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The South China Block (SCB) is considered to have undergone extensive reworking of continental crust. How-
ever, the processes and mechanisms of this reworking remain uncertain. Here, we investigated Early Silurian
(442 Ma) biotite granodiorites and Late Jurassic (164-159 Ma) biotite granites in the Guangzhou area of SE
Wuyi-Yunkai orogen (WYO), South China. The biotite granodiorites and biotite granites show major and trace
element characteristics similar with crustal-derived melts. They have enriched whole-rock Sr-Nd ((87Sr/86Sr)i =
0.7108-0.7210; eng(t) = — 11.7 to —7.6) and zircon Hf (eys(t) = —17.2 to —1.7) isotopic compositions. Early
Silurian biotite granodiorites have relatively homogeneous zircon 5'80 values (8.6%0—9.3%o) while Late Jurassic
biotite granites show a wide range of zircon §'80 values (7.4%c—10.6%q). We suggest that the Early Silurian
biotite granodiorites were formed by partial melting of amphibolites and that the Late Jurassic biotite granites
were formed by partial melting of a hybridized crustal source containing metasedimentary rocks with subor-
dinate juvenile crustal rocks. Combining our results with those of previous studies in the SCB, we suggest that
Early Paleozoic intracontinental reworking of the SCB can be divided into three stages: crust double-thickening,
orogenic collapse, and post-orogenic lithospheric extension. During the Late Ordovician to Early Silurian,
Guangzhou area of the SE WYO underwent reworking mainly of middle-lower-crustal rocks in response to crust
double-thickening. In addition, during the Late Jurassic, the area underwent reworking mainly of middle-lower-
crustal metasedimentary rocks, which was induced by heating from mantle-derived mafic magmas.

1. Introduction reworking of supracrustal metasedimentary rocks or infracrustal juve-

nile crustal rocks, respectively (Zheng et al., 2007). Investigation of the

Reworking of continental crust involves repeated metamorphism,
deformation, and remelting of crustal rocks without a change in
lithospheric-scale volume (Holdsworth et al., 2001). Such reworking
may promote metal mineralization (Liu et al., 2020c) and remobilization
of crustal carbon (Cheng, 2020; Mason et al., 2017), and is evidenced by
the occurrence of folds, metamorphic rocks, and granitoids at Earth’s
surface. In addition, magmatic zircons in granitoids with elevated 50
(>>8.0%o) or mantle 580 (5.3%o + 0.3%o) values are closely related to the

reworking of continental crust is important in understanding the
chemical composition and differentiation of crustal rocks (Hawkesworth
and Kemp, 2006). Furthermore, reworking of continental crust is known
to be associated with W-Sn—Nb-Ta mineralization (Shu et al., 2011; Mao
et al., 2013a,b, 2021). The SCB is an natural laboratory to study conti-
nental crust reworking (Wang et al., 2013b; Shu et al., 2021). After the
Neoproterozoic amalgamation of the Yangtze and Cathaysia blocks, the
SCB underwent four major periods of reworking of continental crust,
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during the Neoproterozoic (Li et al., 2005), Early Paleozoic (Wang et al.,
2013b; Shu et al., 2015), Early Mesozoic (Wang et al., 2007a), and Late
Mesozoic (Zhou and Li, 2000; Li and Li, 2007). However, the mecha-
nisms and processes of crustal reworking in the SCB are debated, espe-
cially with respect to the reworking during the Early Paleozoic and Late
Mesozoic.

Three major mechanisms have been proposed to explain the
reworking of continental crust of the SCB during the Early Paleozoic. (1)
Crustal double-thickening was linked to intraplate subduction or over-
thrusting between the Cathaysia and Yangtze Blocks (Faure et al., 2009;
Shu et al., 2015; Li et al., 2010). (2) Orogenic collapse followed by crust
double-thickening (Yao et al., 2012; Wang et al., 2013c; Zhong et al.,
2014, 2016); (3) The Early Paleozoic orogeny was formed by oceanic
subduction and the subsequent collision between the west Cathaysia
Terrane and a yet-unidentified terrane (Lin et al., 2018; Tong et al.,
2021).

The SCB continental crust underwent its most intense episode of
reworking during the Late Mesozoic, as evidenced by extensive Late
Mesozoic granitic magmatism and mineralization (Zhou and Li, 2000;
Zhou et al., 2006; Mao et al., 2013a,b). Late Mesozoic continental
reworking mechanisms can be summarized into three types: (1)
NW-WNW-directed oblique subduction and subsequent roll-back of
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Paleo-Pacific oceanic lithosphere (Zhou and Li, 2000; Jiang et al., 2009,
2015); (2) flat slab subduction and subsequent slab foundering (Li et al.,
2007; Li and Li, 2007); (3) post-orogenic (Triassic: 252-201 Ma) litho-
spheric extension after collision of the SCB and Indochina and North
China Blocks (Wang et al., 2003). Intensive large-scale reworking of the
SCB continental crust required a heat supply from mantle-derived mafic
magmas (Zhou and Li, 2000). However, whether reworking of meta-
sedimentary rocks could be induced by such a heating mechanism in
addition to in situ radiogenic heating related to over-thickened crust
(Wang et al., 2007a; Shu et al., 2015) remains uncertain.

In this study, we present detailed petrographic, geochronological,
whole-rock major- and trace-elemental, and whole-rock Sr-Nd and
zircon Hf-O isotopic data for Early Paleozoic biotite granodiorites and
Late Mesozoic biotite granites from the Guangzhou area of SE WYO,
southeastern China. These data, together with results of previous
studies, are used to provide insights into processes involved in the
reworking of continental crust in the SCB during the Early Paleozoic and
Late Mesozoic.

2. Geological background and sample descriptions
The SCB is bounded by the Pacific Ocean to the east, the
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Fig. 1. (a) Simplified regional map showing the tectonic framework of China (revised from Liu et al., 2020a, and references therein). (b) Sketch map showing the
distribution of Early Paleozoic WYO magmatic rocks in the South China Block (SCB) (modified after Liu et al., 2020a, and references therein). The solid blue line
represents the Yangtze River or coastline. The dotted black lines are provincial borders. Ages and geochemical characteristics of representative Early Paleozoic
magmatic rocks in the Guangdong province of southern Nanling Range are compiled in Supplementary Tables 5 and 6. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of this article.)
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Longmenshan Fault Zone and Ailaoshan-Honghe Fault to the west, the
Qinling-Dabie-Sulu ultrahigh-pressure tectonic belt to the north, and
the South China Sea to the south (Fig. 1a). The SCB is composed of the
Yangtze Block to the northwest and the Cathaysia Block to the southeast,
which were amalgamated along a continent-continent collisional belt
(the Jiangnan orogen) during the Neoproterozoic (980-820 Ma; Fig. 1a;
Li et al., 2009a; Zhao, 2015; Shu et al., 2019, 2021). After the amal-
gamation of the Yangtze and Cathaysia Blocks, a Late Neoproterozoic
failed rift with a > 13 km thick abyssal marine deposition was developed
(Wang and Li, 2003). The rift successions in the Cathaysia Block mainly
occur at the Wuyi-Baiyun-Yunkai Domains, geographically extending
from Hunan, through Jiangxi and western Guangdong, to eastern
Guangxi provinces (Wang et al., 2011, and references therein; Fig. 1b).
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The Lower Paleozoic sedimentary rocks in the SCB are characterized
by a siliciclastic succession in the Cathaysia Block and an interstratified
carbonate-siliciclastic succession in the eastern Yangtze Block (Wang
et al., 2011). A regionally extensive angular unconformity between the
Upper Paleozoic terrestrial deposits and the underlying Lower Paleozoic
metasedimentary rocks were identified in the southeastern part of the
SCB (Wang et al., 2011). This angular unconformity, together with
widespread Silurian granitic magmatism define the Early Paleozoic
orogeny in the SCB (Huang et al., 2013b, and references therein). The
Upper Paleozoic and Early Triassic sedimentary rocks in the SCB are
limestone, dolomite, black chert, sandstone, and mudstone (Shu et al.,
2015, and references therein). The end of Early Triassic sedimentation
indicates the Middle-Late Triassic (240-200 Ma) orogeny in the SCB

110°E 1M14°E 116°E 118'E

1M2°E

32°N 32N

30°N | b= P & m . gyl T S Wyl Hangzhou, g e 30°N

. @ = TN . i
% i ¢ =Y L AN I A Se e C R
nn‘gvn 7

~provincek _i-\ e Zhiejl_angz:;_‘
Nanchang JSF =« __ province D3R

28N |- WY W o = Al S — 28'N

26°N |- 26°'N

S Fujian
‘g.* w Province

24°N | b ) e ; o U -: an 24°N

P :
I Jurassic granites [ Cretaceous granites
[ Jurassic mafic rocks

= Major fault =, Uncertain fault

CNF:Changle-Nanao Fault ZDF:Zhenghe-Dabu Fault
HGF:Heyuan-Guangfeng Fault CLF:Chenzhou-Linwu Fault
JSF:Jiangshan-Shaoxing Fault ALF:Anhua-Luocheng Fault

119°E 121°E

22°'N|-# 22°N

Fig
113°E

109°E 115°E 1M7E
Fig. 2. Sketch map showing the location of Jurassic and Cretaceous granitic and Jurassic mafic rocks in the SCB (modified after Liu et al., 2020b, and references
therein). Black and green numbers are representative Late Jurassic (ca. 160 Ma) granites and Middle to Late Jurassic mafic rocks, respectively (modified after Liu
et al., 2020b, and references therein). (1) Shuikoushan (158 Ma); (2) Baoshan (158 Ma); (3) Qianlishan (163-153 Ma); (4) Xitian (154 Ma); (5) Qitianling (163-153
Ma); (6) Huashan-Guposhan (162 Ma); (7) Jiuyishan (or Jinjiling-Xishan, 154 Ma); (8) Tongshanling (164 Ma); (9) Taoshan (154 Ma); (10) Jiangbei (159-157 Ma);
(11) Dabu (157 Ma); (12) Xihuashan (160-158 Ma); (13) Longyuanba (157 Ma); (14) Jiufeng (160-157 Ma); (15) Fogang (165-159 Ma); (16) Nankunshan (158 Ma);
(17) Gangwei (166 Ma); (18) Gudoushan (161 Ma); (19) Wuguishan (160 Ma); (20) Lapu (163 Ma); (21) Xinfengjiang (161 Ma); (22) Baishigang (159 Ma); (23)
Longwo (165 Ma); (24) Lianhuashan (165 Ma); (25) Wushikeng (160 Ma); (26) Chiliao (157 Ma); (27) Hulutian (159 Ma); (28) Mantoushan (164 Ma); (29) Fen-
ghuang (161 Ma); (30) Shigushan (159 Ma); (31) Qinghu (160 Ma); (32) Tangquan (160 Ma); (33) Nankan Island (160 Ma); (34) Daoxian (176-174 Ma); (35)
Ningyuan (154-150 Ma); (36) Huilongxu (172 Ma); (37) Zhicun (146 Ma); (38) Changchengling (178 Ma); (39) Antang (168 Ma); (40) Dongkeng (178 Ma); (41)
Chebu (176-173 Ma); (42) Chenglong (182 Ma); (43) Baimianshan (173 Ma); (44) Tong’an (163 Ma); (45) Niumiao (161 Ma); (46) Yangmei (162 Ma); (47) Nandu
(160 Ma); (48) Mashan (160 Ma); (49) Magigang (160 Ma); (50) Ma-Shan (164 Ma). The solid blue line is the Yangtze River or coastline. The dotted black lines are
provincial borders. Ages and geochemical characteristics of representative Mesozoic magmatic rocks in the Guangdong province of southern Nanling Range are
compiled in Supplementary Tables 5-6. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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(Wang et al., 2007a). Middle-Late Triassic orogeny caused large-scale chiefly in western Guangdong province (Yunkai domain) (Huang et al.,
folding and thrusting of pre-Triassic strata and formation of per- 2013b; Wang et al., 2007b, 2011). In addition, minor Early Paleozoic
aluminous granites (Wang et al., 2007a). The tectonic setting of the SCB granites are distributed in eastern (Ding et al., 2005), northern (Xu et al.,

gradually changed from compression to extensional during Late Meso- 2005; Xie et al., 2020), and central (Yang et al., 2010; Liu et al., 2020a)
zoic (Zhou et al., 2006). In the Jurassic and Cretaceous, the SCB was Guangdong province. These granites are dominated by S-type granites
characterized by magma flare-ups, and 80% of the SCB igneous rocks with gneissic or massive texture that contain muscovite, garnet, or
(which have a total exposed area of > 200,000 km?) were formed during tourmaline (Wang et al., 2011; Liu et al., 2020a). Several granites are
this period (Li et al., 2007; Zhou et al., 2006). amphibole-bearing I-type granites that contain mafic microgranular

Guangdong province is located in the southern Nanling Range in the enclaves (Huang et al., 2013b; Xie et al., 2020). Early Paleozoic granites

Cathaysia Block (Fig. 1b and 2). Early Paleozoic granites are distributed in Guangdong province were emplaced mainly between 467 and 413
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Ma, with an age peak of ca. 440 Ma (Supplementary Fig. 1). In addition
to granites, Early Paleozoic gabbros (Wang et al., 2013c), volcanic rocks
(basalts, andesites, and dacites; Yao et al., 2012), and charnockites
(Wang et al., 2013a) crop out in northern and western Guangdong
province (Liu et al., 2020a; Fig. 1b).

Early Mesozoic granites are distributed predominantly in western
Guangdong province (Yunkai domain) (Peng et al., 2006; Zhou et al.,
2006; Wang et al., 2013b; Qing et al., 2020) with a few in the northern
part of the province (Chen et al., 2012; Gao et al., 2014). These granites
are dominated by peraluminous granites that are composed of musco-
vite, garnet, and tourmaline (Chen et al., 2012; Wang et al., 2013b; Gao
et al., 2017), along with minor A-type granites (Qing et al., 2020), and
were formed between 245 and 204 Ma (Peng et al., 2006; Chen et al.,
2012; Wang et al., 2013b; Qing et al., 2020). Late Mesozoic granites are
distributed widely in Guangdong province (Fig. 2). Most of the granites
are I-type or highly fractionated I- and A-type and associated with
tungsten—tin polymetallic deposits in eastern Guangdong province
(Zhang et al., 2015b; Liu et al., 2017a, b; Qiu et al., 2017a, b; Yan et al.,
2017; Jia et al., 2018, 2020; Zhou et al., 2018; Supplementary Table 5).
In addition, several I-, S-, or A-type granites are found in central,
northern, and southern Guangdong province (Li et al., 2007; Zhu et al.,
2010; Huang et al., 2013a; Zhang et al., 2015b; Zheng et al., 2017; Jiang
et al.,, 2018; Liu et al., 2020b, 2021; Supplementary Table 5). Late
Mesozoic granites in Guangdong province were emplaced mainly be-
tween 193 and 81 Ma, with an age-peak of ca. 160 Ma (Supplementary
Fig. 1). In addition to granites, mafic rocks crop out in the northern and
coastal areas of Guangdong province (Cao et al., 2009; Zhu et al., 2010;
Yan et al., 2017; Jiang et al., 2020; Supplementary Table 5).

Guangzhou area is located in central Guangdong province as well as
southeast part of WYO (Fig. 1b and 2). Previous studies have identified
Late Ordovician-Early Silurian (446-438 Ma) biotite, muscovite, and
two-mica granites in the Baiyunshan-Maofengshan forest park of
Guangzhou area (Liu et al., 2020a). Furthermore, Late Jurassic two-mica
granites (160-156 Ma), syenite porphyries (162 Ma), and diorites (155
Ma) are exposed in the Huolushan, Longyandong, Maofengshan, and
Liupianshan forest parks of Guangzhou area (Guo et al., 2019; Liu et al.,
2020b, 2021). In addition to igneous rocks, outcrops of Early Paleozoic
and Early Mesozoic sedimentary rocks, Proterozoic metamorphic rocks,
and quaternary sediments are found in the Guangzhou area (Fig. 3). This
paper reports newly discovered Early Silurian biotite granodiorites and
Late Jurassic biotite granites from the Guangzhou area of SE WYO
(Fig. 3). The petrographic characteristics of these granites are described
below.

Early Silurian biotite granodiorites are dark gray and medium
grained (0.5-1.5 mm), and are composed of plagioclase (35-40 vol%),
quartz (20-25 vol%), K-feldspar (10-15 vol%), and biotite (10-15 vol
%), with minor zircon, apatite, monazite, and Fe-Ti oxides (Fig. 4a, e).
They commonly show gneissic banding, with discontinuous biotite
foliation (Fig. 4a, e). Late Jurassic biotite granites are gray or pink and
show a medium- to coarse-grained inequigranular texture. They are
composed of quartz (25-30 vol%), plagioclase (25-30 vol%), K-feldspar
(20-25 vol%), and biotite (5-10 vol%), with minor zircon, apatite, and
Fe-Ti oxides (Fig. 4b-d, f-h).

3. Results

Analytical methods, including mineral composition analyses, zircon
U-Pb age dating, whole-rock major- and trace-element analyses, Sr-Nd
isotope analyses, and zircon O and Lu-Hf isotope analyses, are described
in Supplementary text 1.

3.1. Zircon U-Pb ages
Laser ablation-inductively coupled plasma-mass spectrometry

(LA-ICP-MS) zircon U-Pb dating results for the biotite granodiorite and
biotite granites are compiled in Supplementary Table 1 and presented in
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Fig. 5. Most zircon grains from the biotite granodiorite and biotite
granites have sizes of 100-250 pm with aspect ratios of 2:1 to 3:1. Zircon
grains from the biotite granodiorite and biotite granites display oscil-
latory zoning in cathodoluminescence (CL) images (Fig. 5a-e). The
clearly zoned or homogeneous textures and high Th/U ratios
(0.05-1.61) of zircon grains from the biotite granodiorite and biotite
granites indicate a magmatic origin (Hoskin and Black, 2000).
LA-ICP-MS zircon U-Pb dating of biotite granodiorite sample
17GZ08-1 yielded 2°°Pb/?%8U ages of 456-434 Ma with a weighted-
mean age of 441.7 + 1.6 Ma (26; MSWD = 0.77; n = 17) (Fig. 5a;
Supplementary Table 1). In addition, LA-ICP-MS zircon U-Pb dating of
biotite granite samples 17GZ02-1, 17GZ07-1, 17GZ08-2, and 17GZ10-1
yielded 2°°Pb/238U ages of 165-151 Ma, 168-160 Ma, 164-152 Ma, and
169-159 Ma, respectively, with weighted-mean ages of 159.1 + 0.6 Ma
(20; MSWD = 1.6; n = 19), 163.6 + 0.5 Ma (20; MSWD = 0.6; n = 23),
158.9 + 1.3 Ma (20; MSWD = 0.07; n = 22), and 162.5 + 0.6 Ma (2c;
MSWD = 0.53; n = 22), respectively (Fig. 5b-e; Supplementary Table 1).

3.2. Mineral compositions

Mineral composition data for the biotite granodiorites and biotite
granites are given in Supplementary Table 2. Plagioclases in the Early
Silurian biotite granodiorites are andesine and oligoclase
(Ang4_37Abg1_750r0_3) (Fig. 6a). In the Late Jurassic biotite granites,
plagioclases are also andesine and oligoclase (Anj3_46Absz_g6Or1_3), and
K-feldspars are all sanidine (Ang_1Ab4 320167 96) (Fig. 6a). Biotites in
the Early Silurian biotite granodiorites and Late Jurassic biotite granites
are classified as lepidomelane, with FeO contents of 22.3-24.5 wt% and
21.0-24.9 wt%, MgO contents of 5.6-7.1 wt% and 6.6-9.0 wt%, and
TiO contents of 2.6-3.3 wt% and 1.8-4.2 wt%, respectively (Fig. 6b).

3.3. Whole-rock major and trace elements

3.3.1. Early Silurian biotite granodiorites

Whole-rock major- and trace-element data for the studied biotite
granodiorites are given in Supplementary Table 3. Early Silurian biotite
granodiorite samples have SiOj, K20, and NayO contents of 67.8-69.4
wt%, 1.7-2.8 wt%, and 3.1-3.4 wt%, respectively. The samples plot in
the medium-K or subalkalic fields in discrimination diagrams (Fig. 7a-b,
d). They have consistent A/CNK (molar Al;03/[CaO + NayO + K201)
values of 1.13 and plot in the strongly peraluminous field with Mg”
(molar MgO/[molar MgO + molar FeO™] x 100; assuming FeOT = 0.90
x Fe,03) values of 33.4-36.0 (Fig. 7¢; Supplementary Table 3).

Early Silurian biotite granodiorites show enrichment in light rare-
earth elements (LREEs), moderately fractionated REE patterns ((La/
Sm)cy = 4.3-4.4, where “CN” denotes chondrite-normalized), and
moderate negative Eu anomalies (Eu/Eu* = Eucn/(Smen X GdCN)l/ 2y of
0.42-0.55 in a chondrite-normalized element-variation diagram
(Fig. 8a). In a primitive-mantle (PM)-normalized element-variation di-
agram, the Early Silurian biotite granodiorites display enrichment in Rb,
Th, U, and Pb and show negative Ba, Sr, Nb, and Ti anomalies (Fig. 8b).
REE and trace-element compositions of these two Early Silurian biotite
granodiorites overlap with those of Late Ordovician-Early Silurian
(biotite, two-mica, and muscovite) granites from the Baiyunshan and
Maofengshan forest parks of Guangzhou area, SE WYO (Liu et al., 2020a;
Fig. 8a-b).

3.3.2. Late Jurassic biotite granites

Late Jurassic biotite granites have SiO, contents of 68.2-72.6 wt%,
K50 contents of 3.8-6.6 wt%, and Na,O contents of 2.5-3.1 wt%, with
KoO > NayO, and plot in the shoshonitic or subalkalic fields in
discrimination diagrams (Fig. 7a-b, d; Supplementary Table 3). Their A/
CNK values range from 1.01 to 1.06 and plot in the weakly peraluminous
field with Mg# values of 30.7-36.3 (Fig. 7c; Supplementary Table 3).

Late Jurassic biotite granites are moderately to significantly enriched
in LREEs [(La/Sm)cy = 3.7-8.3; Fig. 8c]. These granites show slight to
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granodiorite
22 S

Fig. 4. Field photographs and photomicrographs of Early Silurian granodiorites and Late Jurassic biotite granites in the Guangzhou area of SE WYO. (a, e) Early
Silurian biotite granodiorites; (b—d, f~h) Late Jurassic biotite granites. (e-h) were taken under cross-polarized light. Mineral abbreviations: Bt: biotite, Kfs: K-feldspar,
Pl: plagioclase, Qz: quartz (after Whitney and Evans, 2010).
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Fig. 5. LA-ICP-MS zircon U-Pb concordia diagrams and CL images of Early Silurian biotite granodiorite (a, 17GZ08-1) and Late Jurassic (b, 17GZ02-1; ¢, 17GZ07-1;
d, 17GZ08-2; and e, 17GZ10-1) biotite granites in the Guangzhou area of SE WYO. Red circles on the CL images of zircon grains are LA-ICP-MS analysis locations.
Yellow numbers are ages. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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versus MgO diagram for biotite (after Xia et al., 2014).

pronounced negative Eu anomalies (Eu/Eu* = 0.24-0.74) except for one
sample (17GZ11-1) that exhibits slight positive Eu anomalies (Eu/Eu* =
1.2; Fig. 8c). In a PM-normalized element-variation diagram, Late
Jurassic biotite granites display enrichment in Rb, Th, U, and Pb and
show negative Ba, Sr, Nb, Ta, and Ti anomalies (Fig. 8d). REE and trace-
element compositions of these Late Jurassic biotite granites are overall
similar to those of Late Jurassic two-mica granites in the Huolushan,
Longyandong, and Maofengshan forest parks of Guangzhou area, SE
WYO (Liu et al., 2020b, 2021; Fig. 8c).

3.4. Sr-Nd-Hf-O isotopic compositions

3.4.1. Early Silurian biotite granodiorites

Whole-rock Sr-Nd and zircon Hf-O isotope data for Early Silurian
biotite granodiorites and Late Jurassic biotite granites are given in
Supplementary Tables 3-4. Initial Sr-Nd-Hf isotopic ratios were calcu-
lated according to the obtained LA-ICP-MS zircon U-Pb ages for Early
Silurian biotite granodiorite (442 Ma) and Late Jurassic biotite granites
(164-159 Ma), respectively. Early Silurian biotite granodiorites have
enriched Nd isotopic compositions (eng(t) = — 7.8 to — 7.6), with two-
stage Nd model ages ranging from 1.82 to 1.81 Ga (Fig. 9b; Supple-
mentary Table 3). As Early Silurian biotite granodiorites have relatively
high 87Rb/%0Sr ratios (6.8 to 8.5 > 2.0; Supplementary Table 3), we did
not calculate their initial 8”Sr/®Sr ratios. Zircon grains in Early Silurian
biotite granodiorite sample 17GZ08-1 have variable initial }”®Hf/!7’Hf
ratios (0.2822-0.2824) and ey¢(t) values (—10.3 to — 1.7), with two-
stage Hf model ages ranging from 2.1 to 1.5 Ga (Fig. 9c and 10; Sup-
plementary Table 4). Zircon grains in 17GZ08-1 have homogeneous

5180 values between 8.6%o and 9.3%o (Fig. 10; Supplementary Table 4).
Early Silurian biotite granodiorites also have similar Nd-Hf-O isotopic
compositions to those of Late Ordovician-Early Silurian (biotite, two-
mica, and muscovite) granites in the Baiyunshan and Maofengshan
forest parks of Guangzhou area, SE WYO (Figs. 9 and 10; exg(t) = — 12.1
to — 7.6; eyf(t) = — 11.4 to — 0.8; 8'%0 = 8.5%0-10.0%q; Liu et al.,
2020a).

3.4.2. Late Jurassic biotite granites

Late Jurassic biotite granites have variable initial 8Sr/®Sr ratios
(0.7108-0.7210), eng(t) values (—11.7 to — 8.1), initial '7®Hf/"""Hf
ratios (0.2822-0.2825), ey(t) values (—17.2 to — 6.2), and 5'80 values
(7.4%0-10.6%0) (Figs. 9 and 10; Supplementary Tables 3-4). Their two-
stage Nd and Hf model ages range from 1.9 to 1.6 Ga and from 2.3 to 1.6
Ga, respectively (Supplementary Tables 3-4). Late Jurassic biotite
granites have similar Sr-Nd-Hf-O isotopic compositions to those of Late
Jurassic two-mica granites in the Huolushan, Longyandong, and Mao-
fengshan forest parks of Guangzhou area, SE WYO (Figs. 9 and 10;
878r/8%Sr = 0.7094-0.7145; ena(t) = — 10.5 to — 9.3; epe(t) = — 14.2 to
— 4.2; 5'80 = 6.8%0-10.4%q; Liu et al., 2020b, 2021).

4. Discussion
4.1. Petrogenesis
4.1.1. Early Silurian biotite granodiorite

Whole-rock Mg”* values (33.4-36.0) and Nd isotopic compositions
(enda(t) = — 7.8 to — 7.6) and zircon Hf-O isotopic compositions (eys(t)
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Fig. 7. Major-element classification diagrams for Early Silurian biotite granodiorites and Late Jurassic biotite granites in the Guangzhou area of SE WYO: (a) Total-
alkali-silica (TAS) diagram; (b) K»O versus SiO, diagram; (c) A/NK versus A/CNK diagram; A/NK = molar Al,03/(NayO + K50), A/CNK = molar Al,03/(CaO +
Na,0 + K30); (d) (Na0 + K,0 — Ca0) versus SiO, diagram. Data for Late Ordovician-Early Silurian granites from the Guangzhou area of SE WYO are from Liu et al.
(2020a); data for Late Jurassic two-mica granites, syenite porphyries, and diorites from the same area are from Liu et al. (2020b, 2021); data for Early Paleozoic I-
type granites and mafic microgranular enclaves (MMEs) within them and S-type granites and Mesozoic I-, S-, and A-type granites from Guangdong province of

southern Nanling Range are from references compiled in Supplementary Table 5.

= —10.3to — 1.7, 5'80 = 8.6%0-9.3%0) suggest that the magma source
material of Early Silurian biotite granodiorites was Paleoproterozoic
crustal rocks of the Cathaysia Block. Whole-rock Mg” values of Early
Silurian biotite granodiorites are similar to those of pure crustal (met-
aigneous and metasedimentary rocks) partial melts that have been
determined in experimental studies (Supplementary Fig. 2; Patino
Douce and Johnston, 1991; Patino Douce and Beard, 1995). In addition,
biotites of Early Silurian biotite granodiorites are Fe-rich biotites that
crystallized from pure-crust-derived magmas (Xia et al., 2014; Fig. 6b
and c). Moreover, in an eynq(t) versus age diagram, Early Silurian biotite
granodiorites fall within the field of the Longquan-Mayuan groups in
basement of the Cathaysia Block with two-stage Nd model age of 1.8 Ga
(Fig. 9b; Supplementary Table 3). Furthermore, zircon Hf-O isotopic
compositions of Early Silurian biotite granodiorites are different from
mantle-derived Qinghu syenites (Fig. 10). Therefore, it is inferred that
Early Silurian biotite granodiorites were derived from partial melting of
basement Paleoproterozoic crustal rocks of the Cathaysia Block.

The A/CNK values > 1.1 and K;0/Na5O ratios < 1.0 further indicate
that the magma source of Early Silurian biotite granodiorites was am-
phibolites. In general, granitic rocks with A/CNK values > 1.1 could be
formed by partial melting of metasedimentary rocks (Patino Douce,
1999) or by hydrous melting of metaluminous basaltic to andesitic rocks
(Beard and Lofgren, 1991; Patino Douce and Beard, 1995; Sisson et al.,
2005). Metasedimentary rocks-derived granitic melts are characterized
by K30/NapO ratios > 1.0 (Chappell and White, 2001), which are
inconsistent with KyO/NapO ratios < 1.0 of Early Silurian biotite
granodiorites (0.56-0.82; Supplementary Table 3). In addition, Early
Silurian biotite granodiorites also have higher MgO contents (1.0-1.5 wt
%) than metasedimentary rocks-dominated crustal source-derived Late
Jurassic biotites (0.46-0.99 wt%; Supplementary Table 3; discussed
below). Therefore, Early Silurian biotite granodiorites were possibly
derived from meta-igneous source. The metamorphic basement of the
eastern SCB consists of paragneiss, migmatite, schist, and amphibolite
(Zhang et al., 2012, and references therein). Therefore, we suggest that
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in Fig. 7.

magma source meta-igneous rocks of Early Silurian biotite granodiorites
were amphibolites. Similar examples of peraluminous I-type granites
also include Lachlan granites from the southeastern Australia (Chappell
et al., 2012) and Gangdese granites in the southern Tibet (Ma et al.,
2017).

Experimental studies have shown that hydrous melting of amphib-
olites can generate a strongly peraluminous melt, while dehydration
melting of amphibolites yield weakly peraluminous granodioritic melts
(Beard and Lofgren, 1991). In addition, temperature of dehydration
melting of amphibolites is higher than 850 °C (Beard and Lofgren,
1991). Strongly peraluminous compositions (A/CNK = 1.13; Fig. 7¢c)
and zircon and monazite saturation temperatures lower than 850 °C (Tz,
= 757-812 °C and Tiggg = 761-778 °C, respectively; Supplementary
Fig. 3) of Early Silurian biotite granodiorites support that they were
possibly generated by hydrous melting of amphibolites. The external
fluids could have been migrated along one of the many regional shear
zones, such as the Heyuan-Shaowu shear zone in Guangdong Province,
or via the advection of regional metamorphic fluids (Yu et al., 2019, and
references therein).

The magma that formed Early Silurian biotite granodiorites may
have originated from a depth of > 30 km (lower crust), as inferred from
their La/Yb and Sr/Y ratios. La/Yb and Sr/Y ratios of felsic rocks
intrinsically reflect the presence of mineral assemblages in the magma
source region (Tang et al., 2017, and references therein). In an Sr/Y
versus La/Yb diagram, Early Silurian biotite granodiorites plot within
the stability field of plagioclase and garnet (La/Yb = 13.9-26.7, Sr/Y =
3.4-5.8;Supplementary Fig. 4). Given that garnet can be stable to

10

pressures as low as 9.0 kbar (corresponding to a crustal depth of 30 km)
during partial melting of mafic metamorphic rocks (Zhao et al., 2007,
and references therein), the magma origin depth of Early Silurian biotite
granodiorites is > 30 km (assuming a pressure gradient of 0.3 kbar/km).

4.1.2. Late Jurassic biotite granite

4.1.2.1. Hybridized magma source. Low whole-rock Mg* values
(30.7-36.3) and enriched whole-rock Nd and zircon Hf isotopic com-
positions (enq(t) = — 11.7 to — 8.1, Topy = 1.9-1.6 Ga; eydt) = — 17.2
to — 6.2, Topy = 2.3-1.6 Ga) also suggest that the magma source ma-
terial of Late Jurassic biotite granites comprised Paleoproterozoic
crustal rocks of the Cathaysia Block. Similar to those of Early Silurian
biotite granodiorites, whole-rock Mg” values of Late Jurassic biotite
granites plot in the field of pure crustal partial melts as determined in
experimental studies (Supplementary Fig. 2). In addition, Late Jurassic
biotite granites exhibit similar whole-rock Nd isotopic compositions to
those of basement of the Cathaysia Block (Fig. 9b). Moreover, zircon Hf
isotopic compositions of Late Jurassic biotite granites are similar to
those of ancient-crust-derived Early Cretaceous volcanic rocks of the
Cathaysia Block (egf(t) = — 12.8 to — 7.5, Topy = 2.0-1.7 Ga; Liu et al.,
2012).

The similar whole-rock Th contents and Th/La ratios to those of
metasedimentary-derived granites, weakly peraluminous compositions
(A/CNK = 1.01-1.06), and the wide range of zircon O isotopic compo-
sitions (580 = 7.4%0—7.9%o) of Late Jurassic granites suggest they were
derived from a hybridized source dominated by metasedimentary rocks
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Fig. 10. Zircon Hf versus O isotopic compositions of Early Silurian biotite
granodiorites and Late Jurassic biotite granites in the Guangzhou area of SE
WYO (modified from Li et al., 2009b). Data sources: Qinghu syenite, Li et al.
(2009b); Jiuyishan granite, Huang et al. (2011); Darongshan granite, Jiao et al.
(2015); Jiuling granite, Rong et al. (2017); Himalayan leucogranite, Hopkinson
et al. (2017). Other data sources are the same as in Fig. 7. The dotted lines
denote two-component mixing trends between mantle- and supracrustal-
derived magmas. Hf,,/Hf. is the ratio of the Hf concentration in the parental
mantle magma (pm) to crustal melt (c) for each curve, and the small open
circles represent 10% mixing increments assuming that mantle zircon has
enr = +12.0 and 880 = 5.6%o and that supracrustal zircon has ey = — 12.0
and §'%0 = 10.0%..

with subordinate juvenile crustal rocks. Whole-rock Th contents and Th/
La ratios (13.3-79.3 ppm and 0.27-0.95, respectively) of Late Jurassic
biotite granites are similar to those of Late Jurassic two-mica granites
from the Guangzhou area of SE WYO as well as metasedimentary-rock-
derived Himalayan leucogranites (Th = 1.4-61.8 ppm, Th/La = 0.2-1.9;
Guo and Wilson, 2012; Liu et al., 2020b, 2021).

However, experimental studies have suggested that partial melts of
metasedimentary rocks (metagraywackes and metapelites) are strongly
peraluminous (A/CNK > 1.1) (Patino Douce and Harris, 1998), which is
inconsistent with Late Jurassic biotite granites, which are weakly per-
aluminous (A/CNK = 1.01-1.06). In addition, several zircons from the
Late Jurassic biotite granites also exhibit 5180 values (7.4%0—7.9%o;
Supplementary Table 4) that are lower than those of the above-
mentioned metasedimentary-rock-derived granites (6180 > 8.0%o;
Fig. 10). The negative relationship between zircon eyg(t) and 520
(Fig. 10) indicates that metaluminous juvenile crustal rocks or mantle-
derived mafic magmas with depleted Hf isotopic compositions and
low 580 values were involved in the source material of Late Jurassic
biotite granites. A simple mass balance calculation is shown on a 5'80 vs
eye(t) diagram (Fig. 10) using the SCB Triassic Darongshan granites (Jiao
etal., 2015) as the crustal sediments component and the Qinghu syenites
to represent the mantle end-member. The Darongshan granites are
typical cordierite-bearing granites with high mean 6180Zmn of 11.0%o
and low mean eyg(t),ircon Of —10.0 and were considered to have been
generated by melting of the metasedimentary rocks (Jiao et al., 2015).
The Qinghu syenites with mantle-like SIBOzimon of 5.4 £ 0.3%o and high
engf(t)zircon Of + 11.6 were derived from lithospheric mantle without
appreciable crustal contamination (Li et al., 2009b). The modelling re-
sults indicate that Late Jurassic biotite granites might contain 20%-50%
of PM-derived material (Fig. 10). However, this is inconsistent with the
whole-rock radiogenic initial 8Sr/36Sr ratios (0.7108-0.7210 > 0.7098)
and unradiogenic Nd isotope compositions (enq(t) = — 11.7 to — 8.1) of
Late Jurassic biotite granites. Furthermore, biotites from Late Jurassic
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biotite granites are Fe-rich biotites that crystallized from pure-crust-
derived magmas (Xia et al., 2014; Fig. 6b and c). Therefore, we sug-
gest that other juvenile crustal rocks were involved in the
metasedimentary-rock source of Late Jurassic biotite granites. In sum-
mary, the source materials of Late Jurassic biotite granites were domi-
nated by metasedimentary rocks with minor juvenile crustal rocks.
Other examples that have similar magma source with Late Jurassic
biotite granites include the Jiufeng granites in the SCB (Huang et al.,
2015) and the Lachlan granites in southeastern Australia (Kemp et al.,
2008).

Late Jurassic biotite granites were probably derived by partial
melting of metasedimentary rocks, driven by the fluid-absent mica
breakdown reaction in the middle-lower crust (>16.5 km). K5O contents
(3.8-6.6 wt%) of Late Jurassic biotite granites are higher than their
Nay0 (2.4-3.1 wt%) contents (Supplementary Table 3). In addition, Late
Jurassic biotite granites have higher zircon and monazite saturation
temperatures (Tz, = 769-819 °C and Tiggg = 740-846 °C, respectively;
Supplementary Fig. 3) relative to the temperature of water-fluxed
melting (~700 °C; Sawyer et al., 2011). In a Sr/Y versus La/Yb dia-
gram, most of the Late Jurassic biotite granites plot within the stability
field of plagioclase and garnet (La/Yb = 11.7-163, Sr/Y = 3.6-26.3;
Supplementary Fig. 4). Given that garnet can be stable to pressures as
low as 5 kbar (corresponding to a crustal depth of 16.5 km) during
partial melting of metasedimentary rocks (Patino Douce and Harris,
1998), the magma origin depth of Late Jurassic biotite granites is > 16.5
km (assuming a pressure gradient of 0.3 kbar/km). Three Late Jurassic
biotite granite samples (17GZ10-1, 17GZ10-2, and 17GZ11-1) that were
collected from the same plutonic rock near Yonghe town of Guangzhou
area (Fig. 3) show higher La/Yb (47.2-163) and Sr/Y (12.3-26.3) ratios
compared with the other Late Jurassic biotite granites (La/Yb =
11.7-46.0 and Sr/Y = 3.6-7.4) (Supplementary Fig. 4). In addition,
these three samples exhibit moderate negative to slight positive Eu
anomalies (Eu/Eu* = 0.5-1.2), which differ from those of other Late
Jurassic biotite granites that have moderate to pronounced negative Eu
anomalies (Eu/Eu* = 0.2-0.6; Fig. 8c). We suggest that these charac-
teristics may have resulted from a higher amount of garnet but lower
amount of plagioclase in the residual source of these three samples
relative to the other Late Jurassic biotite granite samples.

4.1.2.2. Fractional crystallization. Late Jurassic biotite granites may
have undergone fractional crystallization of biotites and plagioclases
based on the following lines of evidence. In a Harker diagram, the
gradual decreases in TiOs, Fe,0% and MgO contents with increasing SiO»
contents reflect separation of biotites (Supplementary Fig. 5). In addi-
tion, the gradual decreases in Al;03 and CaO contents with increasing
SiOg contents (Supplementary Fig. 5) indicate separation of plagio-
clases, which are enriched in these elements.

4.2. Implications for crustal reworking and geodynamic processes in the
SCB

4.2.1. Early Paleozoic

Regional geological and geochemical evidence, as presented below,
suggest that the Early Silurian biotite granodiorites were likely formed
in an intracontinental orogenic belt. In general, mafic magmas that were
derived from mantle wedges newly metasomatized by slab-derived fluid
or melt are marked by positive eyq(t) values. However, early Paleozoic
mafic intrusive and volcanic rocks in the SCB have enriched eynq(t) values
(-8.9 to —0.6; Yao et al., 2012; Wang et al., 2013c; Zhong et al., 2014,
2016; Zhang et al., 2015a). They were originated from lithospheric
mantle that was metasomatized by slab- and sediment-derived melts
plus fluid fluxing from the Earliest Neoproterozoic oceanic subduction
rather than Paleozoic subduction (Wang et al., 2013c). In addition,
magmatic rocks that were formed in subduction zone generally show
younging trends with roll-back of the slab (Li and Li, 2007) or forward
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migration of the frontal arc (Yang et al., 2021). However, the Early
Paleozoic granites in the SCB generally do not show younging trends
from east (coastal provinces) to west (Xuefeng) or from south (Yunkai)
to north (Jiangnan) (Fig. 1b). Moreover, the lack of SSZ-type ophiolites,
high-pressure-low-temperature metamorphic rocks, and deep-sea tur-
bidites in the SCB suggest that there was no oceanic subduction zone
there during the Early Paleozoic (Wang et al., 2011; Shu et al., 2015,
2018). Furthermore, the coherent biostratigraphy and paleoecology
(Chen et al., 2010), continuous sedimentary facies, and similar detrital
zircon ages (Wang et al., 2011) through the Cathaysia and Yangtze
Blocks during the Early Paleozoic also suggest that no open ocean basin
existed between these two blocks at that time. Early Paleozoic SCB
intracontinental orogenesis may have been driven by geodynamic pro-
cesses resulting from the amalgamation of the Australian Plate, Indian
Plate, and SCB along the northern margin of east Gondwanaland (Wang
et al., 2011).

Early Paleozoic magmatic rocks in the SCB are dominated by gneissic
and massive granites (Wang et al., 2011; Zhang et al., 2012; Shu et al.,
2018). These gneissic and massive granites were formed by partial
melting of metasedimentary and metaigneous rocks without obvious
addition of juvenile crustal rocks-derived or mantle-derived magmas in
response to double-thickening of crust (Fig. 11a; Wang et al., 2011; Shu
et al., 2015). Late Ordovician to Early Silurian granitoids in the
Guangzhou area of SE WYO display enriched whole-rock Nd and zircon
Hf isotopic compositions and high zircon O isotope values (enq(t) = —
12.1to — 7.6, epe(t) = — 11.4 to — 0.8, 5'%0 = 8.5%0-10.0%o; Liu et al.,
2020a; this study). These granitoids were derived mainly from partial
melting of ancient metasedimentary rocks or amphibolites (Liu et al.,
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2020a; this study). Therefore, the Guangzhou area of SE WYO under-
went middle- to lower-crustal reworking in response to double-
thickening of crust during the Late Ordovician to Early Silurian
(Fig. 11a).

However, in addition to pure crustal rock-derived granitoids, various
other rocks that were formed by crust-mantle interaction are found in
the SCB. These rocks include I-type granites that contain mafic
magmatic enclaves (Yu et al., 2018; Xie et al., 2020), A-type granites
(Feng et al, 2014; Cai et al, 2017; Xin et al, 2020),
basalts—andesites—dacites (Yao et al., 2012), and ultramafic, mafic and
intermediate intrusive rocks (Wang et al., 2013c; Zhong et al., 2014,
2016;  Supplementary Table 5). These I-type granites,
basalts—andesites—dacites, and ultramafic, mafic and intermediate
intrusive rocks are slightly younger (441-415 Ma) than pure crustal
rock-derived granitoids (460-435 Ma; this study; Wang et al., 2013b;
Zhang et al., 2015a; Liu et al., 2020a) and were formed during the
orogenic collapse stage of SCB intracontinental orogeny (Yao et al.,
2012; Huang et al., 2013b; Wang et al., 2013c; Xie et al., 2020; Fig. 11b).
Moreover, Early Devonian (415-400 Ma) A-type granites in central
Jiangxi and Fujian provinces and Wuyishan area were formed by partial
melting of pre-Cambrian granulitic crustal rocks during the post-
orogenic lithospheric extension stage of SCB intracontinental orogeny
(Feng et al., 2014; Cai et al., 2017; Xin et al., 2020). In summary, Early
Paleozoic intracontinental reworking of the SCB can be divided into
three stages, namely, double-thickening of crust, orogenic collapse, and
post-orogenic extension from the Middle-Late Ordovician to Early
Devonian on the basis of regional geological data (Fig. 11a and b).
During the Early Paleozoic, the Guangzhou area of SE WYO underwent
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Fig. 11. A petrogenic model for Early Silurian biotite granodiorites and Late Jurassic biotite granites in the Guangzhou area of SE WYO. (a) During the Early
Paleozoic, intraplate subduction or overthrusting resulted in crust doubly thickened. The Early Silurian biotite granodiorites were generated by fluid-present hydrous
melting of Cathaysia Block basement amphibolites (after Liu et al., 2020a, and references therein). (b) During the Early Silurian-Early Devonian (442-400 Ma), post-
orogenic collapse induced asthenospheric upwelling and basaltic magma underplating. (¢) Subduction of Paleo-Pacific plate caused mantle-derived mafic magmas
underplating in the SCB (after Zhou and Li, 2000; Li and Li, 2007; Jiang et al., 2009, 2015). (d) Heat from mafic magmas caused the partial melting of overlying
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ences therein).
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double-thickening of crust (Late Ordovician to Early Silurian) but
without subsequent orogenic collapse and post-orogenic lithospheric
extension (Fig. 11a).

4.2.2. Late Mesozoic

Late Mesozoic continental reworking of the SCB was related with flat
or oblique subduction of the Paleo-Pacific plate (Zhou and Li, 2000; Li
and Li, 2007; Jiang et al., 2009) or intraplate extension/rifting (Wang
et al., 2003). Post-orogenic lithospheric extension model could explain
transition of magma source of mafic rocks from EMI and EMII (Middle
Jurassic-Early Cretaceous) to OIB (Late Cretaceous) (Wang et al., 2003).
However, Late Mesozoic granitic magmatism is distributed from inland
to coastal region of the SCB (Fig. 2). It is difficult to picture a scenario
that the Indosinian movement could propagate into the coastal area.
Therefore, there is a general consensus that emplacement of the Meso-
zoic granites in Cathaysia Block was related to the subduction of the
Paleo-Pacific oceanic plate. Flat-slab subduction model is not consistent
with newly reported age of Triassic granites. The SCB Triassic granites
do not show a younging trend from coast area towards continental
interior with more and more geochronological data were reported (Sun
et al., 2011, and references therein; Mao et al., 2013a,b, and references
therein). In addition, in flat-slab subduction model, the first A-type
granite appeared at ca. 190 Ma in hinterland of the SCB (Li and Li, 2007;
Li et al., 2007). However, there are newly discovered Late Triassic
(224-215 Ma) A-type granites that are distributed along Zhenghe-Dapu
Fault in coastal region of the SCB (Sun et al., 2011, and references
therein). The oblique subduction and subsequent roll-back of Paleo-
Pacific model was mainly based on the age of Late Mesozoic granitic
rocks becomes younger from the inland (Jurassic) toward the coastal
area (Cretaceous) (Zhou and Li, 2000; Jiang et al., 2009, 2015). How-
ever, recent studies revealed that Jurassic granites also have been
identified in the coastal area of the SCB (Zhang et al., 2015b, and ref-
erences therein). In short, tectonic regime about the direction and sub-
duction angle of Paleo-Pacific plate is enigmatic and controversial.
Regardless of the mechanism, underplating of mantle-derived magmas
caused by subduction of Paleo-Pacific plate would have provided most
of the heat and some of the material required for the widespread Late
Mesozoic granitic magmatism in the SCB (Fig. 11c and d).

Mesozoic I- and A-type granites in Guangdong province overall have
lower zircon 5'%0 values (4.9%0-9.3%0 and 6.8%0-10.6%o, respectively)
and more depleted whole-rock Nd (eng(t) = — 12.3to + 1.5and — 12.1
to — 8.1, respectively) and zircon Hf isotopic (eys(t) = — 14.2to + 13.3
and — 17.2 to — 4.2, respectively) compositions compared with Meso-
zoic S-type granites (Figs. 9 and 10; Supplementary Table 5). These I-
and A-type granites were formed by partial melting of juvenile crustal
rocks (Huang et al., 2013a; Liu et al., 2015; Zhou et al., 2018) or by
mixing of crustal metaigneous-rock-derived felsic magmas with mantle-
derived mafic magmas (Li et al., 2007; Zhang et al., 2015b; Zheng et al.,
2017; Liu et al., 2018; Qing et al., 2020). However, Late Jurassic (ca.
160 Ma) granites in the Guangzhou area are S-type granites that were
derived predominantly from partial melting of middle-lower crustal
metasedimentary rocks (Liu et al., 2020b, 2021; this study). In addition,
Late Jurassic (ca. 160 Ma) syenite porphyries in the Huolushan forest
park of Guangzhou area were formed by magma mixing of
metasedimentary-rock-derived felsic magmas with minor mantle-
derived mafic alkaline magmas (Liu et al., 2020b). Therefore, our
study shows that reworking of metasedimentary rocks of the Guangzhou
area of SE WYO could have been induced by heating from mantle-
derived mafic magmas.

5. Conclusions

(1) LA-ICP-MS zircon U-Pb ages indicate that biotite granodiorites
and biotite granites in the Guangzhou area of SE WYO were
formed during the Early Silurian (442 Ma) and the Late Jurassic
(164-159 Ma), respectively.
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(2) Early Silurian biotite granodiorites were formed by partial
melting of amphibolites, whereas Late Jurassic biotite granites
were formed by partial melting of a hybridized crustal source
containing metasedimentary rocks with subordinate juvenile
crustal rocks.

(3) The Guangzhou area of SE WYO underwent predominantly
middle- to lower-crustal reworking in response to double-
thickening of crust during the Late Ordovician to Early Silurian.
In addition, during the Late Jurassic, the area underwent
reworking mainly of middle- to lower-crustal metasedimentary
rocks, which was induced by heating from mantle-derived mafic
magmas.
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