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Potassic magmatism is commonly linked to post-/late-orogenic environments, such as foundering or convection
thinning of continental lithosphere. Their petrogenesis is crucial for constraining the chemical and physical prop-
erties of the remnant sub-continental lithospheric mantle. Here we report new SHRIMP zircon U–Pb ages, whole
rock geochemical results and Sr–Nd and zircon Hf isotope data from four potassic plutons (the Da'an, Yingcheng,
Zixi and Honggong plutons) in the northern Wuyi Mountains, South China. SHRIMP U–Pb zircon analyses indi-
cate that these potassic rocks formed at 139–126 Ma. They are characterized by high SiO2 (56–73%) and K2O
(3.8–6.7%), with a K2O/Na2O ratio of 2.18–2.04, plotting within the field of high-SiO2 shoshonites. Their ISr and
εNd(t) values vary from 0.7077 to 0.7162 and −5.66 to −10.52, respectively. The initial zircon εHf(t) values
range from 2.3 to −13.1, corresponding to TDM modal ages between 707 and 1330 Ma. These geochemical and
isotope characteristics indicate that these shoshonites derived from a subduction-modified ancient subcontinen-
tal lithospheric mantle, and then underwent significantly fractional crystallization of K-feldspar, plagioclase, and
accessory minerals, such as apatite and Fe–Ti oxides during magma ascent. We interpret that asthenospheric
mantle upwelling (caused by eastward roll-back of a flat-slab?) triggered partial melting of the metasomatized
lithospheric mantle to result in the Early Cretaceous shoshonitic magmatism in the northern Wuyi Mountains.
An integration of our new results with compiled data from the interior of the South China Block reveals that
the arc-like geochemical signature is confined to theWuyi Mountains region, but becomes little or even invisible
toward inland in South China. This implies that the far-field effects of the earlyMesozoic subduction only reached
the Wuyi Mountains, ca. 500 km away from the trench, consistent with flat or shallow subduction models.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Petrogenesis of potassic rocks from the Sierra Nevada of California,
USA (Manley et al., 2000), the westernmost Mediterranean (Duggen
et al., 2003, 2005), and Tibetan plateau (Chung et al., 1998; Turner
et al., 1993; Williams et al., 2004) shows that small-volume potassic
magmatic rocks with arc signatures are often attributed to low-degree
melting of the remnant sub-continental lithospheric mantle caused by
hot asthenosphere upwelling as a result of foundering or convection re-
moval of continental lithosphere (e.g., Chung et al., 1998; Duggen et al.,
2003, 2005; Kay and Kay, 1993; Manley et al., 2000; Turner et al., 1993,
1996; Williams et al., 2004). Therefore, potassic and/or shoshonitic
rocks are usually regarded as an important petrological index for the
foundering and/or thinning of the lithospheric mantle (Manley et al.,
2000).
Late Mesozoic igneous rocks are widespread in southeastern China
and cover an exposed area of ca. 218,000 km2 (Zhou et al., 2006)
(Fig. 1a). They are dominantly Jurassic (~190–155 Ma, known as the
“Early Yanshanian” event) and Cretaceous (145–80 Ma, known as the
“Late Yanshanian” event) in age (e.g. Cen et al., 2016; Li, 2000; Li et al.,
2007; Zhou and Li, 2000; Zhou et al., 2006). The Jurassic igneous rocks
are mainly distributed in the continental interior, consisting predomi-
nantly of bimodal volcanic/intrusive rocks (~190 Ma), as well as large
granitic batholiths (165–155 Ma). The Cretaceous igneous rocks occur
dominantly in the coast areas, east of the Wuyi Mountains, and are
composed predominantly of felsic volcanic and intrusive rocks (N95%)
plus minor mafic rocks. In addition, minor amounts of shoshonitic to
ultra-potassic rocks are sporadically distributed from the interior of
South China to the Wuyi Mountains region (Fig. 1a). These ultra-
potassic to shoshonitic rocks were interpreted to be formed by partial
melting of an enriched sub-lithospheric mantle owing to a raised
geotherm caused by lithosphere thinning (Li et al., 2004a). However,
the ages and petrogenesis of shoshonitic rocks in the northern Wuyi
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Fig. 1. (a) A simplifiedmap showing the distribution of Late Mesozoic igneous rocks in Southeast China (modified after Li et al., 2007), and (b) locations of the shoshonitic plutons in the
northern Wuyi Mountains region.
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Mountains are still poorly constrained. In this paper, we report new
SHRIMP U–Pb zircon age, zircon Hf isotope andwhole rock geochemical
results for these shoshonitic rocks, with the goal of investigating their
origin and petro-tectonic implications.

2. Geological background

The South China Block consists of the Yangtze Block in the northwest
and the Cathaysia Block in the southeast. The Jiangshan–Shaoxing Fault
is conventionally regarded as the eastern boundary separating the two
blocks. The Yangtze Block consists of dominant greenschist-facies
metamorphic early Neoproterozoic arc volcanic rocks and rift-related
sedimentary sequences (Li et al., 2008, 2009, 2010; Ye et al., 2007),
whereas the Cathaysia Block mainly composes of high-grade metamor-
phic Paleoproterozoic to Neoproterozoic volcanic–sedimentary rocks
(Li, 1997; Li et al., 2010; Yu et al., 2009). There are several small potassic
plutons with hypabyssal to subvolcanic facies outcropped along the
northern margin of the Wuyi Mountain region in the Cathaysia Block
(Fig. 1a, b). For the exception of the Honggong pluton which has an
outcrop area of over 450 km2, the potassic intrusions are typically
b100 km2 each. In this paper, four potassic plutonswere selected for de-
tailed geochronology, geochemistry, and whole rock Sr–Nd and zircon
Hf isotopic studies. They are, from east to west, the Yingcheng,
Honggong, Da'an and Zixi plutons.

The Yingcheng pluton has an area of ~60 km2 and is an amphibole–
biotite-bearing quartz monzonite (Fig. 2a). Some dark elliptical en-
claves, mostly between 10 and 15 cm in diameter, were observed
occasionally in the quartz monzonite (Lu et al., 2006a). The quartz
monzonite consists of about 35–40% K-feldspar, 40–45% plagioclase
(An=30–35), 5–8% quartz, 5–15% amphibole and biotite, as well as ac-
cessory minerals including zircon, apatite and Fe–Ti oxides. Most of the
mafic minerals, i.e. biotite and amphibole, have been altered to chlorite.
The mafic enclaves are monzodiorite, and have the same mineral as-
semblage as the quartz monzonite but have a higher percentage of
mafic mineral. The pluton intrudes Precambrian metamorphic rocks,
and faulted contact with Cretaceous volcanic rocks. A 141 ± 7 Ma
whole rock Rb–Sr isochrone age is reported for this pluton (Lu et al.,
2006a).
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The Honggong pluton is the largest one in the northern Wuyi
MountainswithNEE-trends (Fig. 2b). It intrudes early Cretaceous volca-
nic rocks and is covered by late Cretaceous sedimentary rocks. Themain
rock-type of the pluton is biotite–hornblende-bearing syenite and
quartz-monzonite. The rocks are commonly dark gray to pink in color
owing to the abundance of K-feldspar. Themineral assemblage consists
of 55–65% K-feldspar (mainly microcline), 6–20% quartz, 8–20% plagio-
clase (An = 25–30), 5–15% amphibole and biotite, plus accessory min-
erals zircon, apatite and Fe–Ti oxides. Zircon is also found to aggregate
around the Fe–Ti oxides in thin sections. The plutonwas previously con-
sidered either a I-type granite due to the presence of amphibole (Chen
et al., 1991), or an A-type granite due to its high abundance in
incompatible elements (Lu et al., 2006b). Chen et al. (1991) reported a
hornblende Ar–Ar age of 124 ± 1 Ma for the pluton, and a most recent
La-ICP-MS zircon U–Pb dating gave an age of 127.2 ± 1.6 Ma (He and
Xu, 2012).

The Da'an pluton is a ring-shaped subvolcanic intrusionwith an out-
crop area of ~80 km2 (Fig. 2c). It is comprised of quartz monzonite with
minor syenite, consisting of 40–50% K-feldspar, 40–50% plagioclase,
5–10% quartz, and accessory minerals zircon, apatite and Fe–Ti oxides
(mainly magnetite). Most of the K-feldspar and plagioclase are strongly
altered, leading to argillization and sericitization, respectively. The rocks
display a granophyric texture, suggesting a shallow level emplacement.

The Zixi pluton has an outcrop area of ~90 km2, and intrudes meta-
morphosed Sinian to Cambrian strata and non-metamorphosed Jurassic
volcanic–sedimentary sequences (Fig. 2d). It is predominantly a quartz
syenite, consisting of K-feldspar (55–60%), plagioclase (30–35%), quartz
(10–15%), and accessory minerals of zircon, apatite and Fe–Ti oxides.
The quartz syenites display a granophyric structure, implying that the
pluton was emplaced at a shallow level. Strong sericitization and
argillization were observed in K-feldspar and plagioclase, respectively.

3. Analytical methods

Zircon grains were separated using standard density and magnetic
separation techniques. Representative zircon grains were hand-picked
under a binocular microscope. Zircon grains, together with zircon
standard Temora, were cast in an epoxy mount, which was then
polished to section the crystals in half for analysis. Zircons were docu-
mented with transmitted and reflected light micrographs as well as
cathodoluminescence (CL) images to reveal their internal structures.
Measurements of U, Th, and Pb were conducted using the SHRIMP II
ion microprobe at the Beijing SHRIMP Center under standard operating
conditions (5-scan cycle, 2 nA primary O2

− beam, mass resolution ca.
5000). U–Th–Pb rations were determined relative to the TEMORA stan-
dard zircon with 206Pb/238U = 0.0668 corresponding to 417 Ma (Black
et al., 2003), and the absolute abundances were calibrated to the
standard zircon SL13. Analyses of the TEMORA standard zirconwere in-
terspersed with those of unknowns, following operating and data pro-
cessing procedures similar to those described by Williams (1998).
Measured compositions were corrected for common Pb using the
204Pb-method, and an average crustal composition (Cumming and
Richards, 1975) appropriate to the age of themineral was assumed. Un-
certainties on individual analyses are reported at 1σ level, and mean
ages for pooled 206Pb/238U results are quoted at 95% confidence level.

In situ zircon Lu–Hf isotopic analysis was carried out using a
Neptune multi-collector ICP-MS equipped with a Geolas-193 laser-
ablation system at the Institute of Geology and Geophysics. Most of
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Lu–Hf isotopic analyses were obtained on the same zircons which were
previously analyzed for U–Pb dating, with ablation pots of 63 μm in
diameter, typical ablation time of 26 s, repetition rate of 10 Hz, and
laser beam energy density of 15 mJ/cm2. The detailed analytical proce-
dures and instrumental setting were similar to those described by Wu
et al. (2006). In order to evaluate the reliability of the analytical
data, standard zircon 91500 and TEMORA were analyzed during the
course of this study. Measured 176Hf/177Hf ratios were normalized to
179Hf/177Hf = 0.7325, using exponential correction for mass bias. Fur-
ther external adjustment is not applied for the unknowns because our
determined 176Hf/177Hf ratios for zircon standards 91500 (0.282303 ±
0.000010) and TEMORA (0.282676 ± 0.00001) are in good agreement
with the reported values (Griffin et al., 2006; Wu et al., 2006).

Major element oxides and trace elements were determined by using
a VarianVista PRO ICP-AES and a Perkin-Elmer Sciex ELAN6000 ICP-MS,
respectively, at the State Key Laboratory of Isotope Geochemistry,
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences
(SKLaBIG, GIGCAS). Procedures for major element and trace element
analyses were similar to those described by Li et al. (2002). About
40 mg powdered samples were dissolved in a platinum crucible using
Li2B4O7 + H3BO3 mixture at ca. 1100 °C for 20 min. For ICP-AES major
element analysis, the sample dissolution was spiked with single ele-
ment In as an internal standard for monitoring the signal drift during
measurement, and diluted to a factor of 1/5000. A set of USGS and
Chinese national rock standards was chosen for calibrating major ele-
ment concentrations of unknowns. For ICP-MS trace element analysis,
an internal standard solution containing the single element Rh was
used with a dilution factor of 1/5000. The USGS standards W-2 and
MRG-1 and the Chinese national rock standard GSR-1 were chosen for
calibrating element concentrations of measured samples. Analytical
precision is generally better than 5% for major elements by ICP-AES,
and better than 10% for most trace elements by ICP-MS.

Sr and REE were separated using cation columns, and Nd fractions
were further separated by HDEHP-coated Kef columns. Sr and Nd isoto-
pic analyses were performed on a Micromass Isoprobe multi-collector
ICPMS (MC-ICPMS) at the SKLaBIG, GIGCAS. Samples were taken
up in 2% HNO3, and the aqueous solutions were introduced into the
MC-ICPMS using a Meinhard glass nebulizer with an uptake rate of
0.1 mL/min. The inlet systemwaswashed out for 5 min between analy-
ses using high-purity 5% HNO3 followed by a blank solution of 2% HNO3

from which the sample solutions were prepared. The Isoprobe MC-
ICPMS was operated in a static mode, and yielded 143Nd/144Nd =
0.512125± 11 (2σ) on 14 runs for the Shin Etsu JNdi-1 standard during
this study. Analytical procedureswere similar to those described byWei
et al. (2002) and Li et al. (2004b). Measured 87Sr/86Sr and 143Nd/144Nd
ratios were normalized to 86Sr/88Sr = 0.1194 and 146Nd/144Nd =
0.7219, respectively. The reported 87Sr/86Sr and 143Nd/144Nd ratios
were respectively adjusted to the NBS SRM 987 Standard 87Sr/86Sr =
0.71025 and the Shin Etsu JNdi-1 standard 143Nd/144Nd = 0.512115
(Tanaka et al., 2000).

4. Results

4.1. SHRIMP U–Pb zircon geochronology

Sample Y-1-1 (28°45′06″; 119°12′53″) is collected from the
Yingcheng quartz syenite. Zircon crystals from this sample are mostly
euhedral, ranging from 100 to 250 μm in lengthwith length towidth ra-
tios of about 2:1. They are generally transparent and colorless, showing
typically magmatic internal zonation in CL images (Fig. 3a, inset).
Fourteen analytical spots were conducted on 14 zircon grains. Uranium
and thorium concentrations of these grains are in the ranges of 99 to
582 ppm and 119 to 352 ppm, respectively, and Th/U ratios vary from
0.59 to 1.53. The proportion of common 206Pb in total measured 206Pb
(f206 in Appendix Table 1) varies between 0.86% and 6.86%, mostly clus-
tering at 2–4%. The measured 206Pb/238U ratios are in good agreement
within analytical errors, corresponding to a single age population with
a weighted mean 206Pb/238U age of 134 ± 2 Ma (95% confidence
interval) (Fig. 3a). The age is considered as the best estimate of the
crystallization age of the Yingcheng quartz syenite.

Sample H-4 (28°34′47″; 118°45′24″) is from the Honggong
amphibole-bearing syenite. Zircon grains from the sample are relatively
uniform in size (~100 μm) and mostly euhedral, with length to width
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ratios between 1:1 and 2:1. They are generally transparent and color-
less, and show magmatic internal zonation in CL images (Fig. 3b,
inset). Fourteen analyses were conducted on 14 zircon grains. Uranium
and thorium concentrations of these grains are in the ranges of 126–
810 ppm and 123–1054 ppm, respectively. Th/U ratios range from
0.73 to 1.23. The proportion of common 206Pb in measured 206Pb (f206
in Appendix Table 1) is between 0 and 3.08%. The 14 analyses form a
concordant population that yielded a weighted mean 206Pb/238U age
of 125.7 ± 2.7 Ma (95% confidence interval). This age is interpreted as
the formation age of the Honggong syenite, which coincides with the
previously reported amphibole Ar–Ar age of 124 ± 1 Ma (Chen et al.,
1991) and La-ICP-MS zircon U–Pb age of 127.2 ± 1.6 Ma (He and Xu,
2012).

Sample D-2-3 (27°52′01″; 117°54′09″) is from the Da'an quartz
monzonite. Zircon gains from this sample are euhedral and show mag-
matic internal zonation in CL images (Fig. 3c, inset). They are 100–200
μm in length, with length to width ratios between 2:1 and 4:1. The ma-
jority of zircons are relatively transparent and colorless, although a few
zircons are dark brown in color due to high uranium content. No
inherited zircon core was observed in the CL images. Eleven analyses
of 11 zircons were obtained. Thorium and uranium concentrations are
in the range from 72 to 1525 ppm and 91 to 1005 ppm, respectively.
Th/U ratios vary between 0.53 and 2.03, mostly clustering around 0.6–
0.9. The proportion of common 206Pb in total measured 206Pb (f206 in
Appendix Table 1) is between 0.46% and 3.91%, mainly clustering
around 3%–4%. The measured 206Pb/238U ratios are in good agreement
within analytical errors, yielding a weighted mean 206Pb/238U age of
139.3 ± 3.9 Ma (95% confidence interval) (Fig. 3c), interpreted as the
crystallization age of the Da'an syenite.

Sample Z-6-2 (27°55′21″; 117°09′56″) is from the Zixi quartz sye-
nite. Zircon grains are mostly euhedral. Crystal lengths are in the
range of 100–300 μm, and length to width ratios are between 1:1 and
4:1. The zircon grains are mostly transparent and colorless, and have
magmatic internal zonation in CL images (Fig. 3d, inset). Twelve analy-
seswere conducted on 12 zircons. Uranium and thorium concentrations
are in the range of 60–589 ppm and 44–562 ppm, respectively. Th/U ra-
tios vary between 0.67 and 1.33. The proportion of common 206Pb in
total measured 206Pb (f206 in Appendix Table 1) ranges between 0.42%
and 7.36%, mainly clustering around 2%–4%. The measured 206Pb/238U
ratios are in good agreement within analytical errors, with the excep-
tion of spot 7.1 which has a young age due to the significantly lower U
(U = 44 ppm) and high common 206Pb (f206 7.36%) contents. The re-
maining 11 measurements yielded a weighted mean 206Pb/238U age of
136.6± 1.8Ma (95% confidence interval) (Fig. 3d), which is interpreted
as the crystallization age of the Zixi quartz syenite.

In summary, our SHRIMP U–Pb zircon dating results indicate that
the studied potassic rocks in the northern Wuyi Mountains formed
from ~140 Ma to ~125 Ma and belong to the Early Cretaceous (Late
Yanshanian event).

4.2. Major and trace elements

Major and trace element data of thirty-seven samples are presented
in Appendix Table 2. Among them, eight samples are from the
Yingcheng pluton, fifteen from the Honggong pluton, eleven from the
Da'an pluton, and three from the Zixi pluton.

The rocks have SiO2 contents ranging from 60 to 73% and three en-
clave samples (YC-1-3, YC-1-4 and YC-1-5) have relatively lower SiO2

content varying from 56% to 61%. As shown in the total alkalic vs. SiO2

diagram (Fig. 4a), these rocks are mainly plotted within the fields
of quartz-monzonite and syenite. Two enclave samples (YC-1-3 and
YC-1-5) are plotted into the field of monzonite, and three highly-
evolved samples (one from the Da'an and two from the Yingcheng
plutons) are plotted into the granite field. Most of the samples are plot-
tedwithin the field defined by the Tibetan Plateau Cenozoic shoshonitic
rocks (Chung et al., 1998) (Fig. 4a). Although the sampleswere collected
from different units, they show very similar high potassium (K2O =
3.42%–6.74%) features, with K2O/Na2O ratios varying from 1.19 to
2.18.With the exception of two samples (YC-4 and CF-3c) that are plot-
ted with the ultra-potassic field, all are plotted within the shoshonitic
field (Fig. 4b).

All but the enclave samples display consistent major element trends
with increasing SiO2, whereas the enclave samples generally show dif-
ferent trends (Fig. 5). For the non-enclave samples, the major elements
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of TiO2, Al2O3, FeOt, CaO, and P2O5 decrease with increasing SiO2 and
show a negative correlation with SiO2, but K2O and Na2O are roughly
steady with increasing SiO2, except for Honggong samples which do
not show an obvious trend between FeOt and SiO2. The enclave samples
have nearly constant Al2O3 and CaO contents, whereas their K2O con-
tent increases and TiO2, FeOt, MgO and P2O5 contents decrease sharply
with increasing SiO2. Evolutionary trends of Al2O3, MgO, K2O and P2O5

for the potassic rocks follow that of the Eocene Sunling Volcanic rocks
in the Absaroka volcanic province, Wyoming (Feeley, 2003). The en-
claves, on the other hand, display a mixing trend between the primitive
magma and a moderately-evolved magma (Fig. 5).

Trace elements display complex behavior (Fig. 5). Zirconium con-
centration decreases but niobium concentration increases with increas-
ing SiO2 for the Da'an Yingcheng and Zixi samples. Contrarily, Zr and Nb
contents of the Honggong samples quickly increase with increasing
SiO2. With the exception of sample HG-11, all samples have low Cr
(4.2–18.05 ppm) and V (3.78–127.5 ppm) contents and display a
weak negative correlation with SiO2. Sample HG-11 has Cr content of
35.5 ppm higher than others. The V concentration of the enclaves de-
creases sharply from 127 to 68.7 ppm with increasing SiO2 from
56.09% to 61.37%. The large ion lithophile elements (LILE, such as Ba
and Sr) of all samples significantly decrease while Rb and U increase
with increasing SiO2.

The chondrite normalized REE patterns are illustrated in Fig. 6a–d.
All samples display similar LREE-enriched patterns with variable
negative Eu anomalies. The Da'an samples display the largest range of
La/YbN ratios, varying from 10.7 to 36.2 and Eu anomalous values of
Eu/Eu*=1.06–0.19, while the Zixi samples show the highest La/YbN ra-
tios (54.5–60.2) with moderate Eu anomalies (Eu/Eu* = 0.47–0.56).
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The La/YbN ratios and Eu/Eu* values of the other samples fall between
those of theDa'an and Zixi samples. Enclaves from the Yingcheng pluton
show uniform LREE-enriched patterns (La/YbN = 17.5–20.6) with
slightly negative Eu anomalies (Eu/Eu* = 0.69–0.84). On the primitive
mantle normalized trace element diagrams (Fig. 6e–h), all samples dis-
play “spiky” trace element patterns, having obvious enrichments in LILE
(Rb, Th) and Pb and variable depletions in Ba, U, Sr, P, and high
field strange elements (HFSE, Nb–Ta and Ti). Similar to their host-
rocks, the enclaves also slightly enrich in LILE and deplete in U, P and
HFSE (Nb-Ta and Ti).

4.3. Whole-rock Sr–Nd isotopes

Twenty-five whole-rock samples have been analyzed for Sr and
Nd isotopic compositions, including two enclave samples (YC-1-4 and
YC-1-5). The analytical results are listed in Appendix Table 3.

All samples exhibit moderate ranges of measured 87Rb/86Sr
(0.69–11.90) and 87Sr/86Sr (0.709672–0.734770) ratios, corresponding
to initial 87Sr/86Sr (ISr) ratios of 0.7077 to 0.7162. Among them, the
Honggong samples have the largest range of ISr ratios (0.7087 to
0.7162). With the exception of two samples H-9 and H-10a (ISr =
0.7162 and 0.7134, respectively), the Honggong samples have ISr ratios
focusing on from 0.7087 to 0.7162. By contrast, samples from other
plutons have narrower ranges of ISr ratios within each pluton: the Zixi
samples have the highest ISr ratios of 0.7112 to 0.7116; the Yingcheng
(including two enclave samples) and Da'an samples have ISr ratios fall-
ing in the ranges of 0.7083–0.7091 and 0.7077–0.7091, respectively.

Similar to the Sr isotopic results, Nd isotopic compositions of the an-
alyzed samples also display moderate variations in 147Sm/144Nd (0.067
0

300

600

900

Zr (ppm)

Nb (ppm)
0

10

20

30

Cr (ppm)

10

20

30

0

50 55 60 65 70 75 80

50

100

150

V (ppm)
0

SiO (%)2

0

500

1000

1500

2000

Ba (ppm)

0

100

200

300

Rb (ppm)

0

200

400

600

Sr (ppm)

SiO (%)2

U (ppm)

50 55 60 65 70 75 80
0

2

4

tion lines for the Eocene Sunling volcanic rocks which are considered to be of a fractional
w the possible mixing trends. The thin lines with arrows show Zr and Nb trends of the
f accessory minerals, such as zircon and Fe–Ti oxides.



La Ce Pr Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

1

10

100

1000
Yingcheng

Nd

Da’an

Zixi

Honggong

1

10

100

1

10

100

1

1

10

100

Sa
m

pl
es

/c
ho

nd
ri

te

Da’an

Honggong

Zixi
1

10

100

1

10

100

1

1

10

100

Sa
m

pl
es

/P
ri

m
iti

ve
 m

an
tle

Rb
Ba

Th
U

K
Nb

Ta
La

Ce
Pb

Pr
Sr

P
Nd

Zr
Hf

Sm
Eu

Ti
Gd

Tb
Dy

Y
Ho

Er
Tm

Yb
Lu

Yingcheng

1

10

100

1000

Enclavea

b

c

d

e

f

g

h

Fig. 6. Chondrite-normalized REE patterns (a–d) and primitive-mantle-normalized incompatible element spider-diagrams (e–h) for the shoshonitic rocks from the northern Wuyi
Mountain.

131W.-X. Li et al. / Lithos 288–289 (2017) 125–142
to 0.113) and 143Nd/144Nd (0.511983 to 0.512273), corresponding to
εNd(t) values of −5.6 to −10.5 and Mesoproterozoic Nd model ages
(TDM) of 1.12 to 1.50 Ga. Among the studied samples, the Zixi ones
have the lowest 147Sm/144Nd (0.067 to 0.073) and 143Nd/144Nd
(0.511983 to 0.512028) ratios, corresponding to εNd(t) values of
−9.7 to −10.5, whereas the Honggong samples recorded the highest
147Sm/144Nd (0.080 to 0.109) and 143Nd/144Nd (0.512077 to
0.512273) ratios, corresponding to εNd(t) between −5.7 and −9.3.
The Yingchang samples have 147Sm/144Nd of 0.098 to 0.102 and
143Nd/144Nd of 0.512038 to 0.512073, corresponding to εNd(t) values
of −9.4 to −10.1 (including the εNd(t) values of −9.37 and −9.41
for the two enclave samples). The Da'an samples yielded 147Sm/144Nd
of 0.082 to 0.113 and 143Nd/144Nd of 0.512088 to 0.512217, correspond-
ing to εNd(t) values between −6.7 and −8.7 (Appendix Table 3).

4.4. Zircon Hf isotopes

Fifty-eight Hf isotope analyseswere conducted on 58 zircon grains, in-
cluding eleven grains from the Zixi quartz-syenite (Z-6-2), fifteen from
the Yingcheng quartz monzonite (Y-1-1), eleven from the Da'an quartz
monzonite (D-2-3), and twenty one from the Honggong hornblende
syenite (Hong-4). The analytical results are listed in Appendix Table 4.
Most zircon grains, except seven from the Honggong pluton, were
dated using the SHRIMP zircon U–Pb method before the Hf isotopic
analysis. The calculated initial εHf(t) values of all samples are in the
range of 2.3 to −13.1, corresponding to TDM modal ages between 707
and 1330 Ma.

Among all grains, the ones from the Zixi samples have the lowest ini-
tial εHf(t) values of−8.4 to−11.5, corresponding to TDM ages of 1.13 to
1.27 Ga. Both the εHf(t) values and TDM modal ages of the Zixi samples
show quasi-bimodal distributions averaging Hf(t) = −10 ± 0.47
(Fig. 7a) and TDM = 1202 ± 23 Ma (Fig. 7b). The Honggong samples
have highly variable εHf(t) values (from 2.3 to −10.4), corresponding
to TDMmodal ages between 0.71 and 1.25Ga. TheHonggong zircons dis-
play a multi-peak distribution in εHf(t) values and TDM ages (Fig. 7g, h).
The initial εHf(t) of the Yingcheng samples are between that of the Zixi
and Honggong samples, falling in the range of −6.4 to −10.3,
corresponding to a narrow TDM age range of 1.05 to 1.22 Ga. The analyt-
ical results for the Yingcheng zircons show a nearly unimodal distribu-
tion averaging εHf(t) = −8.48 ± 0.55 and TDM = 1135 ± 21 Ma
(Fig. 7c, d). The Da'an samples show a multi-peak distribution of
εHf(t) values (−3.7 to −13.1) and TDM ages (0.99 to 1.33 Ga)
(Fig. 7e, f), and among the 11 zircons, seven zircons yielded a peak of
εHf(t) = −7.55 ± 0.34 and TDM = 1097 ± 14 Ma.
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5. Petrogenesis and tectonic significance

5.1. Petrogenesis

The Early Cretaceous potassic intrusions in the northern
Wuyi Mountains are metaluminous with relatively high SiO2

(60.48–73.02%) and K2O (3.42%–6.74%) contents, belonging to high-
SiO2 shoshonitic rocks. The high silica shoshonitic rocks can be formed
by partial melting of either crustal meta-igneous and/or meta-
sedimentary rocks, or metasomatized lithospheric mantle, with some
extent of fractional crystallization (Campbell et al., 2014; Chung et al.,
1998; Foley, 1992; Pe-piper et al., 2009; Turner et al., 1996).

The metaluminous feature (ACNK b 1) of themajority of the studied
samples rules out the possibility of partial melting of metasedimentary
rocks because melts derived frommetasedimentary rocks are generally
peraluminous (Vielzeuf and Holloway, 1988; White and Chappell,
1983). Recently, Campbell et al. (2014) put forward a newmodel to in-
terpret the origin of the Tertiary high-potassic rocks of eastern Tibet.
They consider that shoshoniticmelts can be formed at high-T and P con-
ditions by partial melting of the continental crust thrusted into the
upper mantle by the transpressional Red River–Ailaoshan–Batan–
Lijiang fault system. However, the lack of a large scale transpressional
fault system in the Wuyi Mountains region during Mesozoic ruled out
this possibility.

Experimental data show that partial melting of basaltic or interme-
diate igneous rocks can producemetaluminous toweakly peraluminous
signature, but resultant granitic magmas are generally calc-alkaline to
high-potassium calc-alkaline (Roberts and Clemens, 1993; Sisson
et al., 2005). This is inconsistent with the shoshonitic feature of the
studied rocks. Therefore, the studied samples are unlikely to be formed
by partial melting of basaltic or intermediate igneous rocks. Pe-piper
et al. (2009) proposed that some shoshonitic rocks could be formed
by partial melting of K-enriched basaltic rocks at high pressure
(1.5–2.0 GPa) and high-temperature (N950 °C) conditions. Shoshonitic
rocks formed by this mechanism are expected to have geochemical fea-
ture similar to those of adakitic rocks. Adakitic rocks are characterized
by high Sr/Y (N20–40) and La/Yb (N20) ratios and low Y (≦18 ppm)
and Yb (≦1.9 ppm) contents due to the presence of garnet and/or
amphibole residues in the source, whereas the plagioclase had been
consumed (Defant and Drummond, 1993). Contrarily, our samples
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have relatively high Y (N22 ppm) and Yb (N2.2 ppm) with Sr/Y ratios
less than 20 (Appendix Table 2), thus, this interpretation is unlikely
for the shoshonitic rocks in the northern Wuyi Mountains.

Alternatively, the northern Wuyi Mountains shoshonitic rocks are
probably derived from a metasomatized subcontinental lithospheric
mantle, because numerous experimental petrologic and geochemical
studies indicated that partialmelting ofmetasomatized veins in the lith-
osphericmantle could formed shoshonitic rocks (e.g. Chung et al., 1998;
Conceicao and Green, 2004; Elkins-Tanton and Grove, 2003; Foley,
1992; Lloyd et al., 1985; Mitchell, 1995; Turner et al., 1996). Such an in-
terpretation is also supported by the fact that the shoshonitic rocks have
Sr–Nd isotopic feature similar to those of metasomatized lithospheric
mantle-derived rocks, such as the Permian alkaline syenites (Wang
et al., 2005) the Silurian basalts in the Cathaysia Block (Yao et al.,
2012), central Italy high-K rocks (Conticelli and Peccerillo, 1992), and
the South Africa kimberlites (Conticelli and Peccerillo, 1992) (Fig. 8a).

It is noted that primary melts formed by partial melting of a
metasomatized lithospheric mantle are generally low in SiO2 and high
in MgO, contradicting the geochemistry of the studied shoshonitic
rocks. Therefore, the crustal processes such as fractional crystallization
or mixing/contamination with high-SiO2 crustal materials should be in-
volved in their generation. The following lines of evidence argued that
such crustal processes are dominated by fractional crystallization rather
than contamination: Firstly, although Sr–Nd isotopic compositions of all
samples have relatively wide range (εNd(t) =−5.63 to−10.52; ISr =
0.7077 to 0.7162), they are nearly constantwith increasing SiO2 in a sin-
gle pluton (Fig. 8b, c). Thus, the lack of correlation between Sr–Nd iso-
topes and SiO2 and Mg# indicates that crustal contamination played a
minor role (Fig. 8b, c and Appendix Tables 2, 3). Therefore, the differ-
ences between different plutons may be attributed to source heteroge-
neity. Secondly, as shown in Fig. 5, mostmajor elements and some trace
elements plot along the trend of the Sunlight shoshonitic rocks from the
Eocene Absaroka volcanic province, which was interpreted to be pro-
duced by fractional crystallization of basaltic parent magmas that
were from a metasomatized lithospheric mantle (Feeley, 2003; Feeley
and Cosca, 2003). Thirdly, in the V and Ni vs. Zr diagrams (Fig. 9a, b),
the studied rocks follow a fractional crystallization trend (rather than
a batch melting trend), suggesting that the rocks were formed by frac-
tional crystallization of mafic parent magmas. In addition, the rocks
have significantly lower contents of Ni (1.13–18.32 ppm) and V
(4.93–55.88) (Fig. 9a,b), which are even lower than their respective
upper crustal abundances (Ni = 20 ppm, V = 60 ppm, Rudnick and
Fountain, 1995), the possibility of mixing/contaminating of basaltic
magmaswith crustal material, thus, can be ruled out. Lastly, the studied
enclave samples plot along a mixing trend between primitive or inter-
mediate evolved rocks and highly evolved felsic rocks (Fig. 5), suggest-
ing a possible mixing origin. These enclave samples have potassium
contents significantly lower than those of the host rocks (Fig. 5), imply-
ing that the high-K host rocks are unlikely to be produced by magma
mixing. The bivariate figures of major and trace elements can be used
to estimate fractionated mineral assemblage (Janoušek et al., 2004; Li
et al., 2007). As shown in Fig. 10a and b, positive and relatively flat linear
correlations of Sr vs. Ba and Sr vs. Rb suggest that K-feldspar and/or
plagioclase are the major phases in the assemblage of fractional
minerals. This is supported by variable Eu/Eu* negative anomalies in
the REE patterns (Fig. 6a–d), and significant Sr anomaly relative to
neighboring elements in the trace element spider-diagrams (Fig. 6e–g).
The obvious P and Ti negative anomalies in the spider-diagrams
(Fig. 6e–g) indicate that both apatite and Fe–Ti oxides are involved in
the assemblage fractional mineral.

In order to further determine possible crystallization condition, par-
ticularly pressure, water content and oxygen fugacity, we performed
simulation using the Rhyolite-MELTS software (Gualda et al., 2012).
The least-evolved sample of YC1-5 was chosen as the starting material,
and the simulation conditions are 1.5% water, 1.5 kbar pressure and
FQM-1 oxygen fugacity (Fig. 5). The results fit well with the studied
rocks, except for P2O5 (Fig. 5), and the Al2O3 and MgO versus SiO2 vari-
ation broadlymatches the trends of Sunlight shoshonitic rocks from the
Eocene Absaroka volcanic province (Feeley, 2003; Feeley and Cosca,
2003). The modal crystallization mineral assemblage shows in Fig. 11.
Due to SiO2 content of the studied rocks being dominant between
~62% and 70% (gray area in Fig. 11), the major crystallization mineral
phases are potassium feldspar and plagioclase, as well as minor Fe–Ti
oxides and apatite in this area. Themodalmineral assemblage is consis-
tent with the geochemical observation above. The exception is that
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minor olivine, rather than amphibole and/or biotite which are main fer-
romagnesian minerals observed in the studied rocks, appears as the
main ferromagnesian mineral, probably because of lack of appropriate
thermodynamic models for hydrous mafic silicates, particularly amphi-
bole and biotite for wet intermediate rocks (Gualda et al., 2012).

Therefore, the northern Wuyi Mountains shoshonitic rocks were
most likely derived from an enriched lithospheric mantle source and
then underwent fractional crystallization at low pressure (1.5 kbar), in-
volving a mineral assemblage of dominant K-feldspar, plagioclase and
accessory minerals apatite and Fe–Ti oxides, while the crustal mixing/
contamination plays a minor role.

5.2. Tectonic significance

5.2.1. Potassic magmatism as an indicator for the onset of eastward
roll-back of a flat-slab?

The detailed geochemical features of the Cretaceous shoshonitic
rocks from the northern Wuyi Mountains indicate that they are most
likely derived from ametasomatized subcontinentalmantle. The under-
lying question then is: what mechanism caused the partial melting of
the subcontinental lithospheric mantle at ca. 500 km away from the
trench (probably present easternmargin of Taiwan)?Many researchers
propose Cretaceous (arc) magmatism in South China formed by the
westward subduction of the Paleo-Pacific Plate beneath the eastern
margin of the Eurasia continent (He and Xu, 2012; Jahn et al., 1976;
Lan et al., 1996; Lapierre et al., 1997; Li and Zhou, 2000; J.H. Li et al.,
2014; Z. Li et al., 2014; L. Li et al., 2014; Martin et al., 1994; Zhou and
Li, 2000). However, such arc-related magmas are generally produced
in a narrow region of about 250–300 km away from the trench under
normal subduction angles (English et al., 2003; Gutscher et al., 2000).
If arc-related magmatism truly occurs over 500 km inboard from the
trench, the most probable is either shallow angle- or flat-subduction,
similar to the late Cretaceous to early Cenozoic North American
Cordillera, where flat/shallow subduction forms a magmatic arc be-
neath Colorado Plateau away from trench over 500 km (Erdman et al.,
2016; Lee, 2005; Saleeby, 2003; Smith, 2013). However, the coeval
arc-related magmatic rocks did exist along the coastal region of SE
South China since ca. 190 Ma and last until ca. 90 Ma (Z.X. Li et al.,
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2012), and their geochemical characteristic is dominantly high-K calc-
alkaline (J.H. Li et al., 2014; Z. Li et al., 2014; L. Li et al., 2014; Sewell
and Campbell, 1997), distinct from the Cretaceous shoshonitic rocks
studied here, thus, the interpretation related directly to subduction
can be ruled out. A flat-subduction model has indeed been suggested
for Mesozoic South China (Li and Li, 2007). According to this model,
an oceanic plateau underwent flat-subduction between ca. 250 and
200 Ma. Delamination and/or roll-back of the flat-slab started from
the hinterland at late Triassic/early Jurassic and the coastal fragment
of the flat slab rolled-back toward the trench during the Jurassic–
Cretaceous time. This model predicts the arrival of the slab roll-back
at the northern Wuyi Mountains region by ca. 140 Ma (Fig. 14b). Ac-
cording to the flat-slab model, the earlier subducted flat-slab rolled
back eastward off the bottom of the subcontinental lithospheric mantle
(Li and Li, 2007), caused asthenospheric mantle upwelling and thus
triggered partial melting of the metasomatized lithospheric mantle to
produce shoshonitic rocks in the northernWuyiMountains. Such an in-
terpretation is also consistentwith the coastward-younging trendof the
Cretaceous magmatism in southeastern China (Li and Li, 2007; Z.X. Li
et al., 2012; J.H. Li et al., 2014; Z. Li et al., 2014; Zhou and Li, 2000).

5.2.2. Early Mesozoic subduction affects the South China subcontinental
lithospheric mantle

The influence of the early Mesozoic subduction system in South
China is an important, but still controversial issue. Based on the geo-
chemistry of Mesozoic mafic rocks in South China, Chen et al. (2008)
suggested that the subduction effect was limited in the coastal region,
but not as far interior as the Wuyi Mountains region, implying a
normal-angle subduction system during Early Mesozoic. Here, the
high-potassic rocks derived from the subcontinental lithospheric man-
tle (SCLM; He et al., 2008; X.H. Li et al., 2003; Li et al., 2004a; Wang
et al., 2005) provide a good opportunity for us to re-evaluate the lateral
extent of subductionmodification to the SCLMofMesozoic South China.
Since the high-potassic rocks are widespread in South China, particular-
ly in theWuyi Mountains and the South China interior (Fig. 1a), we se-
lected seven Mesozoic shoshonitic and high-potassic alkaline intrusive
and volcanic rocks in theWuyi Mountains region and South China inte-
rior to evaluate the influence of Mesozoic subduction (Fig. 12).

Before this work, the pre-Mesozoic orogenic effect should be
discussed. There are two possible subduction events which affect the
South China Block before Mesozoic, i.e. early Neoproterozoic Sibao
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Fig. 12.A K2O vs. SiO2 diagram showing the shoshonitic character of theMesozoic potassic
rocks in theWuyi Mountains and the South China interior. Data sources: Indosinian alka-
line syenite (Wang et al., 2005); northernWuyiMountains shoshonitic rocks (this study);
the Huichang shoshonitic rocks (He et al., 2008); the Ejinao alkaline rocks (Bao et al.,
2000); Southern Jiangxi shoshonitic rocks (Li et al., 2003); the Lisong shoshonitic rocks
(Zhu et al., 2006); the Tong'an and Niumiao shoshonitic rocks (Zhu et al., 2005).
orogeny and early Paleozoic Wuyi–Yunkai orogeny (Li et al., 2009,
2010; Ye et al., 2007). Numerous studies show that after Sibao and
Wuyi–Yunkai orogenies, voluminous mafic and felsic igneous rocks
are widespread over eastern South China Block, especially in Cathaysia
Block (Li et al., 2003, 2005, 2009). Subsequently, Neoproterozoic rift
(Nanhua rift, Wang and Li, 2003) and early Paleozoic lithospheric
delaminating (Li et al., 2010; Yao et al., 2012) follow these magmatic
events. Therefore, we infer that early metasomatic rocks produced in
the subcontinent lithospheric mantle are difficult to retain after the in-
tensive magmatic thermal events.

The selected rocks are, from east to west, Indosinian alkaline sye-
nites (Wang et al., 2005), the northern Wuyi shoshonitic rocks (this
study), the Huichang shoshonitic volcanic rocks (He et al., 2008), the
Ejinao alkaline rocks (Bao et al., 2000), the Quannan syenites (XH Li
et al., 2003), the Lisong shoshonitic rocks (Zhu et al., 2006) and the
Tong'an and Niumiao shoshonitic rocks (Zhu et al., 2005). On the
diagram of εNd(t) vs. La/Nb ratio (Fig. 13a), the rocks from the South
China interior, such as the E'jinao, S Jiangxi, Lisong, Tong'an and
Niumiao plutons, display a linear distribution between the mantle
array and South China SCLM, with the highest La/Nb ratios more than
1. This suggests a weak subduction influence while dominantly time-
depended enrichment of the Nd isotope. In contrast, the rocks from
the Wuyi Mountains region, including the Indosinian syenite (Wang
et al., 2005), the shoshonitic rocks reported here, and the Huichang
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Fig. 13. (a) εNd(t) vs. La/Nb diagram shows that samples from the Ejinao alkaline rocks,
the southern Jiangxi shoshonitic rocks, the Lisong shoshonitic rocks and the Tong'an and
Niumiao shoshonitic rocks plot between themantle array and the South China lithospher-
ic mantle, suggesting a lack subduction influence, whereas the Indosinian syenites, the
northern Wuyi Mountains shoshonitic rocks and the Huichang shoshonitic rocks have
high La/Nb ratios, implying variable subduction influences (after Chen et al., 2008).
(b) Variation in theNb/La ratios between difference regionswith lowNb/La samples com-
ing from theWuyi Mountains whereas high Nb/La samples coming from the South China
interior.
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shoshonitic rocks (He et al., 2008), show obvious arc-signatures with a
variable Nb/La ratio of less than 0.5 (Fig. 13a). The notable declining
Nb/La ratios from west to east (Fig. 13b) suggest that subduction influ-
encewas probably limited in theWuyiMountains region, about 500 km
away from the trench, while it dramatically decreases further west to
the interior of the South China (west of the Wuyi Mountains). Such a
~500 km-wide subduction-affected zone implies a low-angle (Zhou
and Li, 2000) or flat (Li and Li, 2007) subduction (English et al., 2003;
Gutscher et al., 2000; Sommer and Gauert, 2011). Meng et al. (2012)
studied Mesozoic basalts from South China, and obtained a similar con-
clusion that the influence of subductionwasweak in the continental in-
terior (west of the Wuyi Mountains) during the early Mesozoic.

Here, we illustrated the petrogenesis of the shoshonitic rocks in the
northern Wuyi Mountains (Fig. 13), according to Li and Li (2007) pro-
posed tectonic model and our new results. (1) The initial subduction
probably began at ~280 Ma as evidenced by ~270 Ma calc-alkaline I-
type granites in Hainan Island and a detrital zircon age peak of
~280 Ma from the Middle to Late Permian sediments in southeastern
China (X.H. Li et al., 2006, 2012). The arrival of a buoyant oceanic pla-
teau at around 250Ma started toflatten the subducting slab, broadening
the subduction-modified SCLM (marked as MLM in Fig. 14a) further in-
land to theWuyi Mountains region. The subduction influence probably
reached the Wuyi Mountains region, ~500–600 km away from the
trench. (2) At Cretaceous (ca. 140 Ma), the flat slab rolled-back toward
the east, resulting in eastward-younging of the Cretaceous magmatism
in the Wuyi Mountain region and coastal zone of southeastern China
(Li and Li, 2007; Z.X. Li et al., 2012; Zhou and Li, 2000). The roll-back
of the flat-slab caused asthenospheric mantle upwelling and triggered
partial melting of the metasomatized lithospheric mantle above it and
produced the early Cretaceous shoshonitic magmatism in the northern
Wuyi Mountains (Fig. 14b).
Lithospheric mantle of South Chin

Asthenospheric mantle

(b)  ~140 Ma

Lithospheric mantle of South Ch

Asthenospheric mantle

(a)  ~270-240 Ma
Wuyi Mo

0 400 km

Fig. 14. A cartoon showing theMesozoic tectonic evolution of the southeastern China and the f
the roll-back of the shallow or flat slab (modified from Li and Li, 2007; Z.X. Li et al., 2012). MLM
6. Conclusion

SHRIMP zircon U–Pb dating results indicate that shoshonitic rocks in
the northern Wuyi Mountains occurred at 139–126 Ma. These Early
Cretaceous shoshonitic rocks are characterized by high-SiO2 and
potassium contents. Their geochemical features suggest that the rocks
were derived from an enriched subcontinental lithospheric mantle.
These rocks underwent significant fractional crystallization involv-
ing mainly K-feldspar, plagioclase, and accessory, such as mineral
apatite and Fe–Ti oxides, during ascent. They are likely formed dur-
ing the roll-back of the early Mesozoic subducted flat-slab,
representing the onset of the Cretaceous magmatism in South
China. A review of the geochemical results of lithospheric-mantle-
derived potassic rocks in South China reveals that influence of the
Mesozoic subduction system had probably reached the Wuyi Moun-
tains region, ca. 500–600 km away from the trench. Both the broad
metasomatized zone in the subcontinental lithospheric mantle, and
the occurrence of the shoshonitic intrusions in the Early Cretaceous
at northern Wuyi Mountains, imply a shallow (flat) subduction at
Early Mesozoic in South China.
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Appendix A
Appendix Table 1

SHRIMP U–Pb zircon data of shoshonitic rocks from the northernWuyi Mountains.
Grain
 U (ppm)
 Th (ppm)
 Th/U
 f206 (%)
 207Pb*/235U* (±1σ)
 206Pb*/238U (±1σ)
 206Pb/238U age
(Ma) (±1σ)
-1-1

.1
 166
 139
 0.84
 3.63
 0.174
 0.013
 0.0223
 0.0011
 142.0
 6.9

.1
 252
 211
 0.84
 5.32
 0.117
 0.011
 0.0207
 0.0004
 132.4
 3.4

.1
 325
 339
 1.04
 2.79
 0.170
 0.009
 0.0215
 0.0004
 136.8
 3.4

.1
 179
 182
 1.02
 2.62
 0.136
 0.028
 0.0214
 0.0005
 136.6
 3.9

.1
 173
 140
 0.81
 3.67
 0.137
 0.017
 0.0205
 0.0005
 131.0
 3.6

.1
 297
 266
 0.90
 1.48
 0.136
 0.011
 0.0215
 0.0004
 136.9
 3.3

.1
 330
 223
 0.68
 2.53
 0.150
 0.012
 0.0207
 0.0004
 132.3
 2.9

.1
 309
 352
 1.14
 2.06
 0.134
 0.009
 0.0209
 0.0007
 133.5
 6.0

.1
 582
 346
 0.59
 0.90
 0.145
 0.006
 0.0205
 0.0004
 131.0
 2.7

0.1
 141
 140
 0.99
 6.86
 0.173
 0.016
 0.0217
 0.0005
 138.3
 4.2

1.1
 135
 119
 0.88
 8.14
 0.087
 0.025
 0.0192
 0.0009
 122.8
 8.1

2.1
 468
 297
 0.63
 0.86
 0.171
 0.006
 0.0222
 0.0004
 141.8
 2.9

3.1
 287
 214
 0.75
 1.90
 0.138
 0.018
 0.0208
 0.0004
 133.0
 3.2

4.1
 99
 151
 1.53
 3.86
 0.169
 0.028
 0.0204
 0.0005
 130.0
 5.5

5.1
 299
 240
 0.80
 2.37
 0.133
 0.012
 0.0205
 0.0007
 130.6
 5.1

eighted mean (2σ) (n = 15)
 134.4
 2.3
6-2

.1
 528
 428
 0.81
 0.42
 0.153
 0.008
 0.0211
 0.0004
 134.4
 2.5

.1
 243
 323
 1.33
 1.75
 0.165
 0.020
 0.0213
 0.0005
 135.6
 3.3

.1
 171
 141
 0.82
 4.83
 0.120
 0.039
 0.0215
 0.0006
 137.2
 3.6

.1
 227
 249
 1.10
 2.98
 0.130
 0.025
 0.0207
 0.0005
 132.1
 3.2

.1
 134
 112
 0.84
 3.07
 0.165
 0.034
 0.0220
 0.0007
 140.5
 4.3

.1
 538
 461
 0.86
 1.14
 0.135
 0.010
 0.0216
 0.0004
 137.9
 2.4

.1
 60
 44
 0.73
 7.36
 0.163
 0.065
 0.0197
 0.0008
 125.8
 5.2

.1
 146
 115
 0.79
 3.13
 0.152
 0.031
 0.0214
 0.0005
 136.2
 3.4

.1
 228
 287
 1.26
 2.27
 0.159
 0.022
 0.0216
 0.0005
 137.5
 3.1

0.1
 129
 87
 0.67
 3.84
 0.142
 0.032
 0.0211
 0.0005
 134.5
 3.4

1.1
 589
 476
 0.81
 1.02
 0.139
 0.010
 0.0218
 0.0004
 138.7
 2.5

2.1
 469
 562
 1.20
 1.91
 0.128
 0.022
 0.0216
 0.0004
 138.0
 2.7

eighted mean (2σ) (n = 11)
 136.6
 1.8
-2-3

.1
 414
 322
 0.78
 2.70
 0.128
 0.008
 0.0219
 0.0004
 139.7
 3.1

.1
 406
 216
 0.53
 1.05
 0.153
 0.009
 0.0220
 0.0004
 140.5
 3.0

.1
 421
 284
 0.67
 3.01
 0.165
 0.009
 0.0228
 0.0004
 145.6
 3.2

.1
 91
 103
 1.13
 3.41
 0.167
 0.037
 0.0237
 0.0009
 150.9
 7.9

.1
 107
 72
 0.67
 3.63
 0.162
 0.024
 0.0223
 0.0006
 142.0
 5.2

.1
 1005
 814
 0.81
 0.46
 0.152
 0.005
 0.0225
 0.0004
 143.5
 3.0

.1
 381
 248
 0.65
 2.32
 0.133
 0.006
 0.0204
 0.0004
 129.9
 2.8

.1
 273
 226
 0.83
 3.83
 0.151
 0.010
 0.0213
 0.0004
 135.7
 3.4

0.1
 187
 225
 1.20
 3.91
 0.128
 0.023
 0.0212
 0.0005
 135.3
 4.4

1.1
 750
 1525
 2.03
 1.13
 0.164
 0.009
 0.0222
 0.0004
 141.3
 3.9

eighted mean (2σ) (n = 11)
 139.3
 3.9
-4

.1
 539
 519
 0.96
 −0.03
 0.129
 0.005
 0.0191
 0.0003
 121.7
 2.1

.1
 344
 402
 1.17
 −0.50
 0.137
 0.008
 0.0193
 0.0004
 123.2
 2.2

.1
 274
 201
 0.73
 1.01
 0.116
 0.009
 0.0212
 0.0004
 135.4
 2.5

.1
 516
 441
 0.85
 −0.23
 0.146
 0.008
 0.0205
 0.0004
 130.5
 2.3

.1
 241
 268
 1.11
 0.08
 0.130
 0.010
 0.0190
 0.0004
 121.2
 2.3

.1
 334
 261
 0.78
 0.12
 0.137
 0.007
 0.0200
 0.0004
 127.8
 2.3

.1
 167
 195
 1.17
 −0.57
 0.152
 0.011
 0.0201
 0.0004
 128.5
 2.5

.1
 126
 151
 1.20
 3.02
 0.074
 0.017
 0.0185
 0.0004
 118.3
 2.5

.1
 316
 389
 1.23
 0.19
 0.121
 0.008
 0.0195
 0.0004
 124.6
 2.3

0.1
 157
 174
 1.11
 2.22
 0.108
 0.019
 0.0193
 0.0004
 123.3
 2.6

1.1
 490
 449
 0.92
 0.36
 0.139
 0.006
 0.0208
 0.0004
 133.0
 2.3

2.1
 810
 1054
 1.30
 0.35
 0.122
 0.005
 0.0194
 0.0003
 123.7
 2.1

3.1
 111
 123
 1.11
 2.14
 0.087
 0.027
 0.0192
 0.0005
 122.9
 2.9

4.1
 303
 358
 1.18
 3.08
 0.147
 0.024
 0.0197
 0.0004
 125.7
 2.5

eighted mean (2σ) (n = 14)
 125.7
 2.7
W
The underlined datum is excluded in age calculation.



Appendix Table 2
Major and trace elements results of shoshonitic rocks from the northern Wuyi Mountains.

YC-1-1 YC-1-2 YC-1-3* YC-1-4* YC-1-5* YC-1-6 YC-3a YC-4 HG-4 HG-5 HG-6 HG-7 HG-8 HG-9 HG-10a HG-11 DA-1 DA-2-1 DA-2-2a DA-2-3

Major oxides (%)
SiO2 68.00 67.87 58.04 61.37 56.09 73.02 71.96 69.51 64.44 64.05 65.58 64.04 64.78 59.76 63.21 68.06 72.32 67.05 66.19 66.41
TiO2 0.45 0.49 1.29 0.87 1.43 0.23 0.29 0.37 0.72 0.70 0.73 0.77 0.62 0.75 0.65 0.51 0.23 0.48 0.48 0.51
Al2O3 14.38 14.46 15.07 15.07 15.70 13.68 12.92 15.10 15.19 15.35 14.62 14.23 15.53 17.93 14.04 13.02 13.97 14.99 14.69 14.19
FeO 3.76 4.00 7.71 5.56 8.42 2.49 2.76 3.08 6.33 6.23 6.06 7.62 5.69 5.74 7.41 5.96 2.63 3.77 3.80 3.99
MnO 0.07 0.07 0.16 0.13 0.15 0.05 0.06 0.05 0.13 0.14 0.13 0.18 0.12 0.10 0.14 0.14 0.04 0.06 0.07 0.07
MgO 0.75 0.77 2.40 1.51 2.85 0.27 0.35 0.25 0.45 0.45 0.53 0.40 0.41 1.29 0.33 0.17 0.17 0.79 0.76 0.87
CaO 1.57 1.40 3.83 3.36 3.93 0.89 1.44 0.67 2.21 2.57 2.27 2.34 1.94 3.37 2.53 1.40 0.71 1.78 2.36 2.53
Na2O 4.21 4.07 4.13 4.23 4.11 3.59 3.07 3.00 3.60 4.00 3.87 3.72 3.97 3.82 2.92 3.57 3.63 3.05 3.31 3.22
K2O 5.01 4.88 3.78 4.52 3.42 5.13 5.16 6.54 5.80 5.86 5.38 5.62 5.92 6.06 5.78 5.42 5.37 5.23 5.15 5.14
P2O5 0.14 0.16 0.68 0.40 0.77 0.06 0.07 0.08 0.23 0.22 0.24 0.24 0.19 0.27 0.15 0.10 0.04 0.16 0.16 0.18
LOI 1.65 1.81 2.94 2.99 3.06 0.55 1.93 1.41 0.85 0.41 0.59 0.79 0.75 0.79 2.73 1.65 0.87 2.64 2.94 2.94
Total 100.01 99.98 100.02 100.01 99.94 99.97 100.01 100.06 99.95 99.99 99.99 99.95 99.93 99.89 99.90 100.00 99.99 99.99 99.90 100.05
ACNK 0.95 1.00 0.84 0.84 0.89 1.05 0.98 1.14 0.94 0.87 0.90 0.86 0.94 0.94 0.90 0.91 1.07 1.08 0.96 0.92

Trace elements (ppm)
V 26.8 27.6 114 68.7 127 8.98 16.0 9.96 11.8 11.2 12.4 6.72 10.3 43.6 4.93 4.02 3.78 33.5 31.8 35.1
Cr 8.34 8.88 9.83 9.15 13.79 9.12 10.15 4.20 6.32 5.66 4.85 5.53 5.87 18.1 5.02 35.5 6.17 4.84 6.15 9.49
Co 4.64 4.84 14.0 9.27 15.6 1.85 2.97 2.41 3.02 2.49 3.21 2.22 2.35 6.52 1.12 1.24 1.22 4.35 4.31 4.88
Ni 7.71 1.13 3.43 2.87 13.41 4.27 3.21 1.31 3.32 4.10 1.29 1.66 17.5 18.3 4.74 44.8 9.51 60.8 7.96 8.22
Ga 18.9 19.1 20.5 19.6 21.0 18.4 17.2 20.2 25.8 25.7 25.2 27.0 24.7 18.5 26.9 28.4 19.9 19.3 19.1 18.8
Ge 1.13 1.19 1.55 1.60 1.44 1.45 1.39 1.37 1.66 1.77 1.51 1.43 1.67 1.39 2.13 1.98 1.67 1.29 1.38 1.37
Rb 195 194 147 171 131 262 221 244 159 135 149 167 186 134 182 211 248 224 209 205
Sr 238 216 519 438 550 116 142 126 124 117 121 73.0 109 334 44.3 35.2 72.1 145 169 176
Y 32.8 32.8 34.1 34.4 31.5 33.9 31.4 29.2 48.8 40.3 44.4 52.7 47.4 25.7 54.8 60.1 43.2 36.3 34.7 35.7
Zr 357 352 337 337 349 183 250 304 553 515 420 431 466 384 651 730 298 294 273 273
Nb 18.1 14.6 20.3 17.0 16.5 19.9 21.5 20.1 20.7 18.5 30.0 35.7 13.1 6.88 17.5 36.8 19.2 18.8 17.2 19.4
Cs 5.07 4.95 6.96 4.73 8.52 3.84 6.23 5.83 1.96 1.51 2.38 5.49 2.44 2.07 1.65 3.53 3.05 8.06 5.85 5.42
Ba 825 848 1336 1421 1358 397 563 1096 564 671 681 320 498 1072 179 99.1 163 561 593 582
La 86.0 85.9 81.6 81.3 81.0 64.5 62.2 89.5 83.0 62.1 82.7 88.7 77.8 70.7 92.0 107 106 61.2 59.1 60.8
Ce 161 161 161 154 158 118 118 168 157 120 169 188 149 127 177 204 197 119 115 119
Pr 18.3 18.4 19.9 18.4 19.1 13.5 13.6 17.8 18.8 14.4 19.1 21.7 17.5 14.4 20.9 23.7 22.1 14.2 13.9 14.3
Nd 64.5 65.7 75.4 68.6 74.2 46.4 49.0 60.8 70.6 56.3 72.0 83.7 64.7 51.6 79.1 88.3 76.2 52.5 51.1 53.5
Sm 10.5 10.5 12.5 11.3 12.1 7.78 8.17 9.23 12.4 10.2 12.7 15.1 11.6 7.91 13.6 15.0 11.8 9.79 9.48 9.74
Eu 1.39 1.41 2.48 2.19 2.83 0.70 0.92 1.41 2.67 3.11 3.03 2.45 2.30 1.84 1.88 1.29 0.64 1.25 1.28 1.24
Gd 7.32 7.43 9.01 8.50 8.95 6.53 6.32 7.29 10.1 8.38 11.1 13.0 9.20 5.44 11.4 12.2 8.71 8.16 7.87 8.08
Tb 1.21 1.23 1.41 1.29 1.32 1.00 1.08 1.01 1.59 1.29 1.57 1.92 1.47 0.83 1.72 1.88 1.46 1.33 1.28 1.28
Dy 6.54 6.68 7.24 7.14 6.66 5.73 5.95 5.44 8.99 7.06 8.58 10.4 8.26 4.46 9.55 10.2 8.09 7.26 7.00 7.32
Ho 1.25 1.24 1.31 1.33 1.21 1.15 1.14 1.05 1.69 1.35 1.71 2.03 1.53 0.83 1.78 1.91 1.50 1.34 1.28 1.34
Er 3.50 3.44 3.58 3.64 3.32 3.33 3.39 2.97 4.78 3.82 4.57 5.45 4.38 2.31 5.02 5.34 4.47 3.84 3.64 3.68
Tm 0.52 0.51 0.52 0.53 0.46 0.51 0.54 0.44 0.68 0.55 0.67 0.79 0.64 0.34 0.72 0.74 0.68 0.59 0.54 0.58
Yb 3.26 3.25 3.13 3.33 2.83 3.44 3.45 2.87 4.25 3.48 4.31 5.06 4.04 2.21 4.58 4.69 4.46 3.88 3.44 3.77
Lu 0.50 0.49 0.47 0.50 0.41 0.53 0.52 0.45 0.68 0.55 0.68 0.77 0.62 0.35 0.71 0.73 0.67 0.58 0.53 0.54
Hf 9.10 9.17 8.32 8.35 8.36 5.47 7.19 7.29 12.13 10.57 9.18 9.21 9.77 7.20 12.66 14.64 9.37 8.65 8.02 8.31
Ta 1.91 1.19 1.83 1.36 1.23 1.59 1.63 1.22 1.92 1.38 1.78 2.02 1.35 0.63 1.45 2.73 1.59 1.77 2.14 1.52
Pb 25.0 20.2 17.5 20.4 22.2 25.8 20.8 38.4 23.8 104 17.5 23.4 15.7 14.8 17.4 28.3 33.0 30.1 33.8 39.5
Th 25.7 26.1 15.0 20.6 14.0 34.4 30.0 27.7 20.0 13.5 18.7 18.2 21.3 15.3 19.2 22.9 39.0 27.1 25.2 25.7
U 3.39 3.61 2.50 3.29 2.11 5.00 4.81 2.53 2.13 2.10 3.07 3.06 3.18 2.55 2.81 3.06 4.25 4.13 3.96 4.10

The samples with asterisk are enclaves.
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Appendix Table 2 (continued)

DA-2-4a DA-2-5 DA-6-1 DA-6-2 DA-6-3a DA-6-4 DA-6-5 CF-1 CF-2 CF-3a CF-3b CF-3c CF-4 CF-5 ZX-6-1 ZX-6-2 ZX-6-3 W-2 MRG-1 GSR-1

Major oxides (%)
SiO2 67.12 66.42 63.37 64.80 64.34 62.92 63.30 61.10 62.58 66.68 61.63 60.48 61.73 66.33 67.03 67.68 66.27 52.36 39.17 72.81
TiO2 0.49 0.50 0.67 0.56 0.58 0.62 0.65 0.75 0.70 0.62 0.78 0.76 0.75 0.48 0.34 0.32 0.34 1.09 3.72 0.29
Al2O3 14.17 14.45 16.50 15.86 15.84 15.97 17.12 16.95 16.50 13.85 16.20 17.05 16.23 15.42 15.34 15.36 15.53 14.86 8.22 13.61
FeO 3.66 3.83 4.60 4.25 4.29 4.45 4.11 5.42 5.00 5.48 5.85 5.50 5.38 4.11 3.63 3.59 3.67 10.65 17.70 2.15
MnO 0.07 0.08 0.10 0.09 0.07 0.09 0.10 0.11 0.10 0.12 0.13 0.11 0.08 0.09 0.08 0.08 0.08 0.17 0.17 0.06
MgO 0.83 0.82 1.05 0.74 0.85 0.82 0.53 1.27 1.13 0.41 1.57 1.28 1.19 0.57 0.33 0.30 0.35 6.63 13.49 0.42
CaO 2.21 2.42 3.11 2.35 2.05 2.66 3.42 3.69 3.14 1.85 2.83 2.96 2.25 1.77 1.66 1.86 1.88 10.79 15.03 1.61
Na2O 2.88 3.02 3.58 3.65 3.56 3.46 3.52 3.07 3.21 3.57 3.08 3.30 3.42 3.70 3.24 3.36 3.17 2.11 0.71 3.28
K2O 5.59 5.33 5.53 5.87 6.10 6.14 5.75 5.82 6.02 5.39 5.98 6.74 6.03 6.20 6.32 6.26 6.35 0.62 0.18 4.97
P2O5 0.16 0.17 0.23 0.16 0.16 0.19 0.20 0.28 0.25 0.18 0.31 0.28 0.29 0.13 0.09 0.08 0.08 0.12 0.05 0.10
LOI 2.87 2.92 1.28 1.68 2.14 2.65 1.30 1.56 1.40 1.91 1.66 1.51 2.66 1.22 1.91 1.15 2.31 0.60 1.56 0.69
Total 100.05 99.96 100.01 100.02 100.00 99.97 100.01 100.02 100.02 100.08 100.01 99.98 100.01 100.03 99.99 100.02 100.04 100.01 99.99 100.00
ACNK 0.96 0.95 0.94 0.95 0.98 0.93 0.94 0.94 0.94 0.92 0.97 0.94 1.00 0.96 1.01 0.98 1.00

Trace elements (ppm)
V 31.3 33.7 33.1 32.4 28.4 30.3 28.1 45.3 40.7 39.7 48.5 49.2 55.9 19.0 15.4 12.0 15.3 261 525 24.6
Cr 4.63 5.54 9.58 6.55 5.48 6.10 6.96 8.86 6.80 8.44 12.99 9.26 8.20 8.19 6.8 10.5 7.42 87.9 436 11.2
Co 4.51 4.63 6.59 4.36 4.56 4.58 4.35 7.62 6.92 6.54 8.62 7.02 7.49 3.11 2.65 1.99 2.56 43.6 86.0 2.79
Ni 10.9 6.83 5.14 2.04 2.31 8.47 4.71 3.71 3.25 3.43 7.74 4.29 3.42 3.96 2.21 1.76 1.73 85.7 200 5.45
Ga 18.4 19.3 19.8 20.7 20.4 19.9 19.4 20.1 19.7 19.3 19.7 19.3 20.0 20.0 20.4 20.6 20.0 17.6 17.9 20.2
Ge 1.54 1.29 1.17 1.42 1.18 1.51 1.38 1.01 1.04 1.15 1.06 1.05 1.14 1.33 1.52 1.29 1.34 1.83 1.49 2.31
Rb 254 218 151 173 179 167 134 150 154 141 147 158 158 181 185 175 186 19.0 7.34 466
Sr 187 168 452 428 306 317 421 454 403 363 433 421 399 170 173 227 151 187 253 111
Y 33.5 37.1 26.0 27.6 27.4 28.0 22.9 25.4 27.5 25.3 27.1 25.8 25.7 29.9 24.4 22.5 23.2 20.6 12.9 62.9
Zr 312 296 393 417 408 496 380 307 286 309 299 279 279 478 524 333 546 102 105 152
Nb 20.4 18.2 18.0 19.1 19.1 16.2 14.1 13.8 14.9 14.7 14.3 14.9 14.5 18.4 14.1 14.1 14.7 7.82 18.6 32.0
Cs 6.09 6.58 4.35 4.15 4.94 4.30 2.94 2.78 2.73 2.29 2.45 2.32 4.96 2.61 3.03 4.42 2.81 0.91 0.68 38.4
Ba 786 672 1460 1037 954 1014 1570 1364 1513 1267 1481 1440 1343 641 1336 1151 1379 168 55.8 334
La 62.2 60.3 92.1 138 138 125 66.7 83.7 85.9 82.8 85.8 82.8 87.4 159 216 173 187 10.3 8.67 55.8
Ce 121 116 173 256 254 219 120 149 164 147 164 147 162 275 368 296 323 23.9 23.9 111
Pr 14.4 14.0 18.4 26.5 26.4 24.3 14.0 17.0 17.6 16.8 17.6 16.9 17.6 28.4 39.4 29.7 34.9 3.03 3.73 13.5
Nd 53.0 52.7 64.9 89.2 89.3 86.0 51.0 61.7 62.2 59.5 63.2 60.4 62.5 95.6 130.4 98.2 115 13.2 18.0 49.4
Sm 9.83 9.82 9.57 11.9 11.8 11.5 8.06 9.27 9.57 9.05 9.66 9.15 9.53 12.5 14.5 12.0 13.5 3.13 4.25 10.1
Eu 1.44 1.32 2.29 1.76 1.70 1.75 2.31 2.60 2.36 2.26 2.33 2.32 2.49 1.53 1.73 1.67 1.90 1.03 1.32 0.87
Gd 7.90 8.37 7.69 8.89 8.95 7.07 5.68 7.71 7.87 7.34 7.94 7.48 7.72 9.59 8.78 8.34 8.16 3.66 4.01 9.38
Tb 1.29 1.31 0.96 1.07 1.07 1.16 0.85 0.97 1.01 0.95 1.02 0.99 1.01 1.14 1.04 0.87 0.97 0.59 0.56 1.71
Dy 6.88 7.47 5.06 5.42 5.54 6.00 4.61 4.86 5.10 4.94 5.29 5.00 5.02 5.88 5.25 4.46 4.97 3.63 2.81 10.4
Ho 1.28 1.41 0.97 1.01 1.03 1.10 0.86 0.94 1.01 0.96 0.99 0.95 0.96 1.13 0.95 0.83 0.88 0.72 0.49 2.09
Er 3.55 3.91 2.71 2.81 2.86 3.16 2.43 2.49 2.73 2.59 2.68 2.65 2.56 3.08 2.75 2.23 2.71 2.02 1.10 6.52
Tm 0.53 0.61 0.38 0.41 0.42 0.47 0.36 0.36 0.40 0.37 0.39 0.36 0.37 0.46 0.41 0.34 0.39 0.31 0.16 1.07
Yb 3.49 4.05 2.56 2.74 2.76 3.04 2.40 2.34 2.61 2.42 2.46 2.43 2.34 3.08 2.58 2.22 2.47 1.89 0.90 7.47
Lu 0.53 0.59 0.41 0.43 0.44 0.47 0.37 0.37 0.40 0.38 0.39 0.37 0.37 0.47 0.42 0.35 0.39 0.29 0.12 1.16
Hf 9.11 8.92 8.00 8.49 8.36 12.5 9.34 6.60 6.52 6.81 6.54 6.19 6.27 9.61 12.6 7.66 12.5 2.65 3.80 5.87
Ta 1.33 1.73 1.07 1.07 1.10 1.22 1.54 0.83 0.92 0.89 0.87 0.89 0.90 1.13 1.15 0.82 1.17 0.60 0.69 7.62
Pb 30.2 35.2 22.8 25.9 25.5 43.3 33.2 22.8 23.3 26.5 23.6 23.8 23.6 28.4 36.2 41.5 26.1 10.397 3.35 28.0
Th 24.4 26.5 19.2 25.0 24.0 23.3 14.8 17.0 19.5 18.1 18.0 17.7 18.9 28.8 28.3 25.2 25.7 2.15 0.79 54.0
U 3.66 4.45 2.87 3.03 3.08 3.16 2.23 2.60 2.51 3.05 2.89 2.76 2.79 3.35 2.58 3.17 3.14 0.56 0.24 18.8
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Appendix Table 3

Sr and Nd isotopic data of shoshonitic rocks from the northern Wuyi Mountains.
Sample
Y
Y
Y
Y
Y
D
D
D
D
D
D
D
Z
Z
Z
H
H
H
H
H
C
C
C
C

Z6
1
2
3
4
5
6
7
8
9
1
1

Y
1
2
3
4
5
6
7
8
9
1
1
1
1
1
1

D
1
2
3
4
5
6
7
8
9
1
1

87Rb/86Sr
 87Sr/86Sr
 ±2σ
 ISr

147Sm/144Nd
 143Nd/144Nd
 ±2σ
 TDM (Ga)
 εNd(t)
-1-1
 2.36
 0.713225
 0.000016
 0.70873
 0.098
 0.512055
 0.000009
 1.44
 −9.68

-1-4
 1.13
 0.711124
 0.000013
 0.70897
 0.100
 0.512073
 0.000009
 1.44
 −9.37

-1-5
 0.69
 0.710424
 0.000016
 0.70911
 0.099
 0.512070
 0.000011
 1.43
 −9.41

-1-6
 5.86
 0.719930
 0.000016
 0.70876
 0.102
 0.512071
 0.000010
 1.47
 −9.45

-3a
 4.52
 0.716918
 0.000013
 0.70831
 0.101
 0.512038
 0.000008
 1.50
 −10.06

-1
 9.99
 0.728803
 0.000013
 0.70906
 0.094
 0.512173
 0.000009
 1.24
 −7.24

-2-1
 4.49
 0.716753
 0.000019
 0.70789
 0.113
 0.512197
 0.000010
 1.44
 −7.12

-2-3
 3.37
 0.714370
 0.000016
 0.70772
 0.110
 0.512217
 0.000010
 1.37
 −6.69

-6-2
 1.21
 0.710579
 0.000016
 0.70820
 0.082
 0.512178
 0.000008
 1.12
 −6.94

-6-3a
 1.75
 0.711591
 0.000019
 0.70814
 0.081
 0.512155
 0.000009
 1.15
 −7.38

-6-4
 1.52
 0.711014
 0.000013
 0.70801
 0.081
 0.512088
 0.000011
 1.22
 −8.67

-6-5
 0.92
 0.709672
 0.000013
 0.70785
 0.095
 0.512186
 0.000010
 1.24
 −7.02

-6-1
 3.10
 0.717232
 0.000019
 0.71119
 0.067
 0.511983
 0.000011
 1.22
 −10.52

-6-2
 2.26
 0.715758
 0.000010
 0.71136
 0.073
 0.512028
 0.000011
 1.21
 −9.74

-6-3
 3.56
 0.718502
 0.000019
 0.71156
 0.071
 0.512000
 0.000012
 1.23
 −10.26

-4
 3.72
 0.715547
 0.000013
 0.70889
 0.106
 0.512152
 0.000011
 1.41
 −8.03

-6
 3.30
 0.714560
 0.000026
 0.70865
 0.105
 0.512266
 0.000009
 1.24
 −5.79

-7
 5.72
 0.719959
 0.000019
 0.70972
 0.109
 0.512261
 0.000010
 1.29
 −5.94

-9
 1.16
 0.718272
 0.000013
 0.71619
 0.093
 0.512263
 0.000008
 1.12
 −5.65

-10a
 11.9
 0.734770
 0.000019
 0.71343
 0.104
 0.512273
 0.000009
 1.22
 −5.63

-1
 1.01
 0.711001
 0.000016
 0.70923
 0.092
 0.512124
 0.000009
 1.28
 −8.39

-2
 1.18
 0.711161
 0.000014
 0.70910
 0.093
 0.512150
 0.000010
 1.26
 −7.89

-3a
 5.04
 0.719500
 0.000013
 0.71069
 0.108
 0.512146
 0.000012
 1.45
 −8.21

-3c
 1.19
 0.711287
 0.000020
 0.70921
 0.092
 0.512077
 0.000010
 1.35
 −9.31

-5
 3.18
 0.715545
 0.000014
 0.70999
 0.080
 0.512129
 0.000008
 1.16
 −8.10
C
Appendix Table 4

Zircon Hf isotopic data of shoshonitic rocks from the northernWuyi Mountains.
Spot #
 176Lu/177Hf
 176Hf/177Hf
 ±2σ
 εHf(t)
 ±2σ
 TDM (Ga)
 TDMC(Ga)
-2, age = 137 Ma

0.00085
 0.282452
 0.000025
 −8.4
 0.4
 1.13
 1.72

0.00148
 0.282366
 0.000028
 −11.5
 0.5
 1.27
 1.92

0.00181
 0.282421
 0.000027
 −9.6
 0.5
 1.20
 1.80

0.00113
 0.282405
 0.000024
 −10.1
 0.4
 1.20
 1.83

0.00068
 0.282390
 0.000028
 −10.6
 0.5
 1.21
 1.86

0.00033
 0.282393
 0.000022
 −10.4
 0.4
 1.19
 1.85

0.00101
 0.282401
 0.000030
 −10.2
 0.5
 1.20
 1.84

0.00196
 0.282417
 0.000022
 −9.7
 0.4
 1.21
 1.81

0.00087
 0.282414
 0.000023
 −9.7
 0.4
 1.18
 1.81
0
 0.00104
 0.282400
 0.000023
 −10.2
 0.4
 1.20
 1.84

1
 0.00114
 0.282374
 0.000024
 −11.2
 0.4
 1.25
 1.90
1-1 01, age = 134 Ma

0.00096
 0.282450
 0.000026
 −8.5
 0.5
 1.13
 1.73

0.00128
 0.282466
 0.000029
 −8.0
 0.5
 1.12
 1.70

0.00125
 0.282512
 0.000029
 −6.4
 0.5
 1.05
 1.60

0.00121
 0.282441
 0.000025
 −8.9
 0.4
 1.15
 1.75

0.00076
 0.282461
 0.000025
 −8.1
 0.4
 1.11
 1.71

0.00115
 0.282473
 0.000028
 −7.7
 0.5
 1.11
 1.68

0.00155
 0.282451
 0.000023
 −8.6
 0.4
 1.15
 1.73

0.00215
 0.282472
 0.000041
 −7.9
 0.7
 1.14
 1.69

0.00083
 0.282465
 0.000027
 −8.0
 0.5
 1.11
 1.70
0
 0.00103
 0.282425
 0.000035
 −9.4
 0.6
 1.17
 1.79

1
 0.00065
 0.282401
 0.000033
 −10.3
 0.6
 1.19
 1.84

2
 0.00147
 0.282400
 0.000057
 −10.3
 1.0
 1.22
 1.85

3
 0.00098
 0.282469
 0.000035
 −7.9
 0.6
 1.11
 1.69

4
 0.00125
 0.282430
 0.000034
 −9.3
 0.6
 1.17
 1.78

5
 0.00085
 0.282407
 0.000031
 −10.1
 0.5
 1.19
 1.83
2-3, age = 139 Ma

0.00088
 0.282464
 0.000026
 −7.9
 0.5
 1.11
 1.70

0.00100
 0.282474
 0.000025
 −7.6
 0.4
 1.10
 1.67

0.00074
 0.282466
 0.000018
 −7.8
 0.3
 1.10
 1.69

0.00138
 0.282489
 0.000034
 −7.1
 0.6
 1.09
 1.64

0.00142
 0.282320
 0.000037
 −13.1
 0.7
 1.33
 2.02

0.00085
 0.282497
 0.000025
 −6.8
 0.4
 1.06
 1.62

0.00138
 0.282471
 0.000032
 −7.7
 0.6
 1.12
 1.68

0.00093
 0.282424
 0.000023
 −9.3
 0.4
 1.17
 1.79

0.00089
 0.282473
 0.000029
 −7.6
 0.5
 1.10
 1.68
0
 0.00072
 0.282361
 0.000040
 −11.5
 0.7
 1.25
 1.93

1
 0.00283
 0.282589
 0.000085
 −3.7
 1.5
 0.99
 1.43
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ppendix Table 4 (continued)
Spot #
H
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
2

176Lu/177Hf
 176Hf/177Hf
 ±2σ
 εHf(t)
 ±2σ
 TDM (Ga)
 TDMC(Ga)
ong-4, age = 125 Ma

1
 0.00258
 0.282407
 0.000063
 −10.4
 1.1
 1.25
 1.84

2
 0.00178
 0.282562
 0.000028
 −4.8
 0.5
 1.00
 1.49

3
 0.00279
 0.282699
 0.000056
 −0.1
 1.0
 0.82
 1.19

4
 0.00100
 0.282481
 0.000025
 −7.6
 0.4
 1.09
 1.67

5
 0.00186
 0.282648
 0.000028
 −1.8
 0.5
 0.88
 1.30

6
 0.00101
 0.282646
 0.000033
 −1.8
 0.6
 0.86
 1.30

7
 0.00209
 0.282548
 0.000039
 −5.4
 0.7
 1.03
 1.52

8
 0.00185
 0.282584
 0.000034
 −4.1
 0.6
 0.97
 1.44

9
 0.00156
 0.282499
 0.000038
 −7.1
 0.7
 1.08
 1.63

0
 0.00177
 0.282763
 0.000081
 2.3
 1.4
 0.71
 1.04

1
 0.00194
 0.282539
 0.000042
 −5.7
 0.7
 1.03
 1.54

2
 0.00139
 0.282547
 0.000025
 −5.3
 0.4
 1.01
 1.52

3
 0.00081
 0.282523
 0.000023
 −6.1
 0.4
 1.03
 1.57

4
 0.00062
 0.282513
 0.000033
 −6.5
 0.6
 1.03
 1.59

5
 0.00082
 0.282582
 0.000021
 −4.0
 0.4
 0.94
 1.44

6
 0.00110
 0.282579
 0.000026
 −4.2
 0.5
 0.95
 1.45

7
 0.00075
 0.282425
 0.000025
 −9.6
 0.4
 1.16
 1.79

8
 0.00067
 0.282579
 0.000028
 −4.1
 0.5
 0.94
 1.45

9
 0.00185
 0.282514
 0.000024
 −6.5
 0.4
 1.07
 1.60

0
 0.00116
 0.282599
 0.000031
 −3.5
 0.5
 0.93
 1.40

1
 0.00083
 0.282648
 0.000052
 −1.7
 0.9
 0.85
 1.29
2
Calculated processes and parameters are similar as Li et al. (2007).
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