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A combined study of zircon U-Pb and Lu-Hf isotopes and whole rock major and trace elements and
Sr-Nd isotopes has been conducted for 10 tonalitic-trondhjemitic-granodioritic (TTG) and granitic
gneisses from the Kongling terrain, the only known Archean microcontinent in the Yangtze craton,
South China. The results reveal a significant magmatic event at ~2.6-2.7 Ga, in addition to the pre-
viously reported ~2.9Ga and ~3.2-3.3 Ga magmatism. The ~2.6-2.7 Ga rocks show relatively high
REE (530-1074 ppm), apparently negative Eu anomaly (Eu/Eu*=0.22-0.35), low #Mg (19.51-22.63)
and low Lan/Yby (10.3-24.2). Besides, they have high K-feldspar proportion and relatively evaluated
(K20 +Na,0)/Ca0, TFeO/MgO, Zr, Nb, Ce and Y contents. Their 10,000 x Ga/Al ratios range between 3.00
and 3.54. All these features suggest that the protoliths of these gneisses are A-type granites. Most of
the ~2.6-2.7 Ga zircon grains have ey¢(t) values >0 (up to 7.93, close to the depleted mantle value). This
clearly indicates a considerably higher proportion of new crustal components in the ~2.6-2.7 Ga gran-
itoids compared to the ~3.2-3.3 Ga and ~2.9 Ga TTGs. Our results support the conclusion of worldwide
studies of igneous and detrital zircons that age peaks at 2.65-2.76 Ga represent increases in the volume
of juvenile continental crust. The present study also confirms the existence of the two older magmatic
events in the Kongling terrain. Both whole rock enq(t) values (—3.74 to 1.59) and the zircon eyg(t) values
(-=11.18 to 3.55) for the ~2.9 Ga TTG and the Hf isotopes of ~3.2-3.3 Ga igneous zircons (—7.37 to 3.12)
are chondritic or subchondritic, suggesting that they were mainly generated by reworking of older rocks
with a small amount of new crustal additions.
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1. Introduction

It is generally accepted that Archean terrains are vol-
umetrically dominated by sodium-rich granitoids of tonalite-
trondhjemite-granodiorite (TTG) suites (Condie, 1981; Jahn et al.,
1981; Martin, 1987; Drummond and Defant, 1990). Consequently,
the formation and tectonic significance of Archean TTGs are cru-
cial for understanding the origin and evolution of early continental
crust (e.g. Smithies et al., 2003; Condie, 2005; Martin et al., 2005;
Moyen and Martin, 2012). Most Archean TTGs have experienced
sophisticated subsequent reworking and alteration, which makes
seeing back through time to the processes involved in their gener-
ation extraordinarily challenging. Nevertheless, it has been shown
that the application of combined CL image, U-Pb and Lu-Hf isotope
analyses of zircons can arguably provide more detailed and reliable
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information for Archean TTG suites than whole rock records (e.g.
Vervoort and Blichert-Toft, 1999; Griffin et al., 2004; Davis et al.,
2005; Halpin et al., 2005; Kemp et al., 2010; Zeh et al., 2011). Based
on this robust cornerstone, many significant insights into the com-
plex formation mechanisms of Archean cratons have been made
over the past ten years, in particular into the issue whether such
cratons sourced from accretion of new crustal additions or from the
reworking of pre-existing crust (Andersen et al., 2002; Griffin et al.,
2004; Woodhead et al., 2004; Gerdes and Zeh, 2009; Kemp et al.,
2009; Hawkesworth et al., 2010; Zeh et al., 2010).

The North China and Yangtze cratons are the two largest
Archean cratons in East China. They collided with each other along
the E-W trending Qinling—Dabie-Sulu orogenic belt in the Triassic
period (Rowley et al., 1997; Hacker et al., 1998; Ayers et al., 2002).
The North China craton, which shows widespread Archean rocks
dating back to ~3.8 Ga, has a complex and multi-stage growth his-
tory and has been well studied (Jahn et al., 1987; Liu et al., 1992,
2012a, b; Song et al., 1996; Zhao et al., 2001, 2005; Gao et al.,
2004; Zheng et al., 2004; Kusky et al., 2007; Wu et al., 2008a; Zhai
etal, 2010; Nutman et al,, 2011; Peng et al., 2011, 2012b; Zhai and
Santosh, 2011; Geng et al., 2012; Li et al., 2012; Lii et al., 2012). In


dx.doi.org/10.1016/j.precamres.2012.10.017
http://www.sciencedirect.com/science/journal/03019268
http://www.elsevier.com/locate/precamres
mailto:sgao@263.net
dx.doi.org/10.1016/j.precamres.2012.10.017

K. Chen et al. / Precambrian Research 224 (2013) 472-490 473

contrast, the Yangtze craton consists mainly of Proterozoic rocks
with only sporadic outcrops of Archean basement in the Kongling
terrain (Chen and Jahn, 1998; Gao etal., 1999, 2011; Qiu et al.,2000;
Wu et al., 2012). A few studies have addressed the issues about TTG
gneiss (Qiu et al., 2000; Zhang et al., 2006a; Jiao et al., 2009; Gao
etal,, 2011) and metasedimentary rocks (Gao etal., 1999, 2011; Qiu
et al., 2000; Zhang et al., 2006b, 2006c¢; Liu et al., 2008a; Wu et al.,
2009), which make up the principal part of the Kongling terrain.
However, most of these studies are confined to the western part of
the Kongling terrain. The eastern part is largely unknown.

In this work, we report whole rock major and trace elements and
Sr-Nd isotopes, as well as zircon U-Pb ages and Hf isotopes for 10
TTG and granitic gneisses from the eastern part of the Kongling
terrain (Fig. 1). Our results, for the first time, reveal a signifi-
cant magmatic event at ~2.6-2.7 Ga, in addition to the previously
reported ~2.9 Ga and ~3.2-3.3 Ga events. Therefore, the Kongling
terrain experienced at least three Archean magmatic events.

2. Geological setting and samples

The South China block was formed by the Grenvillian-age con-
tinental collision (Li et al., 2002) between the Yangtze craton and
the Cathaysia block. The Yangtze craton is bounded to the west
by the Tibetan Plateau, to the north by the Qinling-Dabie-Sulu
Orogen and to the south by the Jiangnan Orogen. Although some
Archean zircons (xenocrystic) have been reported in different
places in the Yangtze craton and in the northern Dabie Orogen
(Zheng et al., 2006; Sun et al., 2008; Wu et al., 2008b), Archean
outcrops within Yangtze craton have been only spotted in the
Kongling terrain. The Kongling terrain, in an oval dome structure,
covers an area of approximately 360 km? and is located at Xing-
shan and Zigui counties of Hubei province in the northwestern
part of the Yangtze craton (Fig. 1). This Archean basement was
intruded by the Quangitang K-feldspar granite in a small scale at
~1.85 Ga (Xiong et al., 2009; Peng et al., 2012a) in the northern part
and, in the southern part, by the bulky Huangling granitoid com-
plex which comprises four suites: Huanglingmiao trondhjemite,
Dalaoling granodiorite, Sandouping tonalite, and Xiaofeng tonalite
(Fig.1).Zircon U-Pb dating revealed that their ages are 800-820 Ma,
817 £22 Ma, 805 £ 9 Ma (Zhang et al., 2009) and 806 +4 Ma (Zhang
et al., 2008), respectively. Owing to the bulky Huangling granitoid
complex, the whole Kongling terrain was divided into northern
and southern segments, referred to the North Kongling terrain and
the South Kongling terrain (Gao et al., 2011). The Kongling terrain
mainly consists of three types of rock associations (Gao and Zhang,
1990; Gao et al., 1999): (1) dioritic, tonalitic, trondhjemitic, granitic
(DTTG) gneisses; (2) metasedimentary rocks; and (3) amphibo-
lites and locally preserved mafic granulites, commonly occurring
as lenses, boudins, and layers within gneisses (Fig. 1). The propor-
tion of the felsic gneisses, clastic metasediments, and amphibolites
is about 0.51, 0.44 and 0.05, respectively. It is worthy to note that
approximately 90% DTTG and granitic gneisses in the Kongling ter-
rain are exposed in the North Kongling terrain, as is displayed by
geological mapping (Fig. 1).

Based on mineralogical, geochemical and Sr-Nd isotopic com-
positions, Gao et al. (1999) divided the clastic metasediments
into three groups: (1) Group A shows no to slightly negative Eu
anomalies, with Chemical Index of Alteration (CIW) close to felsic
gneisses, high Cr and Ni contents and low Th and REE contents
and is dominated by feldspar, biotite and quartz with variable
garnet and amphibole; (2) Group B is characterized by negative Eu
anomalies, high CIW and the presence of graphite and muscovite;
(3) Group C is restite and contains abundant sillimanite, garnet
and ilmenite. Qiu et al. (2000) provided the first evidence for the
presence of >3.2Ga sialic crust, using detrital zircons from two
metapelites in the Kongling terrain. Detrital zircon U-Pb results

of eight Neoproterozoic sandstone and tillite samples from the
south of the Kongling terrain reveal four major age populations
of 720-910 Ma, 1.90-2.05 Ga, 2.40-2.55 Ga and 2.60-2.70 Ga with
a few grains >3.2Ga (Liu et al., 2008a). In addition, Zhang et al.
(2006b) obtained an age of ~3.8 Ga for one detrital zircon from a
Neoproterozoic sandstone.

Several attempts have been carried out to study the Kongling
TTG gneisses in the light of igneous zircons, by employing SHRIMP
and laser ablation inductively coupled plasma mass spectrome-
try (LA-ICP-MS). Qiu et al. (2000) first reported a magmatic event
at ~2.90-2.95 Ga for two trondhjemitic gneisses (KY05 and KY17)
in the western segment of the North Kongling terrain which was
interpreted as the age of the trondhjemite emplacement (Fig. 1).
In the same part of the Kongling terrain, similar results were
also obtained by Zhang et al. (2006a) for two migmatites 04YC97
(2947 £28Ma)and 04YC104 (2936 4+ 28 Ma). Inherited zircon cores
with 207Pb/206ph ages of ~3.2Ga were identified (Zhang et al.,
2006a). Besides, Jiao et al. (2009) reported a protolith intrusion
age of 3218+ 13 Ma for a gneiss (06HL0O9) along the northeast-
ern edge of the North Kongling terrain. Moreover, Gao et al. (2011)
investigated two TTG gneisses (KH80 and KH84) along the south-
ern margin of the North Kongling terrain. Zircon U-Pb results
of sample KH84 suggested a magmatic event at 3302 +7/8 Ma.
About 3.2-3.3 Ga inherited zircon cores were identified in KH80.
Both samples were significantly affected by a ~2.8-2.9 Ga mag-
matism. These ages were, so far, the oldest known emplacement
ages in the Kongling terrain. Available Hf isotope analyses of these
gneisses reveal that the ey¢(t) values vary between —11.18 and 3.00
and the corresponding two-stage depleted mantle Hf model ages
(Tpmz) range from ~3.24 to ~3.81Ga with a significant peak at
3.30-3.50 Ga (Zhang et al., 2006a; Jiao et al., 2009; Gao et al., 2011).

The present study investigated 10 TTG and granitic gneisses
from the eastern part of the North Kongling terrain. The concrete
localities and descriptions of all samples are shown in Fig. 1 and
Table 1. It is merited to point out that some gray gneisses were cut
by migmatitic K-feldspar-rich veins. However, all the studied rocks
are free from the apparent migmatitic veins.

3. Analytical techniques
3.1. Whole rock element and Sr-Nd isotopic compositions

Major element compositions were measured by XRF (Rikagu RIX
2100) using fused glass disks at the State Key Laboratory of Conti-
nental Dynamics, Northwest University, China. Analyses of Chinese
National basalt standard GBW07105 (GSR-3) and Chinese National
syenite standard GBWO07105 indicate that accuracy is better than
7% for all the oxides under investigation (Rudnick et al., 2004). Trace
element analyses were conducted using an Agilent 7500a ICP-MS
at the State Key Laboratory of Geological Processes and Mineral
Resources, China University of Geosciences, Wuhan. The detailed
sample-digestion procedure for ICP-MS analyses was reported in
Liu et al. (2008b). Results obtained for USGS standards (AGV-2,
BHVO-2, RGM-1 and BCR-2) show that analytical accuracies were
better than 15% for most elements. Exceptions are Cr, Cu and Sn
in BCR-2, which differ up to 19%, and Ni and Mo in RGM-1, which
differ up to 25%.

Sr-Nd isotopic ratios were analyzed on a Triton TI mass spec-
trometer (Thermo Finnigan, Germany) operated in static mode
at the State Key Laboratory of Geological Processes and Mineral
Resources, China University of Geosciences, Wuhan. Full details
of the Rb-Sr and Sm-Nd procedures were reported in Gao et al.
(2004). 37Rb/86Sr and 147Sm/144Nd ratios were calculated from
measured whole rock Rb, Sr, Sm and Nd contents determined
by ICP-MS. The JNDi-1 and BCR-2 standards measured during
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Fig. 1. Geological map of the Archean Kongling terrain. Inset shows major tectonic divisions of China, where YZ and SC denote the Yangtze craton and Cathaysia block,
respectively (Modified after Gao et al., 2011). Open and filled stars indicate sample localities from previous studies and this investigation, respectively.
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Table 1
Sample description and GPS co-ordinates.

Sample Lithology Latitude (°N) Longitude (°E) Mineral assemblage in the sample
KH119 Trondhjemitic gneiss 31°10'47.2" 111°05'46.1" PI(45%), Qtz(35%), Bi(10%)

KH128 A-type granitic gneiss 31°15'06.2” 111°10'04.6” Kfs(50%), Qtz(25%), P1(10%), Bi(5%)
KH130 A-type granitic gneiss 31°15'06.2” 111°10'04.6” Kfs(45%), Qtz(30%), P1(10%), Bi(5%)
KH131 A-type granitic gneiss 31°14'56.0" 111°10'12.7” Kfs(50%), Qtz(25%), P1(10%), Bi(5%)
KH132 Granitic gneiss 31°12'42.7" 111°10'11.5” P1(40%), Qtz(30%), Kfs(15%), Bi(5%)
KH163 Granitic gneiss 31°10'33.1” 111°15'05.4” P1(35%), Qtz(35%), Kfs(10%), Bi(10%)
KH174 A-type granitic gneiss 31°08'15.4" 111°13'18.3” Kfs(60%), Qtz(20%), P1(5%), Bi(5%)
KH175 Trondhjemitic gneiss 31°07'35.0” 111°12'56.3” P1(40%), Qtz(40%), Bi(10%)

KH183 Trondhjemitic gneiss 31°10'33.1” 111°14'0.03” P1(45%), Qtz(35%), Bi(10%)

KH184 Granitic gneiss 31°14'29.4" 111°11'40.7” P1(35%), Qtz(30%), Kfs(15%), Bi(10%)

Abbreviations. Bi, biotite; Kfs, K-feldspar; Ms, muscovite; Pl, plagioclase; Qtz, quartz.

the analytical course gave '*3Nd/!44Nd of 0.512094 + 7 (20, n=1)
and 0.512611+2 (20, n=1), respectively. NISTSRM987 standard
yielded 87Sr/86Sr=0.710271 £+ 8 (20, n=2).

3.2. Zircon CL imaging, U-Pb and Lu-Hf analyses

Zircons were separated by conventional magnetic and heavy-
liquid methods and then were selected, according to size, color,
shape and turbidity under a binocular microscope, and mounted
on a double-sided tape, cast in epoxy resin and then polished to
expose even and intermediate surfaces.

3.2.1. CLimaging

Prior to in situ U-Pb and Hf isotopic analyses, cathodolumines-
cence (CL) images of zircons were conducted by a Quanta 400 FEG
High Resolution Emission Field Environmental Scanning Electron
Microscope connected to an Oxford INCA350 energy dispersive
system (EDS) and a Gatan Mono CL3+ cathodoluminescence (CL)
system at the State Key Laboratory of Continental Dynamics, North-
west University.

3.2.2. LA-ICP-MS U-Pb dating

U-Pb dating and trace element analyses of zircon were con-
ducted synchronously by LA-ICP-MS at the State Key Laboratory
of Geological Processes and Mineral Resources, China University
of Geosciences, Wuhan. Laser sampling was performed using a
GeoLas 2005 excimer ArF laser-ablation system (Lambda Physik,
Gottingen, Germany). An Agilent 7500a ICP-MS instrument was
used to acquire ion-signal intensities. Detailed operating conditions
for the laser ablation system and the ICP-MS instrument and data
processing are the same as description by Liu et al. (2008c,2010a, b).

Our measurements of the reference zircon GJ-1 treated as
an unknown during the runs of the Kongling zircons yielded a
weighted mean 296Pb/238U age of 599.8 Ma (10, MSWD =6, n =40),
which is in good agreement with the apparent ID-TIMS 206pb,238y
ages of 598.3-602.7 Ma (Jackson et al., 2004).

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

Hf isotope analysis was carried out on a Neptune Plus MC-ICP-
MS (Thermo Fisher Scientific, Germany), in combination with the
GeoLas 2005 in the State Key Laboratory of Geological Processes
and Mineral Resources, China University of Geosciences, Wuhan.
Detailed operating conditions for the laser ablation system and the
MC-ICP-MS instrument and data calibrating and processing were
reported in Hu et al. (2012). The major limitation to accurate in situ
zircon Hf isotope determination by LA-MC-ICP-MS is the very large
isobaric interference from 176Yb and, to a much lesser extent 176Lu
on '76Hf (Woodhead et al., 2004). Interference of 176Lu on 176Hf was
corrected by measuring the intensity of the interference-free 17°Lu
isotope and using the recommended 176Lu/!7>Lu ratio of 0.02656
(Blichert-Toft et al., 1997) to calculate 176Lu/177Hf ratios. Similarly,

the interference of 176Yb on 176Hf was corrected by measuring
the interference-free 173Yb isotope and using the recommended
176yb/173Ybratio 0of 0.7962 (Chu et al., 2002) to calculate! 76 Hf/177Hf
ratios. The analysis was done on the similar age domains of age
determinations, as guided by CL images. Off-line selection and
integration of analytical signals, and mass bias calibrations were
performed using ICPMSDataCal (Liu et al., 2010a).

The obtained '76Hf/'77Hf ratios using this technique are
0.2822905 +0.0000035 (10, MSWD=2.6, n=89) for 91500,
0.282019+£0.000004 (10, MSWD=4.5, n=87) for GJ-1. These
results are identical, within 2o, with the recommended 76Hf/177Hf
ratios for 91500 (0.2823075 + 58, 20) (Griffin et al., 2006; Wu et al.,
2006) and GJ-1 (0.282015 + 0.000019, 2¢) (Elhlou et al., 2006).

3.2.4. Constants and calculation parameter

A decay constant of 1.865 x 1011 a~1 for 176Lu (Scherer et al.,
2001; Soderlund et al., 2004), present-day 176Hf/177Hf=0.282772
and 176Lu/'77Hf=0.0332 for the chondritic uniform reser-
voir (CHUR) (Blichert-Toft and Albarede, 1997), present-day
176Hf/177Hf=0.28325 and !76Lu/'77Hf=0.0384 for the
depleted mantle (Griffin et al, 2000) and a mean value of
176Lu/177Hf=0.0093 for the upper continental crust (Vervoort
and Patchett, 1996) were employed in this study. The initial
1764f/177Hf (176Hf/177Hf(t)) ratio of respective zircon domain
was calculated using the measured 207Pb/206Pb ages, 176Hf/177Hf
values and 176Lu/177Hf values of each spot (Appendix Table 2). The
single-stage model ages (Tpy1 ) of respective zircon domains were
calculated relative to the depleted mantle recommended in Griffin
et al. (2000).

Supplementary data related to this article found, in the online
version, at http://dx.doi.org/10.1016/j.precamres.2012.10.017.

For the calculation of initial ey¢ values (ey¢(t)) and the two-stage
model ages (Tpwmz ), two steps were taken. First, the '76Hf/177Hf(t)
value of respective zircon domain was calculated using the mea-
sured 297Pb/206pPb age, 176Hf/177Hf value and 176Lu/'77Hf value of
each spot. By means of this procedure, many zircon analyses from
individual gneiss samples plot on linear arrays or have, within error,
similar 176Hf/177Hf(t) ratios in the 176Hf/177Hf(t) vs 207 Pb/206Pb age
diagrams (Fig. 7). Given the case that the initial 176Hf/177Hf values of
all of these zircon analyses are identical, within error, such an array
or similarity suggests that all these zircons crystallized at the same
time, but some of them underwent multiple Pb loss subsequently,
while maintaining similar 176Hf/177Hf(t) ratios (Amelin et al.,
2000; Zeh et al., 2007; Gerdes and Zeh, 2009). Second, for cores
older than 3.0Ga, the values of ey¢(t) and Tpyp were calculated
using the weighted average age of the concordant cores. Similarly,
for rims younger than 2.1 Ga, the values of eys(t) and Tpy, were
calculated using the weighted average age of the concordant rims.
For other zircon analyses that plot on such an array or have similar
176Hf/177Hf(t) ratios, the values of eys(t) and Tpymp Were calculated
employing the respective magma crystallization age of each
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Fig. 2. Classification of the TTG and granitic rocks from the Kongling terrain using
normative anorthite (An), albite (Ab) and orthoclase (Or), with fields defined by
Barker (1979).

sample, determined by the weighted average age of concordant
(98-102% concordance level) analyses (Appendix Table 2).

. 14 - -
4. Analytical results 3 - KH130 -B- KH132
] B KH131 B KH119
; i 1 = KH174 -@- KH175
4.1. Major and trace element compositions o KH184 —— KH183

Results of major and trace elemental analyses of the 10 gneisses
from the Kongling terrain are listed in Table 2. All the inves-
tigated samples display high SiO, (67-76wt%) contents with
elevated Na,O contents (3.13-5.68 wt%) except KH131 (2.56 wt%)
and KH174 (1.96 wt%). Their K;O0 contents range from 1.30 to
5.46 wt% and Al,03 from 11.11 to 16.00 wt%. They are poor in fer-
romagnesian (TFe;03 + MgO + MnO +TiO, = 2.22-6.06 wt%). Based
on the normative An-Ab-Or triangle classification for granitoid
containing more than 10% modal or normative quartz (O’Connor,
1965; Barker, 1979), seven samples (KH128,KH130,KH131,KH132,
KH163, KH174 and KH184) plot in the granite field and the other
three samples (KH119, KH175 and KH183) plot in the trondhjemite
field (Fig. 2).

According to REE distribution and trace element spider plots
(Fig. 3a and b), two obvious groups can be divided. Group I (blue
symbols in Fig. 3a and b) have relatively high REE (530-1074 ppm),
apparently negative Eu anomaly (Eu/Eu*=0.22-0.35), low #Mg
(19.51-22.63) (molar 100 x Mg/(Mg+Fe)) and low Lan/Yby
(10.3-24.2). They are intensively depleted in Sr-Eu-Ti and weakly
depleted in Nb and Ta, typical features of A-type granites (Whalen
et al., 1987; Eby, 1990; Bonin, 2007). In contrast, Group II (red and
green symbols in Fig. 3a and b) exhibits lower REE (71.4-166 ppm),
slightly or no negative Eu anomaly (0.56-1.09), higher #Mg
(34.1-59.42) and elevated Lay/Yby (10.4-87.3). They are enriched
in Pb and depleted in Nb-Ta-Ti, typical features of TTG suites (Jahn
etal.,, 1981; Martin, 1994; Condie, 2005; Martin et al., 2005; Moyen
and Martin, 2012). The characteristics of mineralogy and geochem-
istry of these rocks suggest that samples KH128,KH130,KH131 and
KH174 are A-type granitic gneisses, KH132, KH163 and KH184 are
granitic gneisses and KH119, KH175 and KH183 are TTG gneisses.

4.2. Zircon CL images, U-Pb and Lu—Hf analyses

4.2.1. A-type granitic gneisses
4.2.1.1. KH128. For this sample, 33 in situ U-Pb dating analyses
were carried out (Appendix Table 1). CL images of most zircon
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Fig. 3. Chondrite-normalized rare earth element patterns (a) and primitive mantle-
normalized trace element distributions (b) of rocks from the Kongling terrain. Blue,
green and red symbols denote A-type granitic, granitic and trondhjemitic gneisses,
respectively. Chondrite and primitive mantle values are taken from Taylor and
McLennan (1985) and McDonough and Sun (1995), respectively. (For interpreta-
tion of the references to color in this figure legend, the reader is referred to the web
version of this article.)

crystals display oscillatory zoning with dark and thin overgrowth
and some grains are structureless or complex (Fig. 4a). All the Th/U
ratios of the zircons from this sample are >0.3 (0.31-0.62) (Fig. 5).
The individual 207Pb/296Pb ages range from 2450 to 2733 Ma and
19 concordant analyses yield relatively similar 207Pb/206Pb ages
(2591-2698 Ma), with a weighted average of 2645 4+ 15Ma (n=19,
MSWD =0.9) (Fig. 6a). This age is identical, within error, to the
upper intercept age of 2625+ 23 Ma (n=33, MSWD=2.1) formed
by 14 discordant analyses plus the 19 concordant analyses (Fig. 6a).
Hence, the time of 2645 4+ 15 Ma is interpreted as the intrusion age
of this sample.

Supplementary data related to this article found, in the online
version, at http://dx.doi.org/10.1016/j.precamres.2012.10.017.

A total of 29 Lu-Hf analyses were obtained (Appendix Table 2).
As shown in Fig. 7a, all Lu-Hf analyses have homogeneous initial
176Hf/177Hf ratios of 0.281109-0.281196. Their &y(t) values range
between 0.52 and 3.60 and Tpy, values between 2842 and 3027 Ma
(Appendix Table 2).

4.2.1.2. KH130. A total of 28 zircon spots for KH130 were ana-
lyzed for U-Pb isotopes (Appendix Table 1). Most zircon domains
are weakly zoned and some display a complex structure (Fig. 4b).
All the Th/U ratios of the 28 spots are >0.3 (Fig. 5). Like KH128, it
yields 207Pb/206Pb ages of 2435-2658 Ma and a weighted average
0f 2622 +14Ma (n=15, MSWD =0.4) is produced by 15 concordant
age spots (Fig. 6b). This age is identical with the upper intercept age
of 2622 £ 19 Ma (n =28, MSWD =2.9) (Fig. 6b). Thus, the concordia
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Table 2
Chemical compositions of rocks from Kongling terrain, South China.

KH119 KH128 KH130 KH131 KH132 KH163 KH174 KH175 KH183 KH184
SiO, 71.4 715 724 70.7 71.3 70.7 76.4 72.3 67.9 72.3
TiO; 0.22 0.31 0.43 0.69 0.25 0.30 0.30 0.33 043 0.20
Al 03 15.3 13.8 13.2 12.7 13.7 15.7 11.1 13.7 16.0 14.6
TFe,04 2.28 297 3.41 5.21 2.50 1.78 2.53 3.20 3.34 1.48
TFeO 2.05 2.67 3.07 4.69 225 1.60 2.28 2.88 3.01 1.33
MnO 0.02 0.06 0.06 0.06 0.03 0.02 0.02 0.04 0.03 0.02
MgO 0.59 0.36 0.47 0.62 1.83 0.66 0.37 1.05 1.44 0.67
Ca0 2.47 1.48 1.09 2.02 1.53 2.12 0.70 2.65 2.59 0.93
Na,O 5.68 3.15 3.28 2.56 3.13 4.66 1.96 4.27 5.00 4.18
K,0 1.46 5.26 4.62 4.79 4.26 331 5.46 1.30 2.16 4.62
P,0s5 0.10 0.13 0.09 0.12 0.05 0.11 0.03 0.09 0.15 0.07
LOI 0.60 0.96 0.79 0.57 0.97 0.81 0.71 0.68 0.75 0.82
TOTAL 100 100 99.8 100 99.5 100 99.6 99.6 99.8 99.9
#Mg 34.10 19.51 21.61 19.22 59.42 42.58 22.63 39.62 46.30 47.52
TFeO/MgO 3.48 7.42 6.53 7.56 1.23 243 6.15 2.74 2.09 1.99
(Na,0+K20)/Ca0 2.89 5.68 7.25 3.64 4.83 3.76 10.60 2.10 2.76 9.46
Li 14.2 10.9 7.77 9.85 13.4 26.3 4.32 11.0 25.3 10.3
Be 1.37 6.52 1.40 231 0.82 242 1.00 1.54 1.39 1.67
Sc 1.87 7.64 5.69 16.5 5.53 3.99 333 5.10 5.39 3.37
\ 28.7 6.00 6.71 8.73 328 19.4 441 25.7 39.0 13.4
Cr 154 8.82 6.71 216 106 4.95 1.88 4.94 7.74 5.29
Co 5.28 3.31 4.90 4.90 11.6 4.21 229 8.54 7.24 3.15
Ni 6.51 6.16 5.47 9.35 75.3 3.79 2.56 8.64 6.19 3.49
Cu 4.11 9.97 453 2.52 234 7.12 24.2 21.7 3.32 134
Zn 30.3 47.9 36.6 71.7 48.0 46.5 30.1 40.7 66.6 275
Ga 17.7 24.1 21.0 23.8 15.9 20.1 18.6 171 211 19.6
Rb 32.8 205 127 137 118 89.3 114 48.1 60.8 105
Sr 552 127 197 166 305 1123 141 302 855 249
Y 4.85 76.9 45.2 148 3.89 9.93 46.5 10.3 6.90 14.5
Zr 172 540 746 1058 69.9 140 702 94.6 124 105
Nb 2.46 36.0 12.13 102 3.60 5.02 13.9 4.47 5.79 7.83
Mo 0.38 3.56 3.05 5.76 1.00 0.15 0.74 0.19 0.13 0.12
Sn 0.49 3.86 0.35 3.53 0.47 2.52 2.95 1.01 1.73 1.73
Cs 0.94 1.77 1.31 1.52 2.32 1.86 0.68 1.79 2.14 1.36
Ba 454 609 884 735 974 1488 1188 282 490 659
La 48.0 129 219 255 17.9 33.6 183 38.2 254 234
Ce 78.9 230 372 466 30.1 74.0 331 75.9 50.4 47.8
Pr 7.44 24.5 42.6 56.4 3.67 8.74 36.5 7.94 5.56 5.12
Nd 238 833 119 170 129 334 131 27.0 20.3 17.9
Sm 2.96 14.0 16.0 30.1 2.00 5.63 21.5 3.92 3.49 3.27
Eu 0.76 1.5 13 2 0.62 1.08 13 1.0 0.96 0.6
Gd 2.06 12.2 11.18 26.9 1.52 3.75 16.3 2.63 2.53 2.86
Tb 0.23 2.00 1.47 4.60 0.18 0.46 2.22 0.34 0.31 0.44
Dy 1.04 124 7.99 271 0.87 2.12 10.5 1.81 1.44 245
Ho 0.17 2.59 1.82 5.24 0.16 0.36 1.91 0.37 0.24 0.51
Er 0.46 7.91 6.04 14.51 0.37 0.88 5.15 1.03 0.62 1.42
Tm 0.06 1.30 1.10 2.07 0.05 0.11 0.76 0.16 0.07 0.20
Yb 0.37 8.40 7.93 12.03 0.29 0.74 5.12 1.12 0.46 1.52
Lu 0.06 1.23 135 1.66 0.04 0.11 0.79 0.18 0.07 0.21
Hf 4.51 12.2 17.1 25.1 2.02 3.73 19.2 2.39 3.24 2.90
Ta 0.12 1.18 0.45 3.72 0.27 0.59 0.31 0.23 0.33 0.66
Tl 0.24 0.88 0.67 0.66 0.68 0.69 0.63 0.41 0.50 0.80
Pb 14.8 309 26.9 28.0 16.3 171 24.6 8.41 10.9 27.9
Th 6.38 222 48.7 423 3.40 532 31.0 5.70 2.88 9.70
U 0.44 2.85 4.22 3.32 0.68 0.45 2.10 0.37 0.30 2.21
REE 166 530 809 1074 70.8 165 746 162 112 108
Lan/Yby 87.3 10.3 18.6 143 414 30.8 24.2 23.1 375 10.4
10000 Ga/Al 2.19 3.29 3.00 3.54 220 242 3.16 2.35 249 2.54
Eu/Eu* 0.93 0.35 0.31 0.22 1.09 0.72 0.22 0.93 0.99 0.56

Major element concentrations are reported in weight percent and trace and rare element concentrations in parts per million (ppm).

age of 2622 + 14 Ma is interpreted as the emplacement time of this
sample.

Twenty-five zircon spots were analyzed for Lu-Hf isotopes
(Appendix Table 2). The results reveal that 23 spots have relatively
homogeneous initial 176Hf/177Hf ratios between 0.281102 and
0.281179 with the other two analyses of 0.281065 and 0.281249
(Fig. 7b). Their eyg(t) values range from —1.57 to 5.04 and Tppp
values from 2745 to 3094 Ma (Appendix Table 2).

4.2.1.3. KH131. Thirty-three dating spots were conducted for this
sample (Appendix Table 1). The CL images reveal that some zircon

grains have oscillatory zoning and others are completely struc-
tureless (Fig. 4c). Furthermore, the Th/U ratios of these 33 zircons
are 0.16-0.52 with an average of 0.38 (Fig. 5). Their 207 Pb/206ph
ages range from 2273 to 2694 Ma (Appendix Table 1) and 14 con-
cordant analyses yield a weighted average of 2640+ 18 Ma (n= 14,
MSWD =0.7). This age is slightly older than the upper intercept age
of 2600 + 18 Ma (n=33, MSWD =1.2) (Fig. 6¢). The concordant age
of 2640 + 18 Ma is interpreted as the intrusion age of this sample.
Relatively homogeneous initial 176Hf/177Hf ratios of
0.281069-0.281220 were obtained from 28 Lu-Hf analyses
(Appendix Table 2). However, another analysis (KH131-02) yields
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a higher initial ratio of 0.281292 (Fig. 7c). All the ey(t) values range
between —0.98 and 6.96 and their Tpy; values vary from 2679 to
3079 Ma (Appendix Table 2).

4.2.1.4. KH174. For this sample, twenty-four U-Pb analyses were
acquired (Appendix Table 1). Most of these zircons are weakly
zoned and some of them display a core-rim structure (Fig. 4d) in
which the rims are structureless and thin. The Th/U ratios of almost
all analyses are >0.3 (Fig. 5). The 207Pb/206Pb ages of 17 concord-
ant analyses range from 2613 to 2728 Ma with a weighted average
age of 2671 +£17Ma (n=17, MSWD =0.8) (Fig. 6d). This age, within
error, agrees well with the upper intercept age of 2685+ 19 Ma
(n=24, MSWD =0.6) obtained from all spots (Fig. 6d). The concord-
ant age of 2671+ 17 Ma is interpreted as the time of the protolith
intrusion.
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Fig. 5. Variation of zircon Th/U ratio with age for sample from the Kongling ter-
rain. Blue, green and red symbols denote A-type granitic, granitic and trondhjemitic
gneisses, respectively. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Lu-Hf analyses were conducted on 18 zircon spots (Appendix
Table 2). The results reveal that they show a larger scatter of ini-
tial 176Hf/177Hf ratios between 0.280804 and 0.281299 (Fig. 7d).
However, 14 Hf isotopic analyses yield relatively homogeneous
initial '76Hf/177Hf ratios of 0.281148-0.281299 (Fig. 7d). Their
epf(t) values vary from 2.54 to 7.93 and their Tpy values are
between 2650 Ma and 2927 Ma (Appendix Table 2). The other
four analyses have considerably lower initial 176Hf/177Hf ratios
below 0.2810. Their CL images and Th/U ratios are similar to those
yielding higher initial 176Hf/177Hf ratios and they are all nearly
concordant (97-100% concordance level). Their ey¢(t) values range
between —9.67 to —2.71 and their Tpy values are of 3186-3514 Ma
(Appendix Table 2).

4.2.2. Granitic gneisses

4.2.2.1. KH184. Thirty U-Pb dating spots were conducted for this
sample (Appendix Table 1). Compared to those zircons discussed in
the foregoing samples, zircons from KH184 are much smaller and
darker (Fig. 8a). Some of them exhibit weakly oscillatory zoning
patterns and some are structureless (Fig. 8a). Their Th/U ratios are
of 0.01-0.17 (Fig. 5). Nine concordant analyses have 207Pb/206ph
ages between 2633 and 2727 Ma with a weighted average of
2691 +32Ma (n=9, MSWD = 1.6). This age is similar to or slightly
younger than the upper intercept age of 2729+20Ma (n=24,
MSWD =1.2) formed by the nine concordant analyses plus 15 dis-
cordant analyses (Fig. 9a). The concordant age of 2691 £32 Ma is
interpreted as the crystallization age of this sample.

Relatively homogeneous initial !76Hf/!77Hf ratios between
0.280992 and 0.281123 were obtained from 18 Lu-Hf analyses
(Appendix Table 2 and Fig. 7e). All the eyg(t) values are of —2.48
to 2.08 and their Tpyp values vary from 2965Ma to 3174 Ma
(Appendix Table 2).

4.2.2.2. KH163. CL images of most zircon domains reveal a
core-rim structure (Fig. 8b). As shown in Fig. 9b, 45 U-Pb age
analyses reveal two age populations from the rims and the cores
(Appendix Table 1):
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(1) 2.6-2.7 Ga, which is represented by 15 concordant U-Pb anal-
yses with apparent 207Pb/206pp ages between 2622 Ma and
2759 Ma (Appendix Table 1). CL images of these zircon crystals
reveal two dark zones (cores and rims), which are separated by
a bright and thin band (Fig. 8b). Most of the cores are character-
ized by oscillatory zoning patterns but rims are weakly zoned or
structureless (Fig. 8b). They have Th/U ratios ranging from 0.18
to 0.62 with an average of 0.38 (Fig. 5). They give a weighted
average 297Pb/206Pb age of 2707 + 24 Ma (n=15, MSWD=1.9),
which is, within error, consistent with the upper intercept age
of 2681 +37 Ma (n=40, MSWD =2.3) produced by four rim and
15 concordant and 21 discordant core analyses (Fig. 9b). The
concordant age is interpreted as the emplacement age of the
trondhjemitic magma.

~2.0Ga, which is denoted by three concordant rim spots
with 207Pb/206ph ages of 2003 +33Ma, 2024+35Ma and
2037 £+ 38 Ma (Fig. 9b). CL images reveal that they occur as rims
with weakly oscillatory zoning (Fig. 8b) and their Th/U ratios
are 0.01-0.05 (Fig. 5). This age is interpreted as the time of a
subsequent metamorphic event.

(2)

Thirty-nine age spots were conducted for Lu-Hf analyses
(Appendix Table 2), of which 37 core spots yield relatively homo-
geneous initial 176Hf/177Hf ratios of 0.280972-0.281089 (Fig. 7f).
Their eye(t) and Tpyp are between —3.19 and 0.95 and between
3006 Ma and 3204 Ma, respectively (Appendix Table 2). The other
two Lu-Hf analyses were carried out on the rims (KH163-36 and
KH163-55), yielding relatively higher initial 176Hf/'77Hf ratios of
0.281095 and 0.281107 (Fig. 7f). Their ey¢(t) values are —14.39 and
—13.92 and their Tpyp values are 3251 and 3194 Ma, respectively
(Appendix Table 2).

4.2.2.3. KH132. For this sample, 47 U-Pb dating spots were carried
out (Appendix Table 1). Almost all zircon grains display a core-rim
structure (Fig. 8c). The rims are too thin to be dated so the ages
were all obtained from zircon cores. As shown in Fig. 9¢c, two age
populations can be divided:

(1) 3.1-3.2Ga, which is represented by 7 concordant analyses with
apparent 207Pb/206pPh ages of 3164-3284 Ma (Appendix Table
1). As displayed in CL images (Fig. 8c), most of these age
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domains occur as oscillatory zoned cores with thin and struc-
tureless rims. The Th/U ratios of all these spots are >0.3 except
spot KH132-02 (0.08) (Fig. 5). They give a weighted average
age of 3229442 Ma (n=7, MSWD =2.5), which is identical to
the upper intercept age of 3231 +34Ma (n=16, MSWD=2.4)
formed by 9 discordant analyses and the 7 concordant analyses
(Fig. 9c).

(2) 2.8-2.9Ga, which is denoted by 9 concordant age analyses with

apparent 207Pb/206pp ages ranging from 2850 Ma to 2973 Ma
(Appendix Table 1). These zircon domains occur as cores and
show oscillatory zoning patterns with thin and structureless
rims (Fig. 8c). All their Th/U ratios are >0.3 (Fig. 5). They,
along with 22 discordant analyses, give an upper intercept
age of 2901 4+ 27 Ma (n=31, MSWD =4.3), which is identical to

the weighted average age of 2904 +31Ma (n=9, MSWD=1.6)
yielded by the 9 concordant analyses (Fig. 9c).

The formation age of this sample can be interpreted in two sce-
narios. First, the ~3.2 Ga zircon cores were inherited or captured,
so the magma intrusion happened at ~2.9 Ga. Alternatively, this
gneiss have a migmatitic genesis, and so the ~3.2Ga and ~2.9Ga
represented two ages of distinct magmatic events. No matter which
scenario is chosen, the ~3.2 Ga and the ~2.9 Ga zircons represent
two different magmatic events.

Forty Lu-Hf analytical results (Appendix Table 2) reveal that
the 3.1-3.2 Ga zircon spots have relatively homogeneous initial
176Hf/177Hf ratios of 0.280603-0.280728 and the 2.8-2.9Ga zir-
con domains have initial 176Hf/177Hf ratios between 0.280785 and
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0.280928 (Fig. 7g), which provide evidence that the two zircon
groups were crystallized in two distinct magmatic events. The
epf(t) values of the older zircon cores vary from —3.87 to 0.57 and
their Tpyp from 3467 to 3695 Ma (Appendix Table 2). In contrast,
slightly lower ey¢(t) (—5.04 to 0.05) and Tpwmz (3251-3529 Ma) were
obtained from the younger zircon domains (Appendix Table 2).

4.2.3. Trondhjemitic gneisses

4.2.3.1. KH119. For this sample, 50 U-Pb dating analyses were con-
ducted (Appendix Table 1). CL images of most zircon grains show a
core-mantle-rim structure (Fig. 8d). Accordingly, three age groups
can be distinguished, as shown in Fig. 9d:

(1) 3.2 Ga, which is represented by one concordant zircon core
analysis (KH119-26) with 207Pb/206Pb age of 3217 +31Ma.
The core is characterized by weak oscillatory zoning pattern
(Fig. 8d) with Th/U ratio of 0.49 (Fig. 5). We suggest that this
old core was captured or inherited and its age may reflect the
time of an ancient magmatic event.

(2) 2.8-2.9Ga, which is represented by 9 concordant analyses
with 207Pb/206Pp ages ranging from 2861 to 2980 Ma. Some of
the zircon crystals are characterized by clear oscillatory zon-
ing patterns, while others are weakly zoned or structureless
(Fig. 8d). The Th/U ratios of these spots range from 0.05 to
0.57 with an average of 0.35 (Fig. 5). These concordant anal-
yses yield a weighted average 207 Pb/206Pb age of 2909 + 30 Ma
(n=9,MSWD =1.9), whichis, within error, identical to the upper
intercept age of 2932+2 9Ma (n=25, MSWD =1.3) obtained
from three rim analyses, 13 discordant mantle ages and the 9
concordant mantle ages (Fig. 9d). Thus the concordant age of

2909 +30Ma for sample KH119 is interpreted as the time of
the protolith intrusion.

(3) 2.0Ga, which is denoted by three concordant U-Pb anal-
yses with 207Pb/206pph age of 1998-2067 Ma. They yield a
weighted average of 2023 +38 Ma (n=3, MSWD =1.2), similar
to the lower intercept age of 2039 +40 Ma (n=25, MSWD=1.3)
(Fig.9d). All of them occur as weakly zoned or structureless rims
(Fig. 8d) and their Th/U ratios are of 0.07-0.24 (Fig. 5). This age
is interpreted as the time of a Paleoproterozoic metamorphic
thermal event.

Twenty-eight Lu-Hf isotope analyses were obtained (Appendix
Table 2). For the zircon mantle domains, 24 Lu-Hf analyses
yielded relatively similar initial 176Hf/177Hf ratios from 0.280863
to 0.280950 (Fig. 7h). They yielded ey¢(t) values between —2.09
and 0.95 and Tpyp values of 3214-3388 Ma (Appendix Table
2). A relatively lower initial 176Hf/177Hf ratio (0.280774) was
obtained from the older core and three relatively higher values
(0.281082-0.281091) were obtained from the concordant younger
rims (Fig. 7h). The ey¢(t) value of the older core is 1.96 and its Tpy
value is 3392 Ma, whereas the ey¢(t) values of the younger rims are
between —14.36 and —14.70, with Tpyp values of 3209-3243 Ma
(Appendix Table 2).

4.2.3.2. KH175. A total of 35 U-Pb dating analyses were obtained
(Appendix Table 1). CL images of most the zircons display a
core-rim structure (Fig. 8e). Two age populations can be distin-
guished for the core and rim domains, as shown in Fig. 9e:

(1) 2.8-2.9Ga, which is represented by 15 concordant U-Pb analy-
ses with apparent 207 Pb/206pb ages of 2872-2976 Ma. CLimages
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Table 3
Sr-Nd sotopic compositions of rocks from Kongling terrain.
Sample 87Sr/86Sr 20 87Rb/86Sr 143Nd/144Nd 20 1475m/144Nd Age (Ma) Towmi (Ga) Tomz (Ga) ena(0) ena(t)
KH119 0.710754 5 0.171639 0.510393 7 0.07523 2909 3.01 3.05 -43.8 1.59
KH128 0.917031 7 4.685439 0.510943 2 0.10190 2645 2.99 3.01 -33.1 -0.74
KH128(R) 0.917028 5 0.510938 4
KH130 0.782362 6 1.859029 0.51067 7 0.08160 2622 2.84 2.89 -38.4 0.87
KH131 0.864533 4 2.390731 0.510962 7 0.10688 2640 3.10 3.11 -32.7 —-2.08
KH132 0.739135 4 2330610 0.510585 3 0.09940 2904 339 343 —40.0 -3.74
KH163 0.711402 4 1.122387 0.510827 7 0.09357 2707 2.93 297 -353 -0.16
KH174 0.802395 6 0.230129 0.510939 6 0.10171 2671 2.99 3.01 -33.1 -0.75
KH175 0.725807 5 0.461164 0.51056 2 0.08766 2937 3.11 3.15 —-40.5 0.19
KH183 0.711203 5 0.205570 0.51072 4 0.10421 2907 3.36 337 -37.4 -2.89
KH184 0.759538 5 1.222160 0.511046 3 0.11026 2691 3.08 3.07 -31.1 -1.59

Tomz and enq(t) were calculated using the respective sample crystallization age. R denotes repeated analysis.

of most cores display oscillatory zoning patterns and some of
them are weakly zoned or completely structureless (Fig. 8e).
The Th/U ratios of these concordant spots are >0.27 (Fig. 5).
They yield a weighted average 207 Pb/206Pb age of 2937 + 16 Ma
(n=15, MSWD=0.8), which is, within error, identical to or
slightly younger than the upper intercept age of 2974 4+ 24 Ma
(n=35, MSWD=1.1) given by the 7 rim and 13 discordant and
the 15 concordant core analyses (Fig. 9e). This concordant age
of 2937 16 Ma is interpreted as the crystallization age of the
sample.

(2) 1.9-2.0Ga, which is denoted by six concordant analyses with
apparent 207Pb/206pPb ages between 1950 Ma and 2055 Ma. All
of them occur as rims and are weakly zoned or structure-
less (Fig. 8e). Their Th/U ratios are of 0.08-0.21 (Fig. 5). They
give a weighted average of 1999 +28Ma (n=6, MSWD=1.1)
(Appendix Table 1). This concordant age is similar to the lower
intercept age of 1998 +33 Ma (n=35, MSWD =1.1) (Fig. 9e).

Twenty-three Lu-Hf analyses of zircon cores yield initial
176Hf/177Hf ratios between 0.280886 and 0.281005 (Appendix
Table 2 and Fig. 7i). The ey¢(t) values are between —0.60 and 3.55
and their Tpy values are of 3086-3296 Ma (Appendix Table 2).
Relatively higher initial 7SHf/177Hf ratios (0.281019-0.281072)
were obtained for the rim analyses. Their eys(t) and Tpyo values
are between —17.46 and —15.25 and between 3246 and 3348 Ma
(Appendix Table 2).

4.2.3.3. KH183. Forty-five zircon spots from this sample were car-
ried out for U-Pb dating (Appendix Table 1). CL images of most
zircons are characterized by a core-mantle-rim structure (Fig. 8f).
However, the cores are usually very small and the rims are very thin
(Fig. 8f). Three age populations can be divided for the core, mantle
and rim domains, respectively (Fig. 9f):

(1) 3.2Ga, which is represented by two concordant core analyses
with apparent 297Pb/206Pb ages of 3266+34Ma (KH183-
06) and 3247 +30Ma (KH183-17). They are characterized by
apparent oscillatory zoning (Fig. 8f) and their Th/U ratios are
0.58 and 0.40 (Fig. 5). They are interpreted as inherited or cap-
tured.

(2) 2.8-2.9Ga, which is denoted by 20 concordant analyses with
apparent 207Pb/206ph ages between 2861 Ma and 2984 Ma
(Appendix Table 1). Most of these zircon domains are clearly
oscillatory zoned (Fig. 8f) and their Th/U ratios range from
0.28 to 1.10 with an average of 0.51 (Fig. 5). These age spots,
plus one concordant rim analysis and 22 discordant man-
tle analyses, form a discordia line with an upper intercept
age of 2939+26Ma (n=43, MSWD=1.4), which is, within
error, identical with the weighted average 207Pb/296Pb age of

2907 +15Ma (n=20, MSWD=0.6) obtained from the 20 con-
cordant analyses (Fig. 9f). This concordant age is interpreted as
the emplacement age of the trondhjemitic magma.

(3) 2.0Ga, which is represented by only one concordant rim anal-
ysis with apparent 207Pb/206Pb age of 2021 + 37 Ma (Appendix
Table 1). It is clearly oscillatory zoned with Th/U ratio of 0.09
(Figs. 5 and 8f). This concordant age is similar to or slightly
older than the lower intercept age of 1907 £ 66 Ma (n=43,
MSWD =1.4) (Fig. 9f). The concordant age is interpreted as a
Paleoproterozoic metamorphic age.

Forty-two spots were analyzed for Lu-Hf isotope compositions
(Appendix Table 2). The initial '76Hf/177Hf(t) ratios of the two old-
est cores are 0.280693 and 0.280777 and their ey¢(t) values are 0.51
and 3.12 with Tpy values of 3513 and 3373 Ma (Appendix Table
2). The Lu-Hf analytical results of 39 spots for the mantle domains
reveal homogeneous initial '76Hf/177Hf ratios between 0.280801
and 0.280907 (Fig. 7j). Their ey¢(t) values vary from —4.32 to —0.54
and Tpy, values are 3260-3492 Ma (Appendix Table 2). In contrast,
the younger rim gives a relatively higher initial 176Hf/177Hf ratio
of 0.281267 and its ey¢(t) value is —8.17 with Tpyp of 2916 Ma
(Appendix Table 2).

4.3. Sr—Nd isotopic compositions

Whole rock Sr—Nd isotopic compositions of the 10 gneiss sam-
ples were listed in Table 3. Their eyq4(t) values and initial Sr isotope
compositions were calculated based on their formation ages. As
described below, samples KH119, KH132, KH175 and KH183 have
formation ages of ~2.9 Ga. Their enq(t) values are 1.59, —3.74, 0.19
and —2.89, respectively. Their Tpy values vary from 3.05 to 3.43 Ga
(Table 3). The other samples show formation ages of ~2.6-2.7 Ga.
Their eng(t) values range from —2.08 to 0.87 with Tpyp values of
2.84-3.08 Ga (Table 3).

5. Discussion

5.1. Zircon genesis from the combination of U-Pb and Lu-Hf
systematics

Zircon CL images, Th/U ratios and U-Pb ages are the general
methods to distinguish zircon growth from alteration. However,
none of these methods can offer unambiguous interpretation on
the age implication for the following two reasons. First of all,
although the Th/U ratios of igneous zircons are usually higher
than those of metamorphic zircons, there is no apparent bound-
ary value between them. Then, owing to subsequent Pb loss, zircon
domains formed during the same event may yield a wide scatter
of U-Pb ages. This makes the selection of certain zircon domains,
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when a discordia line is calculated, more ambiguous and difficult.
In this study, we use the combined set of CL images, Th/U ratios,
U-Pb ages and Lu-Hf isotopic compositions to conquer this prob-
lem.

The Lu-Hf system of zircon is more resistant to the change of
external conditions than the U-Pb system and thus in many cases,
the U-Pb system was perturbed but the Lu-Hf system was able to
keep pristine (Patchett, 1983; Kinny et al., 1991; Kinny and Maas,
2003; Gerdes and Zeh, 2009). In general, three scenarios can be
observed in this study. In the first case, zircon domains of individual
samples yield, within error, identical 297Pb/206Pb ages and initial
176Hf/177Hf ratios. This case was observed from samples KH128,
KH130,KH131, KH184 and KH163 (Fig. 7a-c, e and f). Additionally,
most of the zircon CL images from the first three samples reveal
igneous oscillatory zoning patterns, although some complex struc-
tures cannot be excluded, and their Th/U ratios are usually higher
than 0.3 (Fig. 5). All these lines of evidence indicate that these zir-
condomains were, undoubtedly, crystallized from the same magma
(Rubatto, 2002; Corfu et al., 2003; Hoskin and Schaltegger, 2003).
However, the situation for sample KH163 and KH184 is more com-
plex than samples KH128, KH130 and KH131. The two samples will
be discussed below.

In the second case, some zircons reveal relatively identical
207pp206pph ages but show a wide scatter of initial 176Hf/177Hf
ratios over +0.0001. This case was only observed in sample KH174
(Fig. 7d). Zeh et al. (2009) considered that this phenomenon was
caused by crystallization within a short time interval from the
same magma, which yield a heterogeneous Hf isotopic composi-
tion. Because nearly all analyzed zircon domains yield relatively
identical 297Pb/296pPb ages, the U-Pb system, which is easier to
be disturbed than the Lu-Hf system, is still pristine, indicat-
ing the wide range of initial 176Hf/177Hf ratios was not caused
by post growth or alteration. Another possibility is source het-
erogeneity. Most analyzed zircon domains in this sample have,
within error, identical 297Pb/2%6Pb ages and initial 176Hf/177Hf
ratios to samples KH128, KH130 and KH131. Moreover, these
four samples have similar major and trace element compositions
(Figs. 2 and 3). Consequently, they might record the same magmatic
event.

In the third case, zircon domains crystallized from the same
magma have, within error, identical initial 176Hf/177Hf ratios but
yield a wide range of their corresponding 207 Pb/2%Pb ages result-
ing from various Pb loss via alteration (Amelin et al., 2000; Gerdes
and Zeh, 2009; Zeh et al., 2009). This is reflected by relatively
horizontal arrays in the 297Pb/206pb age vs '76Hf/177Hf(t) plots
and was observed in samples KH132, KH119, KH175 and KH183
(Fig. 7g-j). For zircon cores, they have lower initial 176Hf/177Hf
ratios and older 207Pb/206Pb ages and thus plot in the right bot-
tom of the 207Pb/2%Pb age vs 176Hf/177Hf(t) plots (KH132, KH119
and KH183) (Fig. 7g, h and j). Additionally, nearly all these cores
display apparent oscillatory zoning patterns (Fig. 8c, d and f) and
have high Th/U ratios (usually >0.3) (Fig. 5). All these features sug-
gest that these older cores were formed in an older magmatic
event (Rubatto, 2002; Corfu et al., 2003; Hoskin and Schaltegger,
2003). The zircon rims often yield higher initial 176Hf/177Hf ratios
and younger 207Pb/206Pb ages and thus plot in the upper left of
the 297Pb/206pb age vs 176Hf/177Hf(t) plots (KH119, KH175 and
KH183) (Fig. 7h-j). They are generally complex or structureless
in the CL images (Fig. 8b and d-f) and have lower Th/U ratios
(often <0.3) (Fig. 5), indicative metamorphic genesis. The zir-
con mantles of these four samples generally display apparently
magmatic oscillatory zoning patterns in CL images and evaluated
Th/U ratios (>0.3) (Fig. 5). Besides, they have identical 207 Pb/296Pb
ages and similar intermediate initial 176Hf/177Hf ratios (Fig. 7g-j),
inferring that these zircon domains record another magmatic
event.

12
~2.9|Ga
[l This study
104 [J Qiuetal, 2000
[l zhang etal., 2006a
_— [ Jiao et al., 2009
3 B Gaoetal, 2011
E
=}
c 6 -
2
S ~ ~
2 2.0 Ga 2.6-2.7 Ga ~3.2-3.3 Ga
©
n 44
24

1800 2100 2400 2700 3000 3300
Age (Ma)

Fig.10. Cumulative probability plot of zircon crystallization ages of TTG and granitic
gneisses from the Kongling terrain in this study and previous studies (Qiu et al., 2000;
Zhang et al., 2006a; Jiao et al., 2009; Gao et al., 2011).

5.2. Three Archean magmatic events

5.2.1. ~2.6-2.7 Ga A-type granites

Early at the end of the last century, Ling et al. (1998) acquired
two whole rock Sm-Nd isochron ages of 2742+83Ma and
2728+ 118 Ma for an amphibolite and a TTG gneiss from the
Kongling terrain. However, the obtained ages have very large errors.
Based on in situ zircon U-Pb dating, a couple of near concord-
ant zircons from TTG gneisses with ages around ~2.6-2.7 Ga were
obtained in the North Kongling terrain and these ages were inter-
preted as metamorphic ages (Qiu et al., 2000; Jiao et al., 2009;
Gao et al,, 2011). Zheng et al. (2006) reported several ~2.6 Ga zir-
con xenocrysts in Jingshan (2614Ma) and Zhenyuan (2632 Ma)
lower crustal xenoliths from the Yangtze craton. Thus, a wide
spread Archean basement was speculated beneath Yangtze craton.
Detrital zircons of this age were also found from metapelites and
Neoproterozoic sediments (Liu et al., 2008a; Gao et al.,2011). How-
ever, none of these studies provide unambiguous evidence for a
~2.6-2.7 Ga magmatic event.

The present study reports, for the first time, clear magmatic
~2.6-2.7 Ga zircon ages for four orthogneisses (KH128, KH130,
KH131 and KH174) in the eastern segment of the North Kongling
terrain (Fig. 10). Most of the concordant zircons are apparently
or weakly oscillatory zoned (Fig. 4a-d) and their Th/U ratios are
above 0.3 (Fig. 5). Besides, they have relatively homogeneous initial
176 4f/177Hf ratios and similar concordant ages of 2622-2707 Ma
(Fig. 6a-d). It is concluded that these ages represent the intrusion
age of a late Archean magmatism.

Apart from the similarity mentioned above, these four
samples also possess A-type granites affinity. They show
relatively high REE (530-1074ppm), apparently negative Eu
anomaly (Eu/Eu*=0.22-0.35), low #Mg (19.51-22.63) (molar
100 x Mg/(Mg +Fe)) and low Lay/Yby (10.3-24.2) (Fig. 3a). They are
intensively depleted in Sr—-Eu-Ti and weakly depleted in Nb and
Ta (Fig. 3b). Besides, they have high K-feldspar proportion (about
45-60%) and relatively evaluated (K, O + Na,0)/Ca0, TFeO/MgO, Zr,
Nb, Ce and Y contents (Fig. 11). Their 10,000 x Ga/Al ratios range
between 3.00 and 3.54 (Fig. 11). In the discrimination diagrams
of (K;0 +Na;0)/Ca0, TFeO/MgO, Zr, Nb, Ce and Y vs 10,000 x Ga/Al
ratios, they all plot in the A-type granites field, proposed by Whalen
etal.(1987)(Fig. 11). All these features suggest that the protoliths of
these four gneisses are A-type granites (Loiselle and Wones, 1979;
Collins et al., 1982; Whalen et al., 1987; Eby, 1990; King et al., 2001;
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Bonin, 2007). Thus, the present study reports, also for the first time,
the occurrence of Archean A-type granites in the Yangtze craton.
The other six samples, on the other hand, plot in the I, S & M-type
granite field (Fig. 11).

Like the four ~2.6-2.7Ga A-type granites mentioned above,
two other samples (KH184 and KH163) have crystallization ages
of ~2.6-2.7 Ga, too. However, geochemical and isotopic evidence
suggest that they are apparently different from the A-type gran-
ites. The ~2.6-2.7 Ga zircon ey¢(t) values of these two samples
(—14.49 to 2.08) are relatively lower than those of the four A-
type granites. The zircons of sample KH184 are relatively smaller
(50-100 pm) than those from other samples (Fig. 8a). They have
high Th (100-350 ppm) and U (1000-6000 ppm) contents and low
Th/U ratios (0.01-0.17) (Appendix Table 1). Some CL images reveal
oscillatory zoning patterns and some are structureless (Fig. 8a). In
addition, sample KH184 has similar trace element features with
the ~2.9 Ga TTGs (Fig. 3a and b). Hence, the protolith of this sample
might be country rock (~2.9 Ga TTG) of the ~2.6-2.7 Ga magma-
tism and these zircons were seriously modified and perturbed by
the ~2.6-2.7 Ga magmatism. As for sample KH163, it also has par-
allel trace element characteristics to the ~2.9 Ga TTGs (Fig. 3a and
b). Therefore, it is possible that zircons in this sample recrystallized
from the ~2.9 Ga zircons when the ~2.6-2.7 Ga magma emplaced.

5.2.2. 2.9 Ga magmatism

This magmatism was first reported as trondhjemitic emplace-
ment at 2.90-2.95 Ga in the western segment of the North Kongling
terrain by Qiu et al. (2000) and then was further confirmed by
Zhang et al. (2006¢). Zhang et al. (2006c) considered this mag-
matic event formed the major part of the whole Kongling terrain.
Recently, Gao et al. (2011) reported a magmatic event of the same
age in the South Kongling terrain and supported that the ~2.9 Ga
magmatism produced rocks dominating the whole Kongling ter-
rain. The ~2.9 Gaigneous zircons are also abundant in Precambrian

sedimentary rocks from the Kongling area (Qiu et al., 2000; Zhang
et al., 2006b; Liu et al., 2008a; Gao et al., 2011). However, these
studies do not cover the eastern part of the Kongling terrain. It
remains uncertain whether this magmatism is dominant in the
eastern part of the North Kongling terrain.

As described above, three TTG gneisses (KH119, KH175 and
KH183) and a granitic gneiss (KH132) dated from the eastern seg-
ment have emplacement ages of ~2.90-2.95Ga (Fig. 9c—f). The
concordant 2.9 Ga zircons in these samples exhibit apparent oscilla-
tory zoning patterns in the cores with very thin rims (Fig. 8c-f) and
have Th/U ratios >0.3 (Fig. 5), typical of igneous zircons. The results
indicate that the ~2.9 Ga magmatism was also abundantin the east-
ern segment of the North Kongling terrain. Taking all the available
age datasets (Fig. 10) into consideration (Qiu et al., 2000; Zhang
et al., 2006a; Jiao et al., 2009; Gao et al., 2011), nearly all segments
of the whole Kongling terrain experienced the magmatic event
of ~2.9Ga. Thus, it is now reasonable to conclude that the major
part of the Kongling terrain was produced by the ~2.9 Ga magma-
tism. Nevertheless, owing to the limited data, it is still vague that
whether this magmatism lasted from 2.90 to 2.95 Ga or occurred
as two or more episodic events. Apart from the Kongling terrain,
~2.9 Ga igneous zircons are also reported in other nearby areas in
South China, such as Huangtuling in the northern Dabie Orogen
(Sun et al,, 2008; Wu et al., 2008b) and Ningxiang (Zheng et al.,
2006), which may reflect the presence of widespread Mesoarchean
basement beneath the Yangtze craton.

5.2.3. ~3.2-3.3 Ga magmatism

The first evidence of >3.2 Ga zircons in the Kongling terrain was
reported by Qiu et al. (2000) and ~3.5-3.8 Ga zircons were subse-
quently observed in Neoproterozoic sediments along the southern
margin of the Kongling terrain (Zhang et al.,2006b; Liu et al.,2008a).
However, these ages were all obtained from detrital zircons and
thus their origin was ambiguous. The first evidence of >3.2Ga
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Table 4
Compilation of zircon U-Pb ages of TTG and granitic gneisses in the Kongling terrain.
Locality Sample  Rock type Age (Ma) 1o Origin Tomz Method Reference
North Kongling terrain ~ Eastern part KH119 Trondhjemite gneiss 2908 21 Magmatic 3.2-33Ga LA-ICP-MS This study
3233 32 Magmatic
2007 48 Metamorphic
KH128 Granitic gneiss 2640 17 Magmatic 2.9-3.0Ga
KH130 Granitic gneiss 2636 19 Magmatic 29-3.1Ga
KH131 Granitic gneiss 2601 29 Magmatic 2.7-3.0Ga
KH132 Granitic gneiss 2901 27  Magmatic 3.2-3.7Ga
3231 34 Magmatic
KH163 Trondhjemite gneiss 2733 20 Magmatic 3.0-3.2Ga
2023 51 Metamorphic
KH174 Granitic gneiss 2652 22 Magmatic 2.7-3.5Ga
KH175 Tonalitic gneiss 2957 17 Magmatic 3.1-3.3Ga
1995 45  Metamorphic
KH183 Trondhjemite gneiss 2901 18 Magmatic 3.2-3.5Ga
3255 44  Magmatic
2021 37 Metamorphic
KH184 Granitic gneiss 2735 40 Magmatic 29-3.2Ga
Western part KY05 Trondhjemite gneiss 2947 5 Magmatic No Hf data SHRIMP Qiu et al. (2000)
KY17 Trondhjemite gneiss 2903 10 Magmatic No Hf data
04YC97  Migmatite 2936 28 Magmatic 3.3-3.7Ga LA-ICP-MS Zhang et al. (2006a)
1980 72  Metamorphic
04YC104 Migmatite 2947 28 Magmatic 3.3-3.6Ga
3242 40 Magmatic
KY05 Trondhjemite gneiss 2930 44  Magmatic 3.3-3.6Ga
3182 175 Magmatic
Northern margin 06HLO9  Gneiss 3218 13 Magmatic 3.4-3.8Ga LA-ICP-MS Jiao et al. (2009)
Southern margin KH80 Granodiritic gneiss 3262 27 Magmatic 3.2-39Ga LA-ICP-MS Gaoetal. (2011)
1981 16  Metamorphic
KH84 Trondhjemite gneiss 3302 8 Magmatic 3.2-3.8Ga
South Kongling terrain KH89 Granodiritic gneiss 2950 15 Magmatic 3.3-3.8Ga LA-ICP-MS Gaoetal. (2011)

zircons in TTG gneiss was reported by Zhang et al. (2006a), who
identified several zircons with core U-Pb ages around 3.2 Gain two
migmatites and one trondhjemitic gneiss in the western part of the
North Kongling terrain. Jiao et al. (2009) reported an intrusion age
of 3218 & 13 Ma for a gneiss at the northeast edge of the Kongling
terrain. Gao et al. (2011) obtained a concordant 207Pb/206pPp age
of 3307 +7 (10)Ma for a trondhjemitic gneiss (KH84) along the
southern margin of the North Kongling terrain. This age was
interpreted as the age of the trondhjemitic magmatism, and the
gneiss represents the oldest known rock in South China.

In this study, we report 10 concordant zircon cores around 3.2 Ga
for three gneisses (KH119, KH132 and KH183) in the eastern part
of the North Kongling terrain. Most of these cores are character-
ized by apparently oscillatory zoning patterns and have Th/U ratios
>0.3 (Fig. 5), typical characteristics of igneous zircons. Furthermore,
there is an apparent age peak at about 3.2 Ga (Fig. 10). Regardless as
inherited or captured, these zircon cores crystallized from magma
distinct from their host rocks. The results confirm the existence of
late Paleoarchean to early Mesoarchean granitoid magmatism in
the Kongling terrain. Taken together, both the western and eastern
parts of the North Kongling terrain have ~3.2 Ga igneous zircons,
indicating that the scale of the oldest known magmatism is much
larger than previously thought. This oldest nucleus of the Yangtze
craton might have formed a certain size in the Late Paleoarchean to
Early Mesoarchean eon and was reworked by subsequent magmatic
or/and metamorphic events.

Apart from the above three magmatic events, four samples
(KH163, KH119, KH175 and KH183) yield metamorphic ages of
~2.0Ga for zircon rims. These age domains are structureless or
weakly zoned (Fig. 8b, d-f) and usually have Th/U ratios<0.3
(Fig. 5), indicative of metamorphic origin. Similar results were also
obtained by previous studies in the Kongling terrain (Qiu et al.,
2000; Zhang et al., 200643, c; Wu et al., 2009; Gao et al., 2011).
The ~2.0 Ga metamorphic ages are widespread in other areas of
the Yangtze craton (Compston et al., 1992; Ayers et al., 2002; Yang
et al., 2003; Bryant et al., 2004; Li et al., 2004; Huang et al., 2006),

and was interpreted as a result of orogeny possibly associated with
the assembly of the supercontinent Columbia (Zhang et al., 2006c;
Wau et al,, 2009).

5.3. Crustal growth and reworking

The TTG and granitic gneisses in the Kongling terrain are the
oldest rocks found in the Yangtze craton (Zhang et al., 2006a; Jiao
et al.,, 2009; Gao et al., 2011). Consequently, their genesis and evo-
lution is extraordinarily significant for understanding the time of
crustal extraction and reworking of South China. A compilation of
available concordant zircon ages of TTG and granitic gneisses from
this study and previous literature (Qiu et al., 2000; Zhang et al.,
2006a; Jiao et al., 2009; Gao et al., 2011) reveals three igneous
age peaks in Archean (~3.2-3.3 Ga, ~2.9 Ga and ~2.6-2.7 Ga) and
one metamorphic age peak in Paleoproterozoic (~2.0 Ga) (Table 4
and Fig. 10). Hence, the Kongling terrain experienced at least three
Archean magmatic events, and one Paleoproterozoic metamorphic
event.

Zircons crystallized at ~2.6-2.7 Ga have ey¢(t) values ranging
from —9.67 up to 7.93 (close to the depleted mantle value) (Fig. 13).
Their Tpp values vary from 3514 to 2650 Ma. Of them, 102 zircons
have eyg(t)>0 and they account for 65% of the ~2.6-2.7 Ga zircon
population, which is significantly greater than those for the two
older magmatic events. Although their whole rock eyq(t) are nearly
chondritic, previously studies revealed that Nd isotopes of the early
Archean gneisses do not faithfully record isotopic variations on the
early Earth (e.g. Vervoort et al., 1996). Therefore, our results clearly
indicate a considerably higher proportion of new crustal compo-
nent (about 65% of the whole magma) in the ~2.6-2.7 Ga granitoids
compared to the ~3.2-3.3 Ga and ~2.9 Ga TTGs. As a result, most
of the ~2.6-2.7 Ga zircons plot significantly above the evolution
arrays formed by the two older magmatic events. Our conclusion
agree well with age spectra of igneous and detrital zircons from
worldwide areas (Rino et al., 2004; Condie and Aster, 2009, 2010;
Condie et al., 2009, 2011; Condie and O’Neill, 2009;), which
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document that several age peaks between 2.65Ga and 2.76Ga
represent increases in the volume of juvenile continental crust.

There seems to be general agreement that the parental mag-
mas of A-type granites is derived either from partial melting of
mafic lower crust or from differentiation of crustally contaminated
mantle-derived magma in an extensional environment (Collins
etal., 1982; Whalen et al., 1987; Eby, 1990, 1992). Based on the tec-
tonic discrimination diagrams of Nb-Y (Fig. 12a) and Rb-(Y + Nb)
(Fig. 12b) (Pearce et al., 1984), the four A-type granites fall into
the WPG (within plate granites) field, while the other six sam-
ples plot in the VAG (volcanic arc granites) field. In the chemical
subdivision diagrams of A-type granitoids (Fig. 12c and d), all the
four A-type granites plot in the field of A,, type which represents
magmas derived from continental crust or underplated crust (Eby,
1992). However, the models proposed by Eby (1992) presumed that
the magmas were derived by partial melting of crustal materials
and he also noted that it is not possible, on the base of trace ele-
ments, to rule out a subcontinental mantle source for some A-type
granites. The ~2.6-2.7 magma in this study contains a large pro-
portion of juvenile materials, and then was contaminated by old
crustal components. This was documented by many positive zir-
con ey¢(t) values and a few negative ones (Fig. 13). Consequently,
we believe that the ~2.6-2.7 Ga A-type granites formed in a within
plate setting and derived from differentiation of magma derived
from partial melting of juvenile materials, contaminated by old
crustal components.

One hundred and fifteen zircons from the four ~2.9 Ga samples
(KH119, KH132, KH175 and KH183) in this study have ey¢(t) val-
ues ranging from —7.66 to 3.55 and their Tpy values vary between
3086 and 3599 Ma (Appendix Table 2 and Fig. 13). This agrees well
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Fig. 13. Variation of zircon Hf isotopes with age for rocks from the Kongling terrain
in this study and previous studies (Zhang et al., 2006a; Jiao et al., 2009; Gao et al.,
2011). Also shown are evolution trends of depleted mantle (DM), chondritic reser-
voir (CHUR) and continental crust separated from the depleted mantle at 3.9 Ga,
3.2Ga and 2.7 Ga with 176Lu/77Hf=0.0093 (Vervoort and Patchett, 1996).

with the Sr-Nd isotopic data with the two-stage Nd model ages
ranging from 3.05 to 3.43 Ga. Collectively, these results suggest that
the ~2.90 Ga TTGs were generated by reworking of older rocks with
rare additions of juvenile crust (Fig. 13). The ey(t) values of the
~3.2 Ga magmatic zircon cores are between —3.87 and 3.12 and
their Tpyp values vary from 3373 to 3695 Ma with an average of
~3.5 Ga (Appendix Table 2 and Fig. 13). About 70 zircon cores with
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ages of ~3.2-3.3 Ga have been obtained in previous and present
studies, with ey¢(t) values between —7.37 and 3.0 and Tpyy» values
of 3358-3867 Ma (Zhang et al., 2006a; Jiao et al., 2009; Gao et al.,
2011). These results suggest that most of these zircon cores crystal-
lized from a magma generated by remelting of an older crust, which
was formed between 3.4 and 3.8 Ga. This hints that the ancient crust
had been preserved in the crust for ~200-500 Ma and then was
remelted to form the ~3.2-3.3 Ga emplacement.

6. Conclusions

Three Archean magmatic events are present in the Kongling
terrain, South China at ~2.6-2.7 Ga, ~2.9 Ga and ~3.2-3.3 Ga. The
unambiguous ~2.6-2.7 Ga magmatism is our first finding in the
Yangtze craton. The majority of the Kongling terrain formed at
~2.9 Ga.The ~3.2-3.3 Garocks are sporadically exposed. About 65%
of the ~2.6-2.7 Ga zircons have ey¢(t) above zero and up to the
depleted mantle value. This indicates that they contain a consider-
ably higher proportion of juvenile crustal component. This, in turn,
supports worldwide zircon studies that age peaks at 2.65-2.76 Ga
represent increases in the volume of juvenile continental crust. The
Hf isotopes also suggest that most of the ~3.2-3.3 Ga and ~2.9Ga
zircons were derived from pre-existing crustal rocks with rare juve-
nile crustal additions.
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