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The Archean Kongling Terrane preserves voluminous Paleoarchean-Paleoproterozoic granitoids, recor-
ding the early formation and evolution history of the Yangtze Craton, South China. We present
petrography, geochemistry, zircon U-Pb geochronology and Lu-Hf isotopes of twelve gneissic granitoids
from this terrane, including trondhjemites, biotite-granites, and two-mica granites. Magmatic zircons
in these granitoids yield emplacement ages of 3.31-3.29 Ga for trondhjemites, 2.81-2.78 and 2.66 Ga
for biotite-granites, as well as 2.70-2.64, 2.42, and 2.00 Ga for two-mica granites. The 2.8-2.6 Ga gran-
Archean ites contain minor 3.4-2.9 Ga inherited zircons and 2.0 Ga metamorphic zircons that formed mainly
Continental crust by recrystallization. Major and trace element compositions of the trondhjemites suggest a garnet
TG amphibolite-facies low-K mafic source, similar to the typical Archean medium-pressure trondhjemite-
tonalite-granodiorites (TTGs), whereas those of the biotite- and two-mica granites indicate tonalitic
and tonalitic-sedimentary sources, respectively. The Lu-Hf data (chondritic ey¢(t) values —0.8 to 0 and
Eoarchean two-stage Hf model ages 3.75-3.70 Ga) for the trondhjemites support partial melting of a
long-lived ancient depleted-mantle-derived or a juvenile lower-mantle-derived mafic crust. The Lu-Hf
data and inherited zircon ages also suggest that the 2.8 Ga granites were derived from the local 3.4-2.9 Ga
TTGs. Together with previously addressed 3.2 and 3.0-2.9 Ga TTG magmatism, a remarkable change is
observed at 2.8 Ga in the petrology, geochemistry, and petrogenesis of the episodic 3.3-2.0 Ga granit-
oid magmatism from TTG- to granite-dominated in the Kongling Terrane, which may reflect a transition
from subduction- to collision-related tectonics. In addition, we note that the 2.70-2.64 Ga biotite- and
two-mica granites (this study) as well as 2.67-2.62 Ga A-type granites (published data) were emplaced
shortly after a 2.75-2.72 Ga high-grade metamorphic event (published data) in the Kongling Terrane.
These granites could be generated as a result of orogenic root collapse and subsequent mantle upwelling,
implying a 2.7 Ga orogenic event in the Yangtze Craton.
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1. Introduction several unique features. Firstly, the Archean crusts are featured

by high-grade metamorphic terranes dominated by pervasively

Archean Era is one of the most important periods for the
formation of the continental crust (Armstrong and Harmon,
1981; Taylor and McLennan, 1985; Collerson and Kamber, 1999;
Belousova et al., 2010; Hawkesworth et al., 2010, 2013; Wang
et al., 2011; Dhuime et al., 2012; Condie, 2014). Different from
the post-Archean continental crusts, the Archean crusts have
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deformed tonalite-trondhjemite-granodiorites (TTGs), whereas the
post-Archean crusts are usually dominated by granites (Taylor
and McLennan, 1985; Martin, 1993, 1994; Nutman et al., 1996;
Moyen, 2011; Kroneretal.,2014; Laurent et al.,2014). Secondly, the
early Archean crusts apparently lack ‘hallmarks’ of modern-style
plate tectonics (e.g., ophiolites, eclogites, and ultra-high pres-
sure metamorphism), implying different geodynamics from the
post-Archean (Bradley, 2008, 2011; Shirey and Richardson, 2011).
Thirdly, the Archean crusts have much higher geothermal gradi-
ents, resulting in special rock types (e.g., komatiites) and distinct
geodynamics from the post-Archean ones (e.g., stagnant-lid vs.
plate tectonics) (Martin, 1993; Wilson et al., 2003; Ernst, 2009;
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Johnson et al., 2014; Rey et al., 2014). Moreover, the formation and
evolution of the Archean crust played a key role in the advent of a
habitable climate and life (e.g., Schopf, 1993; Mojzsis et al., 1996;
Furnes et al., 2004; Campbell and Allen, 2008; McLoughlin et al.,
2012; Staudigel et al., 2015). Such unique nature of the Archean
continental crust makes it special in Earth’s history.

The high-grade metamorphic terranes that feature the Archean
crusts are mainly composed of granitoids, which can be classified
into four groups (cf., Moyen et al., 2003; Laurent et al., 2014): (1)
volumetrically-dominant and juvenile TTGs, whose geochemistry
is consistent with an origin through partial melting of meta-igneous
mafic rocks at various pressures; (2) Mg-, Fe- and K-rich, metalumi-
nous (monzo)diorites and granodiorites, referred to as sanukitoids
s.l., which were derived primarily from hybridization between
mantle peridotite and a component rich in incompatible elements;
(3) peraluminous and K-rich biotite- and two-mica granites, formed
through melting of older crustal lithologies (TTGs and metasedi-
ments, respectively); and (4) hybrid high-K granites with mixed
characteristics from the former three groups. Previous studies have
shown that the general pattern of emplacement age, lithology, and
petrogenesis of these granitoid rocks is of great significance, for
instance, in constraining the growth and differentiation of conti-
nental crust (Jahn et al., 2000; Kemp et al., 2006, 2007; Condie et al.,
2009), the onset of modern-style plate tectonics in a global scale
(Laurent et al., 2014), and the reconstruction of Archean supercon-
tinent or supercraton (Condie et al., 2009; Condie and Aster, 2010;
Pehrsson et al., 2013). This general pattern can be only addressed
by using a combination of field work, whole-rock petrography and
geochemistry, precise dating and isotope techniques on granitoid
samples from a series of Archean terranes (e.g., Zeh et al., 2009,
2010; Laurent et al., 2013; Kroner et al., 2014).

The Yangtze Craton and the North China Craton are the two most
important Archean cratons in eastern Asia, both of which were
originated before 3.8 Ga (Liu et al., 1992; Song et al., 1996; Wan
et al., 2005, 2012; Zhang et al., 2006c¢; Gao et al., 2011; Guo et al.,
2014b). Compared to the North China Craton, where the Archean
rocks are widely distributed (Zhai and Santosh, 2011; Zhao and
Cawood, 2012; Zhao and Zhai, 2013), the Yangtze Craton has very
limited exposure of the Archean basement that primarily outcrops
in the northern part of the Kongling Terrane (Gao and Zhang, 1990;
Gao et al., 1999; Zhao and Cawood, 2012). Unlike the well studied
Superior, Kaapvaal, and North China Cratons, the early formation
and evolution pattern of the Yangtze Craton has not been well con-
strained.

Here, we report the whole-rock geochemistry, zircon U-Pb
geochronology and Lu-Hf isotopes of twelve gneissic granitoids
from the Kongling Terrane in the Yangtze Craton, South China. U-Pb
data reveal that these granitoids were emplaced at 3.3, 2.8, 2.7-2.6,
2.4, and 2.0 Ga, respectively. Combined with previously published
data, the granitoid magmatism in the Kongling Terrane exhibits a
crucial change in petrology (from TTG- to granite-dominated), geo-
chemistry (from Na- to K-rich), and petrogenesis (from mafic to
felsic sources) at 2.8 Ga. This transition may play an important role
in the cratonization and differentiation of the Yangtze Craton, and
might be important for understanding the Neoarchean tectonics.
In addition, we propose a 2.7 Ga orogenic event in the Yangtze Cra-
ton, which might be related to the earliest global supercontinental
event.

2. Geological background

The Yangtze Craton is situated in the northwest of South China
(Fig. 1a). It amalgamated with the Cathaysia Block to the south
during the Neoproterozoic (Li et al., 2009), and with the North
China Craton to the north during the Triassic (Liou et al., 2009;

Zhang et al,, 2009; Wu and Zheng, 2013) (Fig. 1a). The Archean
rocks in South China are largely exposed in the Kongling Terrane
(3.4-2.6 Ga) from the northern Yangtze Craton (e.g., Gao and Zhang,
1990; Gao et al., 1999, 2011; Qiu et al., 2000; Jiao et al., 2009; Chen
et al., 2013; Guo et al., 2014b). Although limitedly exposed, the
lateral extension of Archean crust under the sedimentary cover in
the Yangtze Craton is suggested by (1) the occurrences of several
small Archean outcrops in the northern Yangtze Craton, such as
the 2.7 Ga Huangtuling granulites in the eastern Dabie Orogen (Wu
etal., 2008),2.65 Ga A-type granites in the Huji area (Z.]. Wangetal.,
20133, 2013b), 2.7 Ga Yudongzi Group in the South Qinling Orogen
(Zhang et al., 2001), and 2.5 Ga TTGs in the Douling Complex (Hu
etal,,2013; Wuetal,, 2014) (Fig. 1a), (2) the U-Pb ages (2.9-2.5Ga)
and Hf model ages (3.5-2.6 Ga) of xenocryst zircons in lamproite
diatremes from three Proterozoic areas in the central Yangtze Cra-
ton (Zheng et al., 2006), and (3) a recent geophysical study based
on a 400-km-long high-resolution seismic reflection profile across
the central-southeastern Yangtze Craton, which revealed a lateral
extended crystalline basement buried by Neoproterozoic flysch
strata (Dong et al., 2015).

The Kongling Terrane has long been the focus for studies of
the origin and early evolution of the Yangtze Craton (e.g., Gao and
Zhang, 1990; Gao et al., 1999, 2011; Qiu et al., 2000; Zhang et al.,
20064, b, c; Zhengetal.,2006; Jiao et al., 2009; Chenetal.,2013; Guo
etal,, 2014b).Itexhibits adome structure that covers about 360 km?
in area (Fig. 1b). In terms of lithology and rock ages, the Kongling
Terrane can be divided into two segments: (1) the North Kongling
Terrane, which chiefly consists of Archean grey gneisses (e.g., TTGs
and granites) and meta-sedimentary rocks (e.g., Gao and Zhang,
1990; Gao et al., 1999), and (2) the South Kongling Terrane, which
is represented by the Neoproterozoic Huangling Igneous Complex
that intruded into the Archean basement (e.g., Ling et al., 2006;
Zhang et al., 2008; Zhao et al., 2013).

The North Kongling Terrane comprises three major rock asso-
ciations, including (1) intermediate-felsic gneisses (e.g., diorites,
TTGs, and granites), (2) metasedimentary rocks (e.g., metapelites
and marbles), and (3) amphibolites plus locally preserved mafic
granulites (Gao and Zhang, 1990; Gao et al., 1999) (Fig. 1c). The
proportions of orthogneisses, clastic metasedimentary rocks, and
amphibolites are about 0.51, 0.44, and 0.05, respectively (Gao et al.,
1999). Early studies mainly focused on the 3.0-2.9 Ga TTG gneisses
from the western North Kongling Terrane (Gao and Zhang, 1990;
Qiu et al., 2000; Zhang et al., 2006a; Zheng et al., 2006; Gao et al.,
2011). These rocks host minor 3.0 Ga mafic magmatic enclaves and
2.95-2.90 Ga dykes, and multiple metamorphic events (2.87, 2.73,
2.56, and 2.0 Ga) were recognized in these mafic rocks (Wei and
Wang, 2012; Weiand Jing, 2013; Lietal.,2014). In the eastern North
Kongling Terrane (Fig. 1c), Chen et al. (2013) reported 2.67-2.62 Ga
A-type (ferroan) granites with abundant zircons of positive ey¢(t)
values (up to the coeval depleted-mantle value). Rare 3.4-3.2 Ga
granitoid gneisses have been recently reported from the North
Kongling Terrane, including 3.45 Ga granites (Guo et al., 2014b),
3.30-3.26 GaTTGs(Gaoetal.,2011),and 3.22 Gaorthogneisses (Jiao
et al., 2009), which are the oldest rocks identified so far in South
China (Fig. 1c). Zircon Hf isotopic data indicate that these rocks may
be partial melts of ancient crust that derived from the depleted
mantle at 4.0-3.6 Ga (Jiao et al., 2009; Gao et al., 2011; Guo et al,,
2014b).

The Archean basement of the North Kongling Terrane was per-
vasively metamorphosed to amphibolite facies or high-pressure
granulite facies at 2.0 Ga (Zhangetal., 2006a, b; Wu et al., 2009; Gao
etal., 2011; Chen et al., 2013; Yin et al., 2013; Guo et al., 2014b), as
a result of continental collision during the assembly of supercon-
tinent Columbia (Zhao et al., 2002; Zhang et al., 2006b; Wu et al.,
2009; Yin et al., 2013; Li et al., 2014). The widespread 2.0 Ga, syn-
collisional S-type granites and migmatites in the Kongling Terrane
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Fig. 1. (a) Distribution of Archean-Proterozoic rocks in the Yangtze Craton (modified from Zhao and Cawood, 2012). (b) Structure and division of the Kongling Terrane
(modified from Gao et al., 2011). (c¢) Geological map of the North Kongling Terrane. Symbols: diamonds, tonalite-trondhjemite-granodiorites (TTGs); circles, biotite- or
two-mica granites; triangles, A-type granites. The filled and open symbols indicate granitoid rocks from this and previous studies, respectively (Qiu et al., 2000; Zhang et al.,
2006a; Jiao et al., 2009; Xiong et al., 2009; Gao et al.,, 2011; Peng et al., 2012; Chen et al., 2013; Yin et al., 2013; Guo et al., 2014b; Li et al., 2014). The numbers represent
emplacement ages of the granitoid rocks with 2o errors. Abbreviations: NCC, North China Craton; QQD, Qilian-Qinling-Dabie HP-UHP orogenic belt; YC, Yangtze Craton; CB,
Cathaysia Block; DTTG, dioritic, tonalitic, trondhjemitic, and granitic.

were also attributed to this event (Yin et al., 2013; Li et al., 2014). This study investigated twelve gneissic granitoids from the
Later, the eastern part of the North Kongling Terrane was intruded Bianyuchigou area in the central North Kongling Terrane. This area
by 1.85 Ga A-type granites (Fig. 1c) and 1.85-1.78 Ga mafic dykes in is covered by thick vegetation, while the freshest rock samples were
an extensional tectonic setting, which marks the final cratonization collected from this region. These samples are strongly to weakly
of the Yangtze Craton (Peng et al., 2009, 2012; Xiong et al., 2009; Li deformed (Supplementary figure* S1). Their mineral assemblages
etal, 2014). are summarized in Table 1.
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Table 1

Rock types and mineral assemblages of gneissic granitoids from the Kongling Terrane.

Sample Rock type Intrusion age (+20)* Mineral assemblage Accessory minerals GPS coordinates

KH254 Trondhjemite 3313 + 30Ma (n=20) 50% P1+5% Kfs +44% Qz + 1% Bi Zrn, Ttn, Mag 31.1604°N, 111.1590°E
KH256 Trondhjemite 3292 +33Ma(n=17) 45% P1+10% Kfs +35% Qz + 10% Bi Zrn, Ttn, Mag, Ilm, Ap, Chl 31.1594°N, 111.1615°E
KH258 Biotite-granite 2810 + 49Ma (n=14) 15% P1+35% Kfs +47% Qz + 3% Bi Zrn, Ttn, Mag 31.1610°N, 111.1596°E
KH201 Biotite-granite 2801 + 27Ma (n=19) 30% P1+25% Kfs +40% Qz + 5% Bi Zrn, Ttn, Mag, Ilm, Gth 31.1608°N, 111.1586°E
KH244 Biotite-granite 2785 + 43Ma (n=4) 25% P1+40% Kfs +34% Qz+1% Bi Zrn, Ttn 31.1613°N, 111.1578°E
KH229 Biotite-granite 2781 + 26 Ma (n=11) 25% P1+30% Kfs +42% Qz +3% Bi Zrn, Ttn, Chl 31.1583°N, 111.1586°E
KH196 Two-mica granite 2695 + 23 Ma (n=30) 20% P1+35% Kfs +43% Qz + 1% Bi+ 1% Ms Zrn, Mag, Chl 31.1658°N, 111.1497°E
KH233 Biotite-granite 2662 + 20Ma (n=33) 20% P1+40% Kfs +39% Qz + 1% Bi Zrn, Ttn 31.1856°N, 111.2222°E
KH216 Two-mica granite 2638 +£ 26 Ma (n=2) 15% Pl +35% Kfs +50% Qz + trace Bi and Ms Zrn, Ttn, Mag 31.1558°N, 111.1628°E
KH199 Two-mica granite 2636 + 51 Ma (n=18) 15% P1+55% Kfs +26% Qz + 3% Bi+ 1% Ms Zrn, Ttn, Mag, Gth 31.1625°N, 111.1547°E
KH234 Two-mica granite 2418 £ 52Ma(n=5) 20% P1+35% Kfs +41% Qz +3% Bi+ 1% Ms Zrn, Mag 31.1629°N, 111.1532°E
KH231 Two-mica granite 2004 + 19Ma (n=16) 5% P1+45% Kfs +48% Qz+ 1% Bi+ 1% Ms Zrn, Ttn, Ap, Chl 31.1481°N, 111.2106°E

Pl, plagioclase; Kfs, K-feldspar; Qz, quartz; Bi, Biotite; Ms, muscovite; Zrn, zircon; Ttn, titanite; Mag, magnetite; Ilm, ilmenite; Ap, apatite; Chl, chlorite; Gth, goethite.
2 The intrusion ages are upper intercept ages of magmatic zircons in each sample, except for KH216, which is a weighted mean 2°7 Pb/205Pb age.

3. Analytical methods
3.1. Whole-rock major and trace element analyses

The rock samples were crushed in a corundum jaw crusher and
then powdered down to <200 mesh in a tungsten carbide mill at
a rotating speed of 700 rev/min. Major oxides were analyzed by
XRF (Rikagu RIX 2100) using fused glass disks at the State Key
Laboratory of Continental Dynamics, Northwest University, Xi'an,
China. Analyses of USGS basalt and andesite standards (BCR-2,
BHVO-1 and AGV-1) indicate precision and accuracy better than
5% for major elements (Rudnick et al., 2004). Trace elements were
analyzed by Agilent 7500a inductively coupled plasma mass spec-
trometry (ICP-MS) with shielded torch at the State Key Laboratory
of Geological Processes and Mineral Resources, China University of
Geosciences, Wuhan. Sample powders were digested by HF + HNO3
acid in Teflon bombs under high pressures (7-9 MPa). For most
trace elements, our measured concentrations of BCR-2, BHVO-
1, and AGV-1 agree with their reference values from GeoReM
(http://georem.mpch-mainz.gwdg.de/) within 5% difference. Three
samples were analyzed twice in order to test the analytical repro-
ducibility, which is better than 5% for most elements. Two different
batches of rock powders of one coarse-grained sample (KH231)
were analyzed to evaluate the geochemical heterogeneity within
one sample, which is better than 10% for most elements.

3.2. Zircon U-Pb and Lu-Hf isotope analyses

Zircon grains were separated from each sample by conven-
tional magnetic and heavy liquid methods. They were selected and
mounted on a double-sided adhesive tape, and then cast in epoxy
resinina 1-cm-diameter mount. The mount was polished to expose
the center of zircons, and was cleaned by dilute HNO3 and pure
ethanol before analysis, in order to avoid surface Pb contamination.
All analytical works on zircons were carried out at the State Key
Laboratory of Geological Processes and Mineral Resources, China
University of Geosciences, Wuhan.

3.2.1. Cathodoluminescence imaging

Cathodoluminescence (CL)images were used to reveal the inter-
nal structures of zircons, in order to determine their origins (e.g.,
magmatic or metamorphic) and help to select optimum spot loca-
tions for later isotope analyses. The images were acquired on a FEI
Quanta 450 field emission gun (FEG) scanning electron microscope
(SEM) coupled with a Gatan Mono CL4+ CL system. For zircon CL
imaging, the working conditions were set to be 10 kV. The spot size
was 5 pm and working distance was 14 mm.

3.2.2. LA-ICP-MS U-Pb isotope analyses

Zircon U-Pb dating was performed on a 193 nm excimer ArF
laser ablation system (GeoLas 2005, Lambda Physik) coupled with
an Agilent 7500a ICP-MS. The laser beam was set to 32 um at a fre-
quency of 6 Hz. The energy density was ~4]/cm?2. Helium was used
as carrier gas to provide efficient aerosol transport to the ICP and
minimize aerosol deposition around the ablation site and within
the transport tube (Eggins et al., 1998; Jackson et al., 2004). The car-
rier and make-up gas flows were optimized by monitoring the 238U
intensity during ablating NIST610. In order to enhance the sensitiv-
ity of U, Th, and Pb isotopes, 2-4 mL/min of nitrogen was added to
the central gas flow (Hu et al., 2008). A novel “wire” signal smooth-
ing device was applied to improve the signal stability (Hu et al.,
2012). Each analysis incorporated a 20-30s background acquisi-
tion, followed by a 50 s data acquisition of zircon samples. Standard
zircon 91500 (Wiedenbeck et al., 1995) was employed as an exter-
nal standard to calibrate isotope fractionation, which was analyzed
twice for every five analyses. Standard zircons GJ-1 and FC1 were
analyzed as unknowns. An in-house Excel-based software ICPMS-
DataCal (v. 9.2) was used for U-Pb data reduction (Y.S. Liu et al.,
2008). Detailed operating conditions for the LA-ICP-MS, analyti-
cal procedures, and data processing are similar to those described
by Liu et al. (2010) and Guo et al. (2014a). Common Pb correc-
tion was applied following the method of Andersen (2002). The
correction was negligible in most cases. Weighted mean and inter-
cept ages were calculated using ISOPLOT (v. 3.76) (Ludwig, 2012).
Our measurements of GJ-1 yielded a weighted mean 296Pb,238U
age of 601 +5Ma (1SD, n=144), which is statistically identical
to its TIMS 296Pb/238U age of 599.8 + 1.7 Ma (20) (Jackson et al.,
2004) (Supplementary Table S1). Measurements of FC1 yielded a
weighted mean 207Pb/206U and a 297Pb/23°U age of 1104+ 21 and
1100+ 15 Ma (1SD, n=25), respectively, which agree with its TIMS
207pp 206y age of 1099.0 £ 0.6 Ma (20) (Paces and Miller, 1993)
(Supplementary Table S1).

3.2.3. LA-MC-ICP-MS Lu-Hf isotope analyses

Zircon Lu-Hf isotope analysis was conducted on a Geolas
2005 laser ablation system connected to a Neptune Plus multiple-
collector (MC) ICP-MS (Thermo Fisher Scientific). The laser was set
to a spot size of 44 um, a repetition rate of 10Hz, and an energy
density of ~4]/cm?. Helium was used as carrier gas. The combina-
tion of a newly designed X skimmer cone with a jet sample cone
(Huetal.,2012) was applied to the MC-ICP-MS. In order to increase
the sensitivity of Hf and suppress the non-linear mass fractionation,
4-10mL/min of nitrogen was added to the central gas flow in LA-
MC-ICP-MS (Hu et al., 2012). The analyzed isotopes include 71YD,
173Yb, 174(Hf+ Yb), 175LL1, 176(Hf+ Yb+ LU), 177Hf, 179Hf, lSO(Hf+ W),
182\, The mass fractionation of Yb (By},) was directly obtained


http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/
http://georem.mpch-mainz.gwdg.de/

250 J.-L. Guo et al. / Precambrian Research 270 (2015) 246-266

from the zircon sample itself in real-time. The 79Hf/177Hf and
173yb/171yb ratios were used to calculate the mass bias of Hf
(Bus) and Yb (Byp,), which were normalized to 179Hf/177Hf =0.7325
(Patchettand Tatsumoto, 1980)and 173Yb/171Yb =1.1265 (Thirlwall
and Anczkiewicz, 2004), using an exponential correction for mass
bias. Interference of 176Yb on 176Hf was corrected by measuring the
interference-free 173Yb isotope and using 176Yb/173Yb=0.78696
(Thirlwall and Anczkiewicz, 2004) to calculate 176Yb/177Hf. Sim-
ilarly, the relatively minor interference of 76Lu on '76Hf was
corrected by measuring the intensity of the interference-free
1751y isotope and using the recommended 176Lu/17>Lu=0.02656
(Blichert-Toft et al., 1997) to calculate 176Lu/177Hf. The mass bias
of Yb (Byp) was used to calculate the mass fractionation of Lu.
Detailed procedures were described by Liu et al. (2010) and Hu
et al. (2012). Time-drift correction was performed using standard
zircon 91500. The interference and mass fractionation-corrected
176Hf/177Hf ratios of the samples were then calibrated against
91500 using the recommended !76Hf/177Hf ratio of 0.282308 +6
(20) (Blichert-Toft, 2008). The uncertainty of the preferred value
for 91500 was propagated to the ultimate results for the samples.
Data reduction was performed by ICPMSDataCal (v. 9.2) (Y.S. Liu
et al., 2008). Our measured 176Hf/177Hf ratios of standard zircons
R33, FC1, MunZirc (synthetic; Fisher et al.,,2011), and GJ-1 are listed
in Supplementary Table S2, which agree well with their reference
values (Fisher et al., 2014 and references therein).

For calculating the initial 176Hf/177Hf ratios, the decay constant
of 1.867 x 10> Ma~! was used for 176Lu (Séderlund et al., 2004).
The ey¢(t) values were calculated with reference to a chondritic
uniform reservoir (CHUR). The 176Lu/177Hf and 176Hf/177Hf ratios
used for the CHUR are 0.0336 and 0.282785, respectively (Bouvier
et al., 2008). The single-stage model age (Tpyq) was calculated
relative to the depleted mantle with present-day 176Lu/!77Hf and
176Hf/177Hf ratios of 0.03933 and 0.283294, respectively (Blichert-
Toft and Puchtel, 2010). The two-stage Hf model age (Tpumz), also
interpreted as crust formation age, was calculated by projecting the
zircon 76Hf/177Hf(t) back to the depleted-mantle model growth
curve assuming a 176Lu/177Hf ratio of 0.01 for felsic crust and 0.02
for mafic crust.

4. Results

4.1. Petrography

The twelve gneissic granitoids in this study could be divided
into three groups based on their mineral assemblages (Table 1):
trondhjemites, biotite-granites, and two-mica granites. The trond-
hjemites contain the highest proportion of plagioclase (~50%) and
the lowest of K-feldspar (5-10%), whereas the two-mica gran-
ites are the opposite, with only 5-20% plagioclase but 35-55%
K-feldspar. The biotite-granites hold the moderate proportions
of plagioclase (15-30%) and K-feldspar (25-40%). In addition,
trondhjemites and biotite-granites only have biotite as the fer-
romagnesian mineral (Figs. 2a—c), whereas the two-mica granites
contain both biotite (<5%) and muscovite (~1%) (Figs. 2d-f). The
muscovite occurs as subhedral grains (Fig. 2e), inclusions in ortho-
clase (Fig. 2d), or relicts in biotite (Fig. 2f), indicating a primary
origin. Accessory minerals like zircon, titanite, and magnetite are
common (Table 1). Besides, ilmenite, apatite, chlorite, and goethite
occur in a few samples as well (e.g., Fig. 2d).

4.2. Zircon CL images, U-Pb geochronology, and Lu-Hf isotope
patterns

Zircon CLimages are shown in Fig. 3. The U-Pb and Lu-Hf results
are provided in Supplementary Table S3 and summarized in Table 2
and Figs. 4-6. In total, 278 U-Pb analyses were performed on 264

zircon grains, and 94 of them show age concordance between 98%
and 102%. Furthermore, 170 Lu-Hf analyses were carried out on
164 grains. Initial 176Hf/177Hf ratios, referred to as '76Hf/177Hf(t),
were calculated using the Lu-Hf isotopic data and the 207 Pb/206pb
ages obtained from the same zircon domain. These ratios are almost
identical to the initial '76Hf/177Hf calculated for the true zircon
crystallization age (Supplementary Table S3), due to the low Lu/Hf
in zircon (Gerdes and Zeh, 2009).

We use the combined CLimages and the U-Pb and Lu-Hf data to
discriminate different zircon growth and/or alteration events (Zeh
et al,, 2007, 2009; Gerdes and Zeh, 2009). As shown in CL images
(Fig. 3), many grains show typical oscillatory or linear magmatic
zoning patterns. However, some grains reveal complex core-rim
structures (e.g., Figs. 3-1, -4, -5, and -23). The rims show features
typical of alteration/reaction fronts (e.g., Geisler et al., 2007), fol-
lowing or transecting former zircon zoning patterns. A few grains
contain inherited zircon cores with apparently older ages than
other zircon domains (Figs. 3-12 and -18). For most samples, the
combined U-Pb and Lu-Hf datasets reveal simple patterns when
plotted in 17SHf/177Hf(t) vs. 207Pb/296Pb age diagrams (Fig. 5). In
general, two groups can be distinguished.

(1) Group I. Samples in this group reveal only one zircon gener-
ation for each sample (Table 2), include trondhjemites KH254
(Figs.4aand 5a)and KH256 (Figs.4b and 5b) as well as two-mica
granites KH196 (Figs. 4g and 5g) and KH231 (Figs. 41 and 51).
These zircons show typical magmatic oscillatory zoning (Fig. 3)
and high Th/U ratios (mostly among 0.2-1.0; down to 0.05
for a few altered grains) (Supplementary Table S3), indica-
tive of a magmatic origin. All analyzed zircon domains in
each sample show large variations in 207Pb/206Pb ages (pos-
itively correlated to age concordance) but yield within error
identical 176Hf/177Hf(t), resulting in a horizontal array in the
176 Hf/177Hf(t) vs. 297 Pb/206Pb age diagram (Figs. 5a, b, g, and 1).
This indicates that all zircons within each sample formed at the
same time (most probably during magma crystallization), but
suffered variable Pb loss due to later alteration. This alteration
caused resetting of the U-Pb system but left the Hf isotope sys-
tem intact (e.g., Amelin et al., 2000; Gerdes and Zeh, 2009; Guo
et al., 2014b). The concordant and discordant zircons together
yield well-defined upper intercept ages in the concordia dia-
grams, which we interpret as the time of magma intrusion
(Fig. 4; Table 2).

(2) Group II. This group comprises all the rest samples, includ-
ing KH258 (Figs. 4c and 5c), KH201 (Figs. 4d and 5d),
KH244 (Figs. 4e and 5e), KH229 (Figs. 4f and 5f), KH233
(Figs.4h and 5h), KH216 (Figs. 4i and 5i), KH199 (Figs. 4j and 5j),
and KH234 (Figs. 41 and 51). Most of them reveal two zircon
populations (Table 2). One population shows features similar
to those in Group I, for instance, (1) typical magmatic oscilla-
tory or linear zoning patterns (Fig. 3), (2) Th/U ratios >0.2 (with
a few exceptions) (Supplementary Table S3), (3) within error
identical 176Hf/177Hf(t) against scattered 207 Pb/206Pb ages (e.g.,
Figs. 5¢, d, and k). As discussed above, such features suggest
these zircons in each sample were crystallized from the same
magma at the same time, but experienced one or multiple Pb
loss via alteration. We interpret the upper intercept ages of the
magmatic zircons as the emplacement ages of magmas (Fig. 4;
Table 2).

The major difference between Group I and Il is that the samples in
Group II contain a younger zircon population (possibly formed at
ca. 2.0 Ga). These zircons show low luminance and lack of internal
zoning in the CL images (e.g., Figs. 3-7 and -23). Their Th/U ratios
are generally low (down to 0.01) (Supplementary Table S3), sug-
gestive of a metamorphic origin. They are commonly discordant,
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Fig. 2. Optical micrographs under cross-polarized lights for gneissic granitoids from the Kongling Terrane. (a) 3.29 Ga trondhjemite KH256. (b) 2.79 Ga biotite granite KH244.
(c) 2.81 Ga biotite granite KH258. (d) 2.64 Ga two-mica granite KH216, where one muscovite inclusion is present in orthoclase. The dashed line indicates the grain boundary
of orthoclase. (e) 2.42 Ga two-mica granite KH234. (f) 2.00 Ga two-mica granite KH231, in which muscovite is overgrown by biotite. Mineral abbreviations (Whitney and
Evans, 2010): Qz, quartz; Pl, plagioclase; Or, orthoclase; Bt, biotite; Ms, muscovite; Chl, chlorite; Zrn, zircon.

defining another discordia line in the U-Pb concordia diagrams, in
addition to the discordia line defined by older magmatic zircons
with Archean ages (e.g., Figs. 4c, d, f, 1, j, and k). Thus, it can be seen
in the concordia diagrams that the magmatic zircons together with
the metamorphic zircons actually spread within a “fan” limited
by an upper intercept with Archean ages and two lower inter-
cepts at roughly 2 Ga and <0.5 Ga. This indicates a mixed effect of
ancient and recent Pb loss. Most metamorphic zircons show com-
parable 176Hf/177Hf(t) to the older magmatic zircons, suggesting
their formation by recrystallization, whereas a few grains show
much higher 76Hf/177Hf(t), indicating new metamorphic growth
(e.g., Figs. 5¢, d, f, i, j, and k) (Gerdes and Zeh, 2009; Chen et al.,
2010). Another difference between Group I and II is that sev-
eral Group-II samples (e.g., KH258, KH233, and KH199) contain

minor inherited zircon cores. Such inherited zircons can be dis-
tinguished by CL images (e.g., Figs. 3-15, -18, and -19), apparently
older ages (3.4-2.8 Ga) (Figs. 4c, f, h, and j), and low 176Hf/177Hf{(t)
(Figs. 5¢, h, and j). Their distinct 176Hf/177Hf(t) from younger mag-
matic and metamorphic zircons indicate that they were formed by
different magmatic/metamorphic events.

In summary, the two trondhjemites KH254 and KH256
show identical emplacement ages 3313+30Ma (n=20) and
3292 4+33Ma (n=17), respectively. The five biotite-granites yield
intrusion ages of 2810 +49 Ma (n=14) for KH258, 2803 +27 Ma
(n=19) for KH201, 2785+43 Ma (n=4) for KH244, 2781 + 26 Ma
(n=11) for KH229, and 2662+20Ma (n=33) for KH233. The
five two-mica granites show scattered emplacements ages. Three
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Fig. 3. Cathodoluminescence images of concordant zircons with age concordance between 98% and 102%. The solid and dashed circles represent spots for LA-ICP-MS U-Pb
and LA-MC-ICP-MS Lu-Hf isotope analyses, respectively. Grain numbers are shown in the center of the circles, while their 207 Pb/2%6Pb ages (in Ma) and &y(t) values with 1o
uncertainties are listed next to the circles. The white bars correspond to a length of 30 wm. Abbreviation: disc., discordant.

of them (KH196, KH216, and KH199) yield emplacement ages
of 2695+ 23 Ma (n=30), 2638 +26Ma (n=2), and 2636+51Ma
(n=18), respectively. The rest two samples KH234 and KH231 show
intrusion ages of 2418+52Ma (n=5) and 2004+ 19Ma (n=16),
respectively. The ages and Hf isotopic compositions of the mag-
matic, metamorphic, and inherited zircons in each sample are
summarized in Table 2 and shown in Figs. 4-6.

4.3. Whole-rock major and trace element compositions

The major and trace element compositions of the gneissic
granitoid are listed in Table 3. According to normative feldspar
compositions, these samples are recognized as two trondhjemites
and ten granites (Fig. 7a). All samples have 70.61-74.61 wt% SiO,
and 13.83-15.36wt% Al,03 (Fig. 8). They are magnesian and
weakly peraluminous (A/CNK 1.04-1.15) (Figs. 7b and c). The
two trondhjemites are rich in Na,0 (4.67-4.70 wt%) but poor in

K,0 (1.98-2.38wt%); they also show high Mg# (45-47), MgO
(1.15-1.19 wt%), TFe, 03 (2.67-2.73 wt%), and CaO (2.00-2.13 wt%)
contents (Fig. 8). Their trace elements are characterized by enriched
large ion lithophile elements (LILEs), depleted high field strength
elements (HFSEs)(e.g., Ti,Nb, Ta, and P), low Cr (0.54-3.08 ppm) and
Ni (2.14-5.56 ppm) concentrations. They show moderate amounts
of heavy rare earth elements (HREEs) (e.g., 0.79-1.70 ppm Yb),
relatively low Sr/Y (12-33) and Lay/Yby (8-16), and depleted Eu
(Eu/Eu’ 0.63-0.91) (Figs. 9a and b; Table 3). These characteris-
tics make them similar to the medium-pressure TTGs described
by Moyen and Martin (2012) (Figs. 9a and b).

The ten granites show different chemical features from the
3.3 Ga trondhjemites (Fig. 8). They are characterized by higher
K,0 contents (3.29-6.71wt%) and lower Mg# (30-45, with one
exception of 55), MgO (0.18-0.59 wt%), TFe;03 (0.63-1.89 wt%),
and Ca0 (0.43-1.23 wt%) contents (Fig. 8). They show (1) more pro-
nounced enrichment of LILEs and depletion of HFSEs, (2) low total



Table 2

Summary of U-Pb ages and Lu-Hf isotopic compositions of different zircon types in gneissic granitoids from the Kongling Terrane.

Sample Group Rock type Zircon type U-Pb ages Hf isotopic compositions
Age (Ma) N Type 176 HE/177 Hf(t) enr(t) Tomz (Ga) N
KH254 I Trondhjemite I Magmatic 3313+30 20 Upper intercept age 0.280638 £13 0+0.5 3.70+£0.03 11
KH256 I Trondhjemite I Magmatic 3292+33 17 Upper intercept age 0.280629+10 -0.8+04 3.75+0.03 18
KH258 Il Biotite-granite I Magmatic 2810+49 14 Upper intercept age 0.280833+19 —-4.9+0.7 3.41+0.03 13
Il Metamorphic 2003 +18 5 Upper intercept age 0.280915 +45 3
0.281209 1
11 Inherited 3230+18 1 207pp/206ph age 0.280733 13 3.43 1
KH201 Il Biotite-granite I Magmatic 2803 +27 19 Upper intercept age 0.280872 +20 —-3.8+0.7 3.35+0.04 10
Il Metamorphic 2021+59 7 Upper intercept age
KH244 Il Biotite-granite I Magmatic 2785+43 4 Upper intercept age 0.280775+15 —-7.7+£0.5 3.53+0.04 4
11 Metamorphic 2040-1860 (disc.) 2 207pp/206ph age 0.280872 + 31 2
KH229 Il Biotite-granite I Magmatic 2781 +26 11 Upper intercept age 0.280801 £ 11 —-6.9+0.4 3.47 +£0.02 6
Il Metamorphic 2026 +21 8 Upper intercept age 0.280913 +27 6
11 Inherited 3080+ 14 14 207pp/206ph age
2888+18 18 207pp206Ph age 0.280781 -5.1 347 1
KH196 I Two-mica granite I Magmatic 2695+23 30 Upper intercept age 0.281077 £ 16 1.0+0.6 3.03+0.03 16
KH233 1 Biotite-granite I Magmatic 2662 +20 33 Upper intercept age 0.280936+19 —-49+0.7 3.29+0.03 19
11 Metamorphic 1951 + 35 (disc.) 1 207pp 296 Ph age
11 Inherited 3367 +17 1 207pp 206 Ph age 0.280553 -1.8 3.7 1
3093+19 1 207Pp206Ph age 0.280767 -0.7 343 1
KH216 Il Two-mica granite I Magmatic 2638426 2 Weighted mean 0.281066+9 -0.8+0.3 3.07 £0.02 2
Il Metamorphic 2004 +33 9 Upper intercept age 0.281027 1
0.281190+21 3
KH199 Il Two-mica granite I Magmatic 2636451 18 Upper intercept age 0.280997 +21 -3.2+0.8 3.19+0.04 13
Il Metamorphic 2031450 4 Upper intercept age 0.281062 1
| Inherited 3402+12 1 207pp 206 Ph age
3322+11 1 207pp 206 Ph age 0.280661 0.9 3.53 1
3278 +13 1 207pp/206ph age
3274+ 14 1 207pp/206Pp age 0.280625 -1.5 3.61 1
3227 +11 1 207pp 206 Ph age 0.280640 -2.1 3.59 1
KH234 Il Two-mica granite I Magmatic 2418 £52 5 Upper intercept age 0.280919 +24 -11.2+0.9 3.42+0.04 5
Il Metamorphic 1924 +61 2 Upper intercept age 0.280921 1
11 Inherited 2568 +42 (disc.) 1 207pp 206 Ph age 0.280897 -85 3.39 1
KH231 I Two-mica granite I Magmatic 2004+19 16 Upper intercept age 0.281143+10 -12.8+04 3.15+0.02 16

Uncertainties for 207 Pb/206Pb ages are 10, while those for intercept ages, 76Hf/'77Hf(t), ey¢(t), and two-stage model ages (Tpmz ) are all 20.
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Fig. 4. Zircon U-Pb concordia diagrams for gneissic granitoids from the Kongling Terrane. Data-point error ellipses are 2o0. The grey dashed ellipses indicate the analyses
that were excluded from age calculations. Uncertainties of the intercept ages and weighted mean ages are given at 2o level.

REEs (45-96 ppm, with one exception of 171 ppm), (3) variable Eu
anomalies (Eu/Eu’ 0.51-5.39), and (4) scattered Lay/Yby (11-46)
and Sr/Y (10-95) (Figs. 9g—n). Their transitional metal element
contents are low (e.g.,0.54-3.08 ppm Crand 2.14-5.56 ppm Ni). The
2.8 Ga biotite-granites also show higher Zr-Hf contents relative to
other elements (Fig. 9g). Specifically, the 2.0 Ga two-mica granite
KH231 exhibits a different trace element pattern, characterized by
strong positive Ba, Sr, and Eu anomalies (e.g., Eu/Eu” 4.73-5.54) and
the lowest REE content (63-65 ppm) (Figs. 9m and n).

5. Discussion

5.1. Petrogenesis of the episodic granitoid magmatism in the
Kongling Terrane

Together with previously reported Archean-Paleoproterozoic
igneous rocks (Zhang et al., 2006a; Zheng et al., 2006; Jiao et al.,
2009; Peng et al., 2009, 2012; Xiong et al., 2009; Gao et al., 2011;
Wei and Wang, 2012; Chen et al,, 2013; Guo et al., 2014b; Li
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Fig. 5. Plots of 297Pb/296Pb age vs. 176Hf/177Hf(t) for gneissic granitoids from the Kongling Terrane. The circles, squares, and diamonds indicate magmatic, metamorphic, and
inherited zircons, respectively. The filled symbols denote concordant analyses with age concordance between 98% and 102%, while the open symbols represent discordant
analyses. Error bars are +20. The numbers indicate mean '76Hf/'77Hf{(t) with 20 errors calculated from both the concordant and the discordant magmatic zircons. The grey
arrows indicate the recrystallization-induced Pb loss trend. The solid lines indicate the evolution trend of a chondritic uniform reservoir (Bouvier et al., 2008).

et al., 2014), two major (3.0-2.9 and 2.7-2.6Ga) and five minor
(3.45, 3.3-3.2, 2.8, 2.4, and 2.0-1.85 Ga) granitoid episodes could
be revealed in the Kongling Terrane (Fig. 10). The nature of the
granitoid sources, crustal evolution (reworking or growth), and
geodynamic implications are discussed as followings. The uncer-
tainties for ages and mean values in the discussion are given at 2o
level, if not specifically indicated.

5.1.1. Early TTG-dominated magmatic stage

5.1.1.1. 3.3 and 3.2Ga TTG magmatism. The emplacement ages
(3.31 and 3.29 Ga) of the two trondhjemites (KH254 and KH256)
in this study confirm the existence of 3.3 Ga TTG magmatism in
the Yangtze Craton (Gao et al., 2011). Their major element com-
positions are similar to the partial melts from low-K metabasalts
as determined by experimental studies (Fig. 11). On one hand,
these samples show low Sr (264-326 ppm) and Ba (284-541 ppm)
contents as well as negative Eu anomalies (Eu/Eu” 0.63-0.91)
(Table 3), indicating that plagioclase may have existed as a residual

or fractionated phase. On the other hand, the moderate amounts of
HREEs (e.g., 0.79-1.70 ppm Yb) and relatively high Lay/Yby (8-16)
and Sr/Y ratios (12-33) (Figs. 9a and b; Table 3) are similar to those
of the typical medium-pressure TTGs, supporting the presence of
garnet in the source region (Moyen, 2011; Moyen and Martin,
2012). The coexistence of garnet and plagioclase indicate a gar-
net amphibolite-facies source with pressures over 10 kbar (>30 km
deep) (Moyen, 2011). The chondritic ey¢(t) values (—0.8 to 0) and
Eoarchean Tpyp (3.75-3.70 Ga) suggest that this source crust might
be long lived (>0.4 Ga), if it were derived from a depleted mantle
source (Fig. 6b). Alternatively, this mafic crustal could be generated
from a near-primordial mantle source (i.e., fertile lower man-
tle), which may possess a chondritic Lu-Hf isotopic composition
(Guitreau et al., 2012; Martin et al., 2014). There are two common
tectonic scenarios to produce TTG magmatism: (1) melting of sub-
ducted oceanic crust and (2) melting at the base of a mafic crust(e.g.,
Drummond and Defant, 1990; Smithies, 2000; Martin and Moyen,
2002; Condie, 2005b; Martin et al., 2005, 2014; Hoffmann et al.,
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2011; Moyen, 2011; Moyen and Martin, 2012). Subduction-related
TTG magmas tend to possess higher Mg#, Cr and Ni contents as
well as suprachondritic ey¢(t) values, due to interactions between
the TTG melts and the mantle wedge (e.g., Smithies, 2000; Martin
and Moyen, 2002; Martin et al., 2005; Moyen and Martin, 2012).
However, the 3.3 Ga trondhjemites have low Cr (19.0-19.8 ppm)
and Ni (18.4-18.6 ppm) contents and only chondritic ey¢(t) values,
indicating limited, if not absent, interactions of the trondhjemitic
melt with the mantle (Tables 3; Fig. 6a). Therefore, it is more likely
that the 3.3 Ga trondhjemites were derived at the base of a thick
mafic crust, e.g., an oceanic plateau.

3.2 Ga orthogneisses, mostly trondhjemites (Y.B. Wu’s unpub-
lished data), have been reported from the northern margin of
the North Kongling Terrane (Jiao et al., 2009). Given that 3.2 Ga
inherited zircons are common in younger TTG and granitic rocks
(Qiu et al., 2000; Zhang et al., 2006a; Chen et al., 2013), 3.2Ga
rocks may be more widespread than presently exposed. The
3.2Ga orthogneisses display subchondritic mean eyg(t) values
(—2.33+0.51), suggesting reworking of a long-existed mafic crust.
They also exhibit (1) comparable major element compositions
(suggesting mafic source rocks as well; Figs. 8 and 11), (2) iden-
tical Eoarchean Tpyp (mean 3.684+0.05Ga) (Jiao et al., 2009),
and (3) similarly low Cr (7.3-17.0ppm) and Ni (6.0-15.8 ppm)
concentrations (Fig. 12) to those of the 3.3Ga trondhjemites.
These features suggest that the 3.2 Ga TTGs may have formed by

a similar mechanism as for the 3.3 Ga ones, that is, melting at the
base of a pre-existing mafic crust with few contributions from the
mantle. However, the 3.2 Ga orthogneisses have more depleted
HREEs (e.g., 0.22-0.74 ppm Yb) and HFSEs as well as increased
Lan/Ybyn (54-235) and Sr/Y (53-152) ratios (Figs. 9¢, d, and 12;
Table 3), which indicates the presence of more abundant garnet
and less plagioclase in the source region, possibly in eclogite facies
with a higher pressure >15 kbar (at depth >50 km) (Moyen, 2011).
Thus, the 3.2 Ga TTGs may have been derived from the base of an
over-thickened mafic crust, further implying a crustal thickening
event in the Kongling Terrane during 3.3-3.2 Ga.

5.1.1.2. 3.0-2.9Ga TTIG magmatism. The 3.0-2.9Ga TTIG rocks
are widespread in the North Kongling Terrane (Qiu et al., 2000;
Zhang et al., 2006a; Zheng et al., 2006; Gao et al., 2011; Chen
et al., 2013; Li et al,, 2014). Their major element compositions
mostly fall into the field of partial melts from low-K mafic rocks
(Fig. 11). They show weak Eu and Sr anomalies, low HREEs (e.g.,
0.32-1.12ppm Yb), as well as high Lay/Yby (23-107) and Sr/Y
(23-196)ratios, indicating an eclogite-facies source region (Moyen,
2011)(Figs.9e, f,and 12h). The 3.0-2.9 Ga TTGs also exhibit variable
Mg* (34-59), Cr (3.39-106 ppm), and Ni (4.14-75.3 ppm) contents
(Gaoetal.,, 1999, 2011; Chen et al., 2013), which could be explained
by interactions of the TTG melts with mantle rocks, possibly in a
subduction zone (e.g., Smithies, 2000; Martin and Moyen, 2002;
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Table 3

Chemical compositions of gneissic granitoids from the Kongling Terrane.
Sample KH254 KH256 KH201 KH229 KH229R KH244 KH196 KH233 KH199 KH216 KH234 KH234R KH231
Major element contents (wt%)
SiO, 71.39 70.61 72.46 73.29 73.13 74.32 73.68 74.61 73.65 74.46 72.62 72.51 71.47
TiO, 0.30 0.32 0.10 0.14 0.13 0.08 0.09 0.07 0.07 0.13 0.25 0.24 0.16
Al, 05 14.28 14.99 15.36 14.59 14.57 14.42 14.83 14.32 14.25 13.83 14.62 14.62 15.25
TFe,03 2.73 2.67 0.86 1.18 1.17 0.63 0.84 0.82 0.81 0.89 1.88 1.89 1.24
MnO 0.03 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01
MgO 1.15 1.19 0.30 0.43 0.41 0.26 0.25 0.18 0.50 0.30 0.58 0.59 0.43
Ca0 2.13 2.00 1.20 1.23 1.22 1.10 0.66 0.91 043 1.17 0.94 0.94 1.00
Na,0 4.67 4.70 4.22 432 4.29 4.25 5.55 4.03 2.87 3.75 3.99 3.95 323
K;0 1.98 2.38 4.51 4.07 4.06 4.04 3.29 4.54 6.71 4.52 4.13 4.14 6.17
P,05 0.18 0.10 0.03 0.03 0.03 0.02 0.05 0.03 0.03 0.04 0.08 0.08 0.05
LOI 0.82 0.80 0.63 0.48 0.49 0.46 0.45 0.32 0.60 0.59 0.99 0.97 0.54
Total 99.66 99.80 99.68 99.77 99.51 99.59 99.70 99.84 99.93 99.69 100.10 99.95 99.55
Mg* 45 47 41 42 41 45 37 30 55 40 38 38 41
A/NK 1.45 145 1.30 1.27 1.27 1.27 1.17 1.24 1.19 1.25 133 133 1.27
A/CNK 1.04 1.08 1.10 1.06 1.07 1.08 1.07 1.09 1.12 1.05 1.15 1.15 1.10
Trace element concentrations (ppm)
Sc 5.68 3.91 1.56 1.41 1.44 1.36 1.21 2.01 1.81 1.45 2.86 2.86 1.14
\Y 30.6 274 6.86 10.08 8.91 491 6.23 334 5.54 7.90 13.2 12.0 14.5
Cr 19.8 19.0 0.75 0.58 0.64 0.99 1.85 0.58 229 3.08 2.54 230 1.04
Ni 18.6 184 3.26 3.86 3.94 3.06 2.51 2.14 5.56 4.57 3.82 3.88 3.65
Rb 93.3 78.0 97.9 79.9 78.4 64.0 78.4 104 101 155 131 132 125
Sr 264 326 327 311 306 291 369 159 202 149 235 234 611
Y 214 9.76 6.82 3.27 3.24 6.81 6.54 15.9 9.45 6.67 124 12.5 2.50
Zr 127 114 814 144 131 60.0 83.0 97 77.9 84.4 171 178 338
Nb 16.0 7.65 3.06 5.57 5.55 222 4.56 2.44 5.12 4.51 8.31 8.17 2.23
Ba 284 541 986 1294 1264 859 1160 511 1168 658 1143 1169 2983
La 19.1 18.7 16.6 15.7 15.9 10.9 17.6 21.8 223 19.4 40.1 40.0 19.5
Ce 41.6 33.6 30.0 28.8 29.1 18.9 37.6 40.8 44.5 35.7 80.3 80.2 29.2
Pr 4.17 3.89 3.01 2.99 3.05 1.99 3.40 4.21 4.38 3.66 8.02 8.11 2.69
Nd 15.2 143 10.55 10.5 104 6.93 11.8 14.6 15.4 12.6 27.6 27.7 9.00
Sm 3.39 2.72 1.80 1.61 1.68 1.31 223 3.09 2.73 2.24 491 4.88 1.02
Eu 0.69 0.71 0.65 0.54 0.53 0.46 0.57 0.47 0.71 0.62 0.99 1.00 1.41
Gd 3.26 2.09 1.46 1.01 1.12 1.16 1.55 2.59 2.11 1.62 3.25 3.25 0.62
Tb 0.53 033 0.20 0.12 0.12 0.17 0.22 039 0.32 0.22 0.44 0.46 0.075
Dy 3.18 1.80 1.11 0.50 0.54 1.04 1.20 2.41 1.59 1.21 237 242 0.38
Ho 0.62 033 0.21 0.094 0.093 0.21 0.21 0.50 0.32 0.21 0.44 0.43 0.079
Er 1.78 0.91 0.61 0.28 0.27 0.71 0.56 1.53 0.88 0.55 1.17 1.10 0.24
Tm 0.28 0.14 0.092 0.044 0.046 0.11 0.083 0.24 0.14 0.074 0.16 0.16 0.034
Yb 1.70 0.79 0.60 0.33 0.29 0.69 0.55 1.40 0.91 0.49 1.01 0.93 0.29
Lu 0.26 0.12 0.085 0.056 0.049 0.11 0.078 0.20 0.13 0.071 0.15 0.15 0.046
Hf 3.54 3.18 2.59 4.27 4.04 2.03 2.97 3.65 2.76 2.47 4.90 5.07 7.99
Ta 2.11 0.90 0.30 0.44 0.45 0.27 0.44 0.29 043 0.48 0.57 0.57 0.48
Pb 122 13.0 28.8 22.8 224 33.0 21.2 29.6 41.6 28.6 38.9 39.1 23.1
Th 6.94 5.26 6.57 5.88 5.82 3.99 8.62 11.2 13.1 103 16.4 16.6 7.55
U 1.25 0.84 0.58 0.72 0.70 0.60 0.85 2.75 1.66 1.56 2.05 2.05 1.15
YREE 96 80 67 63 63 45 78 94 96 79 171 171 65
Eu/Eu’ 0.63 0.91 1.22 1.29 1.19 1.12 0.94 0.51 0.91 0.99 0.76 0.76 539
Lan/Ybn 8 16 19 33 37 11 22 11 17 27 27 29 46
Sr/Y 12 33 48 95 94 43 56 10 21 22 19 19 244

R, reduplicate; Mg#, atomic Mg/(Mg + Fea1) x 100; A/NK, molar Al,03/(Na;0+K,0); A/CNK, molar Al,03/(Ca0+Na,0+K,0); Eu/Eu’, 2 x Euyn/(Smy + Gdy). Normalization
uses chondrite values from McDonough and Sun (1995).

Martin et al., 2005; Moyen and Martin, 2012). Mafic lenses or veins
hosted in the 3.0-2.9 Ga TTGs (Wei and Wang, 2012; Wei and Jing,
2013; Lietal.,, 2014) display chemical affinities to typical island arc
basalts, lending support to the subduction regime (Li et al., 2014).
The possible tectonic settings include an oceanic island arc setting
(Li et al., 2014) and a continental arc setting. In oceanic island
arcs, however, both the subducting and the overriding plates are
juvenile oceanic crusts. Thus, granitoids produced in such envi-
ronments would exhibit radiogenic Hf isotopic compositions, with
depleted mantle-like ey¢(t) values (e.g., Schaltegger et al., 2002).
This is in conflict to the unradiogenic nature in the 3.0-2.9Ga TTG
zircons, which exhibit a wide range of eys(t) with predominant
subchondritic values (Fig. 13). The >3.2 Ga Tppz and minor 3.2 Ga
inherited zircons in the 3.0-2.9Ga TTGs (Zhang et al., 2006a)
indicate a vital role of the ancient crystalline basement in the their
genesis, which actually fits a continental arc setting. In continental
arcs, due to melting and/or contamination of the overriding thick
ancient continental crust above the subduction zone, granitoid

magmas therein are commonly imprinted by less radiogenic Hf
features characterized by lower ey¢(t) values (e.g., Li et al.,, 2012;
Ducea et al., 2015; Jones et al., 2015). Therefore, it is suggested that
the tectonic environment of the Kongling Terrane during 3.0-2.9 Ga
may be similar to the modern continental arc, and thus the plate
tectonics in the Yangtze Craton probably commenced before 2.9 Ga.

5.1.2. Late granitic-dominated magmatic stage
5.1.2.1. 2.8Ga biotite-granitic magmatism. The oldest emplace-
ment age (2.81 Ga; KH258) of the 2.8 Ga biotite-granites overlaps
the detrital zircon ages (ca. 2.82 Ga) from Archean sandstones in
the Huji area (Fig. 1a) (Z.J. Wang et al., 2013a), while the youngest
age (2.78 Ga; KH229) resembles the protolith age (ca. 2.77 Ga) of
Huangtuling granulites in the North Dabie orogen (Wu et al., 2008).
It means that the 2.8 Ga magmatism might be common in the
Yangtze Craton.

The geochemical features of the 2.8 Ga granites significantly dif-
fer from those of the 3.3-2.9 Ga TTGs (Fig. 12). Their major element
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compositions are consistent with partial melts from tonalites as
determined by experimental studies, rather than metabasalts as
for the older TTGs (Fig. 11). Their low contents of Fe-Mg min-
erals (<1% biotite), TFe; 03 + MgO (0.89-1.61 wt%), and total REEs
(45-67 ppm) require fractionation of REE-bearing ferromagnesian
minerals (e.g., amphibole or pyroxene) (Figs. 2b, ¢, and 9h; Table 3).
Because amphibole preferentially incorporates middle REEs, its

fractionation would cause middle REE depletion in the residue melt
(Nicholls and Harris, 1980; Sisson, 1994; Chazot et al., 1996), as
observed in sample KH229 (Fig. 9h). A possible explanation for the
genesis of 2.8 Ga magmatism would be melting of diorite/tonalite
by a reaction such as plagioclase + biotite =amphibole + melt (e.g.,
Sisson et al., 2005; Watkins et al., 2007). This would recon-
cile both the fractionation of amphibole and the absence of Eu
anomalies (Eu/Eu’ 1.12-1.29), considering that plagioclase con-
tributes largely to the melt formation (e.g., Sisson et al., 2005;
Watkins et al., 2007). However, amphibole is absent in these 2.8 Ga
biotite-granites, which leaves the fractionation of amphibole still
an open question.

5.1.2.2. 2.7-2.6 Ga biotite- and two-mica granitic magmatism. The
2.7-2.6 Ga magnesian granites in this study include biotite-granite
KH233 (2.66 Ga) and two-mica granites KH196 (2.70 Ga), KH216
(2.64Ga), and KH199 (2.64Ga) (Figs. 4g-j). They show similar
chemical compositions (Figs. 9i and j), which are also comparable to
two 2.7 Ga gneissic two-mica granites KH163 and KH184 (2.71 Ga
and 2.69 Ga, respectively) from the eastern North Kongling Terrane
(Chen et al., 2013). These biotite or two-mica granites are all mag-
nesian, chemically different from the 2.67-2.62 Ga A-type granites
(ferroan) in the same region (Chen et al., 2013) (Figs. 7b and 8).
Compared to the older granitoids, the 2.7-2.6 Ga magnesian
granites have a more heterogeneous source. Their major element
compositions mainly resemble partial melts of tonalitic sources,
but two of them indicate mafic and metasedimentary sources,
respectively (Fig. 11). The contribution from metasediments is also
favored by the high K,O content (up to 6.71wt%), high A/CNK
(up to 1.12), and the presence of primary muscovite in the two-
mica granites (Fig. 2d). The variable mean ey(t) values (—4.9 to
0.9) and Tpyz (3.29-3.03 Ga) in these 2.7-2.6 Ga magnesian gran-
ites indicate that their source regions may be heterogeneous,
consisting of both juvenile and relatively ancient components
(Figs. 6e, f, and 13; Supplementary Table S3). Two samples (KH233
and KH196) contain minor 3.4-3.1 Ga inherited zircon ages, which
seems to suggest that the local 3.4-3.1 Ga gneisses might represent
the relatively ancient components in the source region. However,
melting of the 3.4-3.1 Ga gneisses to generate the 2.7-2.6 Ga mag-
mas would require either (1) these gneisses to have 176Lu/!77Hf
>0.02 (Fig. 13), which is very unlikely considering that they are
felsic rocks, or (2) admixing of depleted mantle materials. Nev-
ertheless, these 2.7-2.6 Ga magnesian granites have very high
SiO, contents (73.65-74.46 wt%) and low MgO (0.18-0.50 wt%), Cr
(0.58-3.08 ppm) and Ni (2.14-5.56 ppm) contents (Table 3), which
rules out the involvement of the mantle or mantle-derived mate-
rials in their origin, even for the sample with the highest ey¢(t)
values. Two scenarios could explain such contradictions. One plau-
sible scenario is the “zircon effect” during anatexis of the 3.4-3.1 Ga
gneisses (e.g., Zeh et al., 2009, 2011). Residual zircons in the source
may retain a significant amount of 177Hf at the source, resulting
in heterogeneous Hf isotopic compositions in magmatic zircons of
granitic rocks, which may not necessarily indicate magma mixing
of multiple sources (Tang et al., 2014). The other scenario is melting
of ayounger (<3.1 Ga) juvenile crust, under which circumstance the
3.4-3.1 Ga zircons could be explained as xenocrysts. This juvenile
crust, however, is unlikely to be the 3.0-2.9 Ga TTG rocks discussed
above. Because as shown in Fig. 13, these rocks are not juvenile at
all (showing predominant negative ey¢(t) values), and would have
had essentially subchondritic ey values at 2.7 Ga. Instead, the juve-
nile crust might be the mafic crust formed <3.1 Ga, as inferred from
(1) the mafic enclaves and dykes with island arc affinities hosted in
the 3.0-2.9 Ga (Wei and Wang, 2012; Wei and Jing, 2013; Li et al.,
2014),and (2)2.86 Gaamphibolite with radiogenic Hf isotopic com-
positions (eyg(t) values up to 5.6) from the North Kongling Terrane
(Wu et al,, 2009). However, melting of such juvenile mafic crust
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would produce melts with different compositions from the major-
ity of the 2.7-2.6 Ga magnesian granites. Thus, this scenario could
only explain a small proportion of these granites (Fig. 13).

Therefore, the 2.7-2.6 Ga biotite- and two-mica granites are
likely to have been produced by reworking of a heterogeneous
source region (consisting of 3.4-3.1 Ga granitoid gneisses as well
as minor 3.0-2.9 Ga mafic rocks and metasediments), and their for-
mation may have been affected by the retention of residual zircon
during melting.

5.1.2.3. 2.4Ga two-mica granitic magmatism. Two amphibole lep-
tynites from the North Kongling Terrane gave identical TIMS zircon
U-Pb discordia ages of ca. 2.43 Ga (Zheng et al., 1991; Ma et al.,,
1997). In this study, the two-mica granite KH234 yields a similar
emplacement age (2.42 Ga) (Fig. 4k), which verifies the existence
of 2.4Ga magmatism in the Yangtze Craton. The presence of
muscovite (Fig. 2e) and high A/CNK (1.15) (Fig. 7c) of KH234 sug-
gest that sediments may have been involved in its formation. The
magmatic zircons show negative ey¢(t) (mean —11.2+0.9) and
Paleoarchean Tpy; (mean 3.42 4 0.04) (Figs. 6g and h), indicating
reworking of ancient basement rocks in the Kongling Terrane.

Although 2.4Ga rocks have only been reported from the
Kongling Terrane, coeval detrital zircons have been widely reported
from the Yangtze Craton (X.M. Liu et al., 2008; L.J. Wang et al.,
2013; Zheng et al., 2013; Cui et al., 2014). Their ey¢(t) values vary
largely from —14 to 10 (Fig. 13) suggesting juvenile crustal growth
in addition to crustal reworking in the Yangtze Craton.

5.1.2.4. 2.0Ga two-mica granitic magmatism. Two-mica granite
KH231 has minor muscovite (Fig. 2f) and high A/CNK (1.10) (Fig. 7c),
and falls into the field of partial melts from metasediments as deter-
mined by experimental studies (Fig. 11). It implies that this sample
may be S-type in nature. This is consistent with the observation that
the Kongling Terrane preserves voluminous syn-collisional S-type
granites and migmatites (Yin et al., 2013; Li et al., 2014). The unra-
diogenic zircon Hf isotopic compositions (mean ey¢(t) —12.9+0.4
and Tppp 3.154+0.02 Ga) of magmatic zircons in sample KH231
indicate anatexis of ancient felsic crust (Fig. 6i). As shown in Fig. 13,
the age-ey¢(t) data of these magmatic zircons fall into the evolution-
ary trend of the 2.7 Ga magnesian granites. This suggests that the
sedimentary source rocks for the 2.0 Ga granitic magmatism may
have sourced dominantly from local 2.7 Ga magnesian granites.
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Chen et al., 2013; Yin et al., 2013; Guo et al., 2014b; Li et al., 2014).

5.2. Tectonic significance of the TTG-granite transition at 2.8 Ga
in the Kongling Terrane

Multiple generations of Paleoarchean-Paleoproterozoic granit-
oid rocks from the Kongling Terrane in the Yangtze Craton could
define an early TTG stage (3.3-2.9Ga) and a late granite stage
(2.8-2.0Ga). A dramatic change is observed at 2.8 Ga in mineral-
ogy, geochemistry, and petrogenesis of the granitoid magmatism,
from Na-rich trondhjemites to K-rich granites (Figs. 12 and 14).
The geochemical features of the 3.3-2.9Ga TTGs suggest that
they may have been commonly derived from low-K metabasalts,
but at different depths with/without melt-mantle interactions
(Figs. 9, 11, and 12). In fact, the 3.3 and 3.2 Ga trondhjemites sug-
gest melting of mafic rocks at increasing pressures, as indicated by
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Fig. 11. Ternary diagram of Al,03/(TFeO + MgO)-3Ca0-5(K,0/Na,0) (after Laurent
et al., 2014). The different fields represent the composition of melts derived from a
range of potential sources (tonalites, metasediments, low- and high-K mafic rocks),
determined by the major-element compositions of partial melts from experimental
studies (see references in Laurent et al., 2014). Symbols: diamonds, TTGs; circles,
biotite-granites; squares, two-mica granites; triangles, A-type granites. Data sources
include this and previous studies (Gao et al., 1999, 2011; Xiong et al., 2009; Peng
etal,2012; Chenetal,2013; Guoetal., 2014b; Lietal., 2014; Y.B. Wu’s unpublished
data).

the rising Lay/Yby ratio from 3.3 to 3.2 Ga (Fig. 12h). This could
be explained by progressive thickening and concomitant differen-
tiation of a thickened mafic crust, for instance, an oceanic plateau
in an intraplate environment (Moyen and Martin, 2012). In con-
trast, the 3.0-2.9 Ga high-pressure TTGs clearly show evidence for
mantle-melt interactions (high Cr and Ni contents together with
minor depleted mantle-like ey¢(t) values), which is more consistent
with a subduction origin, e.g., a continental arc setting, as discussed
above (e.g., Smithies, 2000; Martin and Moyen, 2002; Martin et al.,
2005; Moyen and Martin, 2012). This suggests that the maximum
unequivocal age for a plate tectonics behavior in the Yangtze craton
is 3.0-2.9Ga.

In contrast, the younger biotite- and two-mica granites (2.8,
2.7-2.6,2.4,and 2.0 Ga) were probably formed by repeated anatexis
of pre-existing basement rocks (TTGs and/or metasediments) (e.g.,
Yin et al., 2013). The introduction of both metasediments and juve-
nile mantle-derived components into the magma sources seems to
have started since 2.7-2.6 Ga (Figs. 11 and 13). The petrogenesis of
the 2.8-2.0 Ga granites may be related to multiple collisional events
(as discussed in Section 5.1), implying a change in geodynamics
from (1) pre-2.8 Ga reworking of pre-existing mafic crust by crustal
thickening or subduction to (2) post-2.8 Gareworking of more felsic
ancient crust by collisions and subsequent crustal extension (e.g.,
Yin et al., 2013; Li et al., 2014 for the 2.0 Ga S-type granites).

An important significance of the TTG-granite transition is to
increase the stability of the continental crust and its underly-
ing lithospheric mantle. Since granites are rich in incompatible
and radioactive heat-producing elements (K, U, and Th), repeated
granitic magmatism (especially during the 2.7-2.6 Ga) by crustal
anatexis would transfer these elements from deep lithosphere to
shallow depths, facilitating the maturation and stabilization of the
continental crust (Korhonen and Johnson, 2015; Zhou et al., 2015).
The stabilization of the lithospheric mantle was assisted by the
emplacement of highly fertile mantle-derived 2.67-2.62 Ga A-type
granitic magmas (Chen et al.,, 2013). Therefore, the TTG-granite
transition also means that the stabilization of the Yangtze Craton
may have initiated since 2.8 Ga and peaked at 2.7-2.6 Ga. After
2.6 Ga, juvenile crustal growth in the Yangtze Craton has been
limited (Fig. 13). However, the final cratonization of the Yangtze
Craton had not been accomplished until 1.85 Ga, as marked by the
emplacement of 1.85 Ga A-type granites in the North Kongling Ter-
rane (Xiong et al., 2009; Peng et al., 2012).

In a global view, similar TTG-granite and tectonic transitions
have been widely recognized in other Archean cratons (e.g., Supe-
rior, Amazonian, Karelian, Kaapvaal, Pilbara, Dharwar, and North
China) (Laurent et al., 2014 and references therein). Such transi-
tions usually include two distinct stages: a long period (0.2-0.5 Ga)
of TTG emplacement, followed by a shorter period (0.02-0.15 Ga)
of granitoid (biotite-granite, two-mica granite, and sanukitoid)
emplacement (Moyen et al.,, 2003; Moyen and Martin, 2012;
Laurent et al., 2014). This two-stage evolution pattern of Archean
granitoid magmatism may indicate the commencement of the first
global subduction-collision cycle in the Earth’s history, as a con-
sequence of the Earth’s cooling (Martin and Moyen, 2002; Moyen
et al., 2003; Condie, 2005b; Martin et al., 2005; Moyen and Martin,
2012; Laurent et al., 2014). The transition at 2.8 Ga in the Kongling
Terrane, Yangtze Craton (Fig. 14) is later than the Pilbara (2.95 Ga)
and Amazonia (2.85Ga) Cratons, similar to the Kaapvaal Craton
(2.85-2.70Ga), but earlier than the Dharwar (2.55 Ga) and North
China (2.55-2.45 Ga) Cratons (e.g., Smithies and Champion, 2000;
Moyen et al., 2003; Van Kranendonk et al., 2007; Almeida et al.,
2010; Zhai and Santosh, 2011; Zhao and Cawood, 2012; Laurent
etal., 2014). However, Neoarchean sanukitoid have not been found
from the Yangtze Craton yet. The Kongling Terrane may have a
continental arc setting during 3.0-2.9 Ga, and later it experienced
protracted intracrustal differentiation from 2.8 to 2.0 Ga, which
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might not be a tectonic setting suitable for the generation of sanuk-
itoids (Laurent et al., 2014 and references therein).

5.3. Significance of the 2.7-2.6 Ga magmatic-metamorphic events
in the Yangtze Craton

2.7 Ga magmatism has been widely recorded in most of the
Archean cratons worldwide (cf.,, Condie et al., 2009). This global
magmatism was attributed either to a mantle plume (Condie,

1998, 2005a; Wyman, 2003; Condie and O’Neill, 2010; Said et al.,
2010), or to subduction, accretion, and collision events related
to supercontinent amalgamation (Aspler and Chiarenzelli, 1998;
Campbell and Allen, 2008; Condie and Aster, 2010; Bradley, 2011).
Vast amounts of TTGs and/or voluminous syn- or post-collisional
granites could be produced/preserved during the amalgamation
of supercontinent (e.g., Polat et al., 1998; Polat and Kerrich, 2002;
Condie et al., 2009; Jiang et al., 2010; Zeh et al., 2010; Manikyamba
and Kerrich, 2012; Zhu et al., 2013; Wan et al., 2014).
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In the Yangtze Craton, the 2.7-2.6 Ga granitic magmatism is
widespread at least in the central and the northern parts, e.g.,
Kongling, Huji, Huangtuling, Yudongzi, Jingshan, Zhenyuan, and
Ningxiang (Zhang et al., 2001; Zheng et al., 2006; Sun et al., 2008;
Wu et al., 2008; ZJ. Wang et al., 2013a, b; Zhou et al., 2015)
(Fig. 1c). However, neither coeval mafic-ultramafic rocks nor TTGs
have been found in the Yangtze Craton. Besides, the unradiogenic
Hf isotopic compositions of the 2.7-2.6 Ga granites and xenocrystic
zircons indicate that crustal reworking might be dominant during
the 2.7-2.6 Gamagmatism in the Yangtze Craton (this study; Zheng
et al., 2006; Chen et al., 2013; Zhou et al., 2015) (Fig. 13). These
observations fit an orogenic setting instead of a plume or a subduc-
tion setting. Moreover, 2.75-2.72 Ga high-grade metamorphism
has been preserved in orthogneisses, amphibolites, and metapelites
from the Kongling Terrane (Ling et al., 1998; Qiu et al., 2000; Jiao
et al., 2009; Wei and Wang, 2012). Its age is slightly earlier than
the 2.71-2.64Ga biotite- and two-mica granites as well as the
2.67-2.62 Ga A-type granites in the Kongling Terrane. Thus, we pro-
pose a two-stage model to explain the 2.7-2.6 Ga metamorphism
and magmatism: (1) an early collisional stage (2.75-2.72 Ga), which
is represented by the 2.75-2.72 Ga high-grade metamorphism,

and (2) a late extensional stage (2.71-2.62 Ga), which might be
related to collapse of orogenic root and subsequent crustal exten-
sion and mantle upwelling, generating the 2.71-2.64 Ga biotite-
and two-mica granitic magmatism and the 2.67-2.62 Ga A-type
granitic magmatism. It is interesting that the timing (2.75-2.72 Ga)
of this early collisional stage is consistent with a 2.7 Ga global
orogeny, as recorded in the Limpopo Belt from southern Africa,
which jointed the Kaapvaal and Zimbabwe cratons together at
2.72 Ga (Zeh et al., 2009; Kramers and Mouri, 2011; Laurent et al.,
2014). This global orogeny was suggested to have formed the
probably earliest supercontinent Kenorland (Rimo et al., 2005;
Bradley, 2011). We tentatively propose that the 2.7-2.6 Ga meta-
morphic and magmatic events in the Yangtze Craton may be related
to this 2.7 Ga global orogeny as well. Admittedly, more geochemical
and high-precision geochronological works are needed in future to
test this hypothesis.

6. Conclusions

We studied the whole-rock element and zircon U-Pb-Lu-Hfiso-
topic compositions of twelve gneissic granitoids from the Kongling
Terrane, Yangtze Craton. The following conclusions were obtained:

1. The 3.3 Ga trondhjemites confirm the existence of 3.3 Ga trond-
hjemitic magmatism in the Yangtze Craton. Their major and
trace element compositions suggest that they were derived from
amphibolite-facies low-K mafic crust.

2. The younger granites (2.8, 2.7-2.6, 2.4, and 2.0Ga) are basi-
cally leucogranitic. Their major element compositions, inherited
zircon ages, and magmatic zircon Hf isotopic features suggest
that they were mainly produced by repeated anatexis of ancient
basement rocks (TTGs and/or metasediments) in the Kongling
Terrane.

3. The Paleoarchean-Paleoproterozoic granitoid magmatism
(3.3-3.2, 3.0-2.9, 2.8, 2.7-2.6, 2.4, and 2.0Ga) in the Kongling
Terrane shows a remarkable change in petrology, geochem-
istry, and petrogenesis at 2.8 Ga. This may reflect a change
in the geodynamics from (1) pre-2.8 Ga reworking of pre-
existing mafic crust by crustal thickening or subduction to
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(2) post-2.8Ga reworking of more felsic ancient crust by
collisions and subsequent crustal extension.

4. A two-stage model is proposed to explain the 2.7-2.6 Ga meta-
morphic and magmatic events in the Yangtze Craton: (1) an
early collisional stage, represented by the 2.75-2.72 Ga high-
grade metamorphism, and (2) a late extensional stage, during
which the 2.71-2.64Ga biotite- and two-mica granites and
the 2.67-2.62 Ga A-type granites were produced by orogenic
root collapse and subsequent mantle upwelling. The 2.7-2.6 Ga
metamorphic and magmatic events in the Yangtze Craton may
be related to the 2.7 Ga global orogeny.
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