas. Except for the fractio-
nated granitic rocks that have SiO2 contents> 75wt% from the Xue-
fengshan and Nanling-Wanyangshan areas, the rocks express no re-
lationship between La/Yb ratios and SiO2 contents, precluding the
effect of fractional crystallization on La/Yb ratios. Thus, it can be in-
ferred that the rocks in Xuefengshan and Nanling-Wanyangshan are
derived at relatively low pressure with plagioclase and little or no
garnet; the rocks in the other three areas are derived at higher pressure
with both plagioclase and garnet. Furthermore, the rocks from Wuyi
and Yunkai may originate from a transitional condition with varied
pressures (Fig. 8a).

As indicated before, garnet is a quite common mineral at the contact
margins between the Ordovician-Devonian granitic rocks and wall
rocks in the Yunkai, Wugongshan, and Wuyi areas (e.g., Liu et al., 2010;

Fig. 5. Plots of Sr-Nd-Hf isotopic analyses of the Ordovician-Devonian granitic rocks in southeast China. Plots of (87Sr/86Sr)t vs. εNd(t) (a), SiO2 vs (87Sr/86Sr)t (b),
zircon U-Pb ages vs. εNd(t) (c) and εHf(t) (d). Data sources are listed in Table 2.
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Zhang et al., 2010b; Wang et al., 2011b; Zhang, 2011; Wang, 2013).
According to our petrographic work in the northern Wuyi area, the
mineral assemblages of peak metamorphism comprise garnet+ silli-
manite+K-feldspar ± plagioclase ± quartz ± biotite, and garnet
are typically in contact with biotite, plagioclase, and quartz, indicating
that biotite broke down to produce the melt and residual garnet with
remnant reactants preserved as inclusions in the garnet grains (e.g.,
Singh and Johannes, 1996; Stevens et al., 1997; Patiño Douce and
Harris, 1998). This is also supported by the adakitic features of the
granitic rocks from these three areas with high Sr/Y and (La/Yb)N ratios
(Fig. 3f–g), which can be generated during crustal anatexis at amphi-
bolite-facies metamorphic conditions. The approximate pressure can
then be defined using the garnet–biotite–Al2SiO5–quartz (GBAQ)

geobarometer (Wu, 2017) as approximately 0.5 GPa. This metamorphic
condition is quite similar to that of granulites in the northern Wuyi-
Yunkai area (Yu et al., 2014). Therefore, we speculate that the meta-
morphic pressures for the other areas should be lower or approximately
the same as the Wuyi area at around 0.5 GPa.

We use the zircon saturation temperature to roughly estimate the
melt temperature of the Ordovician-Devonian granitic rocks. Although
the relict old zircon grains/domains may result in an overestimation of
temperature, it still can give the trend and differences among different
areas. In Fig. 8b, the analyses from the Xuefengshan, Nanling-Wa-
nyangshan, and Wugongshan areas center at 750–800 °C, and the
analyses from the Wuyi and Yunkai areas vary in a larger domain from
ca. 700 °C to 850 °C. For the Wuyi area, the approximate temperature of

Fig. 6. Histograms of the whole-rock Nd isotopic two-stage model ages (a–e) and zircon Hf isotopic two-stage model ages (f–j) for each area of the Ordovician-
Devonian granitic rocks in southeast China. Data sources are listed in Table 2.
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peak metamorphism was defined at approximately 828 °C (Huang et al.,
submitted) using the garnet–biotite geothermometer (Holdaway,
2000). For the Yunkai area, the occurrence of amounts of igneous
charnockites indicates a hot (generally higher than 800 °C) and dry
crystallization condition (Weiss and Troll, 1989; Frost et al., 2000;
Harlov et al., 2013). The large variation in forming temperatures for the
granitic rocks in the Wuyi and Yunkai areas may be the response to
various degrees of crustal anatexis.

Therefore, the P-T conditions for generation of Ordovician-
Devonian granitic rocks in the Xuefengshan and Nanling-Wanyangshan

areas are quite similar and can be settled at relative low pressures at
around 750 °C. Considering the pressure was constrained by meta-
morphism and may represent the pressure of magma source, this P-T
condition needs an exotic heating source, which could be accomplished
by underplating of mafic magmas. The various degrees of crustal ana-
texis in the Wugongshan, Wuyi and Yunkai areas may result from the
varied P-T conditions.

Fig. 7. Time-evolved geochemical variation of the Ordovician-Devonian granitic rocks in southeast China. Data sources are listed in Table 2.
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6.2. Geodynamic driving force for Ordovician-Devonian crustal melting

The tectonic environment and geodynamic driving force of south-
east China during the Early Paleozoic are still a matter of considerable
debate (e.g., Li et al., 2008, 2009; Wang et al., 2011a, 2013a, 2014;
Cawood et al., 2016). Some researchers have suggested that the Early
Paleozoic tectonothermal event was related to the collision of the
Yangtze and Cathaysia blocks (e.g., Wang, 2004; Peng et al., 2006).
However, others considered that the Early Paleozoic granites do not
show features of an active continental margin where ocean-continent
subduction occurred; they therefore interpreted the magmatism as a
result of within-plate activity (e.g., Wang et al., 2006, 2014; Charvet
et al., 2010; Shu et al., 2014). The latter viewpoint has been widely
accepted for the reasons below: (1) absence of large-scale subduction-
related calc-alkaline volcanism (e.g., Shu et al., 2008; Wang et al.,
2010; Yao et al., 2012); (2) absence of Early Paleozoic ophiolites
(Charvet et al., 2010; BGMRJX, 2017); (3) lack of syntectonic high-
pressure metamorphic rocks and dominant neritic-bathyal sedimentary
setting in the Early Paleozoic (Li et al., 2010b; Wang et al., 2011b; Shu
et al., 2014); (4) interpretation that most of the Early Paleozoic granites
formed by partial melting or preexisting old crust without significant
involvement of juvenile crust (e.g., Liu et al., 2010; Wang et al., 2011b;
Zhang, 2011); and (5) existence of sporadically distributed mafic rocks
showing enriched Nd isotopic features (e.g., Wang et al., 2013c; Zhong
et al., 2013; Zhang et al., 2015).

It has been widely accepted that the Yangtze and Cathaysia blocks
were welded together during the early to middle Neoproterozoic (e.g.,
Li et al., 2008, 2009; Wang et al., 2007, 2011a, 2013a, 2014; Cawood
et al., 2016). Following the Neoproterozoic assembly, there was a failed
rift between the two blocks, and the Paleozoic tectonothermal event
overprinted on the rift basins possibly in response to the dispersion of
the Gondwana supercontinent. The Early Paleozoic strong compression
and intensive thrusting between the Cathaysia and Yangtze blocks gave
rise to doubly-thickened crust (Wang et al., 2007, 2013c; Charvet et al.,
2010; Li et al., 2010b), and we suggest there was a northwestward
driving force to the southeast of the Cathaysia Block since the early
phase of Early Paleozoic granitic magmatism showing a NE-trending
distribution. The intracontinental deformation and metamorphism in
southeast China may be the result of the far-field effect of the geody-
namic process. The interior of the eastern Cathaysia Block was very
rigid so only the preexisting Neoproterozoic failed basins, located be-
tween the Yangtze and Cathaysia blocks, were overprinted and re-
worked. Following the convergence, subsequent delamination and post-
orogenic collapse occurred along the NE-trending Wuyi-Yunkai orogen
and led to the upwelling of the asthenosphere and partial melting of the
lower crust to form the widespread Early Paleozoic granitoids of the
Wuyi-Yunkai Orogen (Yao et al., 2012; Wang et al., 2013c). In general,

the formation of the Early Paleozoic granitic rocks is suggested to be
related to the syn- to late- orogenic magmatism of the Wuyi-Yunkai
orogeny. The ages of peak metamorphism in the eastern part of the
Early Paleozoic orogeny have been constrained at ca. 460–440Ma (Li
et al., 2010b). According to the geochronology and geochemistry of the
available data, synorogenic to late orogenic melting occurred in the
interval of ca. 450–430Ma and the cooling ages are not younger than
ca. 420Ma (e.g., Chu et al., 2012; Guan et al., 2014).

6.3. Tectonic transition at ca. 435Ma

The Early Paleozoic orogenesis in southeast China was probably
initiated in the Middle Ordovician (ca 460Ma), when the Nanhua rift
had closed and switched to a dominantly compressive regime (Li et al.,
2010b). During this period, intensive crustal shortening, manifested by
tight folds and thrust tectonics, rapidly thickened the crust to twice its
normal thickness (Faure et al., 2009; Charvet et al., 2010). Rapid
crustal thickening resulted in intensive erosion, which gave rise to de-
positional rates 20 to 200 times the customary rates (Chen et al., 2010;
Rong et al., 2010). Metamorphism occurred under intermediate P-T
conditions, characterized by a mineral assemblage of staurolite, kya-
nite, garnet and biotite (BGMRJX, 2017). Anatexis was common in the
Wuyi-Yunkai domains, whereas magmatism was sporadic, small in
scale, and dominated by granitic veins and stocks (Li et al., 2010b;
Wang et al., 2011b; BGMRJX, 2017). No coeval mafic magmatism has
been identified at this time, although they could have also contributed
heat for crustal melting.

According to the collected data, the granitic rocks formed during the
Ordovician (> 435Ma, Fig. 9A) generally stretch along the Wuyi-
Yunkai orogeny, and they show large variations in major and trace
elements (Fig. 7). Such variations may suggest a strong differentiation,
which was facilitated by fluids associated with the orogenesis. Fur-
thermore, Sr/Y and (La/Yb)N ratios of this period can reach a higher
level (Figs. 3, 7) to resemble typical adakite. Recent experimental study
has revealed that the most appropriate P-T conditions for producing
adakitic melts in the lower crust are 800–950 °C and 10–12.5 kbar, and
that higher temperature (ca. 950–1000 °C) and pressure (ca. 45–50 km
crust) may not be favorable for the genesis of adakitic rocks (Qian and
Hermann, 2013). It is noted that all these geochemical features can be
related to partial melting with residual garnet, which does not ne-
cessarily need a high pressure with metasedimentary source rocks.
Since the geochemistry and field geology have shown that these granitic
rocks were formed dominantly by partial melting of Neoproterozoic
metasediments, it is possible that the melting depth was not as deep as
typical adakites that are formed by melting of the mafic lower crust.
Although a quite high temperature regime necessary to trigger the
crustal anatexis can be provided by the upwelling of asthenosphere

Fig. 8. Pressure-temperature estimates for the Ordovician-Devonian granitic rocks in southeast China. (a) Plots of Sr/Y vs. La/Yb ratios, therein the boundary lines of
La/Yb= 18 and Sr/Y=46 and fields F1-F3 in are according to Wang et al. (2016a). (b) Zircon saturation temperatures of granitic rocks from different areas. M =
(Na+K+2Ca)/(Al× Si), and all are in cation fraction (Boehnke et al., 2013). (c) Time-evolved zircon saturation temperature variation. of Data sources are listed in
Table 2.
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accompanied with mantle convection or orogenic collapse, the Ordo-
vician granitic rocks show some differences with the typical accre-
tionary orogenic granite in their negative εHf(t) and εNd(t) values and
extremely low ratios of Nb/Ta and Zr/Hf in some samples (Fig. 7).

In the Silurian-Devonian, the magmatism was weakened, and gen-
erated rocks now widely distributed (Fig. 9B), with a low-angle de-
tachment structure, suggesting stretch-shear relaxation after compres-
sion (e.g., Xu et al., 2006; BGMRJX, 2017). Mantle-derived mafic
magma was identified for the first time in the Early Silurian (ca.
435Ma; Yao et al., 2012), and occurred intermittently until the Early
Devonian (Wang et al., 2013c; Zhong et al., 2013). These mafic magmas
were mainly derived from metasomatized lithospheric mantle with a
rather high potential temperature. The occurrence of mafic rocks and
low radiogenic Hf and Nd isotopes in the granitic rocks implies an in-
creasing influence of the asthenospheric mantle, which has been at-
tributed to the rise of the lithosphere thermal boundary during post-
orogenic collapse or delamination (Yao et al., 2012; Wang et al.,
2013c). Granitic intrusions were widely emplaced in both the Yangtze
and Cathaysia blocks, suggesting expanding extension to facilitate
widespread crustal melting due to the underplating of mantle-derived
magmas.

The occurrence of high-K calc-alkaline granites in the Xuefengshan
area can exemplify the transition from compression to extension. The
granitic plutons in the area are generally in strip-shaped, with a long
axis in a NNW direction (BGMRJX, 2017). The rocks at this time gen-
erally do not develop any foliation and disordered residual, suggesting
that they formed under an extensional environment passively. Corre-
spondingly, there is a rising trend in most major and trace elements for
the<435Ma rocks. In addition, most granitic rocks in the Xuefengshan
area showed I-type affinity and lasted until ca. 381Ma. Given the
temporal-spatial distribution of Ordovician-Devonian granitic rocks,
the Xuefengshan area may have been located at the western margin of
Paleozoic magmatism at that time, which would also be the margin that
underplating of mafic magma could reach during the Early Paleozoic.
The decreasing excess water from underplated basic magmas may also
be a major reason for the increasing Zr saturation temperatures
(Fig. 8c).

7. Conclusions

The Ordovician-Devonian granitic rocks in southeast China witness

the Wuyi-Yunkai intracontinental orogenesis and subsequent post-oro-
genic collapse. Based on a synthesis of the available data, these granitic
rocks formed during the Ordovician-Devonian with an age peak of
450–430Ma. The peak magmatism generated rocks in a narrow NE-
trending belt in the Wuyi-Yunkai orogen, concentrated in the southern
areas of the Jiangshan-Shaoxing fault. The subsequent magmatism
generated more widely distributed igneous rocks with a northwestward
younging trend.

The granitic rocks, forming during the Ordovician in the Wuyi,
Yunkai and Wugongshan areas, are mainly gneissic in structure and
show a close genetic relation to the Neoproterozoic metamorphic strata
in the field. They show strong differentiation, expressed by large var-
iations in various indexes (including major-trace elements, Nd-Hf iso-
tope, and zircon saturation temperature), and even adakitic features.
This could have been influenced by fluids and differentiations asso-
ciated with the crustal anatexis, provided by the upwelling of the
asthenosphere accompanied with mantle convection or orogenic col-
lapse before ca. 435Ma. During the Silurian-Devonian, the granitic
rocks in the Xuefengshan and Nanling-Wanyangshan areas show mas-
sive structure and suggest an increased contribution of mafic materials
in the magma source. They generally show I-type affinities and greater
incorporation of mafic crust in the source, suggesting an orogenic col-
lapse environment at a later period. Therefore, we suggest that there
was a NE-trending continent-continent collision before 435Ma and the
subsequent orogenic collapse led to the expansion of crustal melting.
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