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Abstract The South China Block (SCB) is formed by the
amalgamation of the Yangtze and Cathaysia blocks during
the Early Neoproterozoic along the Jiangnan Orogen.
However, the precise amalgamation time of these two
blocks and the location of the united SCB in the Rodinia
supercontinent remain highly debatable. Various tectonic
models have been proposed and they may have different
implications for the crustal thickness evolution of the
central SCB in Early Neoproterozoic. To evaluate these
models, this paper uses a recently calibrated Eu/Eu*-in-
zircon proxy to reconstruct crustal thickness evolution of
the central SCB during Early Neoproterozoic. I compiled
and screened U-Pb ages and trace elements of 900-700 Ma
detrital zircons from the central SCB and then calculated
the zircon Eu/Eu* values. The age-binned average zircon
Eu/Eu* displays a decreasing trend from 870 to 790 Ma,
and thus indicates no significant crustal thickening event
occurred during this time interval. This finding seems to be
inconsistent with tectonic models that the Yangtze and
Cathaysia blocks amalgamated during this time interval.
Yet, given that available coupled detrital zircon U-Pb and
trace element datasets are very limited, additional studies
are warranted to further evaluate this hypothesis.
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1 Introduction

The South China Block (SCB), one of the largest conti-
nental blocks in East Asia, was formed by the amalgama-
tion of the Yangtze Block in the northwest and the
Cathaysia Block in the southeast (modern coordinates,
Fig. 1) along the Jiangnan orogen (also referred to as
“Sibao” or “Jinning” orogen in the literature) during
Neoproterozoic (Cawood et al. 2020; Charvet 2013; Li
et al. 2008a, b, 2009; Shu et al. 2021; Zhao and Cawood
2012; Zhou et al. 2002). The assemblage of the unified
SCB is thought to be related to the evolution of the Neo-
proterozoic supercontinent Rodinia as the SCB is widely
accepted as an integral part of the supercontinent (Li et al.
2008a, b). However, controversies exist regarding the exact
timing of the amalgamation between the Yangtze and
Cathaysia blocks and the precise position of SCB in the
Rodinia, although extensive structural, metamorphic,
stratigraphic, petrological, geochronological, geochemical,
and geophysical studies have been carried out (Li et al.
2008a, b, 2009, 2010; Lu et al. 2022; Park et al. 2021; Shu
et al. 2021; Wang and Li 2003; Wang et al. 2012, 2014;
Yang et al. 2015; Yao et al. 2021; Zheng et al. 2008; Zhou
et al. 2002). There are two major viewpoints regarding
these two related questions. One school of researchers
believed that the amalgamation between the Yangtze and
Cathaysia blocks took place at ca. 1.0-0.9 Ga (Li et al.
2008a, b, 2009, 2010; Yang et al. 2015) as a part of the
worldwide Grenvillian-aged orogenic events associated
with the assemblage of Rodinia, and the SCB occupied an
internal position within the supercontinent (Li et al.
2002, 2008a, b). The other group of researchers argued that
the Yangtze—Cathaysia amalgamation occurred at ca. 0.82
Ga, significantly later than the global Grenville orogeny,
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and the SCB occupied a peripheral location in the Rodinia
(Cawood et al. 2020; Shu et al. 2021; Wang et al. 2019; Xu
et al. 2014; Zhang et al. 2012; Zhao et al. 2011). These two
tectonic models may correspond to different crustal thick-
ness evolution of central SCB during the Neoproterozoic
period.

Recent studies found that europium anomalies [Eu/Eu*;
chondrite normalized Eu = /(Sm x Gd)] in detrital zir-
cons can be used to reconstruct crustal thickness evolution
(Tang et al. 2021a, b). Uniquely among the REE, which are
usually trivalent (except Ce), Eu can exist as both a diva-
lent cation (Eu>") and a trivalent cation (Eu*™). Eu®" is
preferentially incorporated into the Ca’" site of plagio-
clase, whereas it is less compatible in zircon than Eu’™" as
the size and charge of Eu*>" are more different from Zr*"
than those of Eu’* (Burnham and Berry 2012; Hoskin and
Schaltegger 2003; Loader et al. 2017; Viala and Hattori
2021). Thus, zircon Eu anomaly is influenced by the
magmatic oxidation state and the plagioclase fractional
crystallization or residual (Hoskin and Schaltegger 2003;
Kong 2022; Loader et al. 2017; Trail et al. 2012). Intense
crustal thickening destabilizes plagioclase and stabilizes
garnet, the latter of which increases the Fe3+/FeT ratio
(ferric Fe to total Fe ratio, Fer = Fe** 4+ Fe?") of the
residual melt as garnet prefers ferrous (Fe>") over ferric
jon (Fe*™) (Tang et al. 2019, 2021b). The elevated Fe’*/
Fer would then oxidize Eu?" and enhance Eu partitioning
in zircon (Tang et al. 2021b). The collective effect is that
zircon Eu/Eu* positively correlates with crustal thickness.
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In this contribution, I compile Early Neoproterozoic
detrital zircon U-Pb geochronological and trace element
data along Jiangnan orogen in an attempt to advance the
debate on the timing of amalgamation between the Yangzte
and Cathaysia blocks and evaluate the various proposed
models for the assemblage of SCB using recently cali-
brated Eu/Eu*-in-zircon crustal thickness proxy.

2 Geological background

The SCB is separated from the North China Craton to the
north by the Qinling—Dabie—Sulu orogenic belt, from the
Songpan—Gantze terrane to the northwest by the Long-
menshan Fault, from the Indochina Block to the southwest
by the Ailaoshan—Song Ma suture zone and is bounded to
the southeast by the Pacific Ocean but extends beyond the
Chinese mainland (Fig. 1). The SCB is composed of the
Yangtze Block in the northwest and the Cathaysia Block in
the southeast which were sutured together along the
Jiangnan Orogen during the Neoproterozoic, although the
specific timing of the collision between these two blocks is
still controversial (Li et al. 2008a, b; Shu et al. 2019; Zhao
et al. 2011). The Jiangnan orogen is a NE-SW trending
mobile belt through the middle of SCB, with a width of
~ 120 km and a length of ~ 1500 km, which extends
from southern Anhui and western Zhejiang provinces in the
east, through northern Jiangxi in the center, to eastern
Guizhou, northern Guangxi, and western Hunan in the west
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(Kou et al. 2018). Generally, the boundary between
Yangtze and Cathaysia blocks in the northeast is consid-
ered to be the Jiangshan—Shaoxing Fault, whereas the
boundary in the southwest is still disputed (Guo and Gao
2018; Shu et al. 2019; Zhao and Cawood 2012).

Shortly after the amalgamation of the Yangtze and
Cathaysia blocks, the unified SCB experienced intense
rifting along the Jiangnan orogen in the Neoproterozoic,
resulting in the formation of an intracontinental Nanhua rift
basin between the Yangtze and Cathaysia blocks (Li et al.
2010). This rift basin hosted thick Neoproterozoic sedi-
mentary successions consisting of several major uncon-
formity-bounded sequence-sets (Wang and Li 2003) and
was succeeded by a foreland basin during the Ediacaran-
Early Paleozoic (Yao et al. 2015). Early Neoproterozoic
granites and volcanic rocks are widespread in the SCB,
especially around the periphery of the Yangtze Block (Lyu
et al. 2017; Zhao et al. 2018). They are the major sources of
the Neoproterozoic detrital zircons in the central SCB
(Wang et al. 2012; Yang et al. 2015; Yao et al. 2012).

3 Methods and data compilation

The [La/Yb]y (the subscript N means chondrite normal-
ized) ratios of magmatic rocks have been found to posi-
tively correlate with crustal thickness (Hu et al.
2017, 2020; Profeta et al. 2015). This geochemical dis-
crimination is possible due to the different affinity of these
rare earth elements to garnet and/or amphibole. At higher
pressure or greater depth, heavy rare earth elements HREEs
(e.g., YD) are preferentially incorporated into garnet and/or
amphibole, whereas light rare earth elements LREEs (e.g.,
La) readily enter the liquid phase, leading to high La/Yb
ratios. In contrast, at lower pressure or depth, HREEs
preferentially partition into the liquid phase, resulting in
low La/Yb ratios. Therefore, larger whole rock La/Yb
ratios signify rocks formed at higher pressures and greater
depths, and thus within thicker crust (Hu et al. 2017; Lieu
and Stern 2019; Profeta et al. 2015). Consequently, La/Yb
ratios in magmatic rocks are often used to quantitate the
average crustal pressure and the corresponding depth at
which rocks are formed (Hu et al. 2017; Leon et al. 2021;
Wang et al. 2022; Zeng et al. 2022; Zhu et al. 2017).
However, for deep time, its application to estimate
crustal thickness is limited by the increasingly significant
issue of preservation of rock records, because this whole
rock chemistry method requires extensive sampling over
large areas in the field. Tang et al. (2021b) found that
within intermediate to felsic rocks, the amplitude of Eu
anomalies in detrital zircons correlates with the whole rock
La/YDb ratios. Eu anomalies in detrital zircons have been
used to calculate crustal thickness (Carrapa et al. 2022;

Tang et al. 2021a; Zeng et al. 2022). The zircon-based
crustal thickness proxy may be a more convenient paleo-
mohometric tool than the whole-rock approach, which can
extract information about orogen-wide patterns from just a
few batches of carefully targeted zircon-bearing sedimen-
tary rocks (Luffi and Ducea 2022). Another advantage of
Eu/Eu*-in-zircon proxy is that zircon is a ubiquitous
mineral and can survive most erosion and weathering
processes. Not only are zircons exceptionally well pre-
served in sedimentary rocks and carry age information for
the original magmatic sources, but zircons preserved in the
detrital archive can span almost the entire range of Earth’s
age, which can fill gaps in Earth’s history where rock
records are missing and provide a continuous record of
crustal thickness evolution (Tang et al. 2021b).

In this study, to test the tectonic models of the amal-
gamation between the Yangtze and Cathayia blocks, I use
the Eu anomaly proxy of the detrital zircons as a senor for
crustal thickness evolution from 900 to 700 Ma. I compiled
previously published detrital zircon U-Pb age data with
trace element concentration analyses conducted on the
same individual grains from central SCB and their P con-
tents (if available) (Jiang et al. 2019, 2020; Meng et al.
2015; Qi et al. 2021; Song et al. 2020; Wu et al. 2018;
Xiong et al. 2019; Xu et al. 2018; Yao et al. 2012; Zhang
et al. 2015, 2016, 2019). Only zircon ages that are within
90%-110% of concordance [100 x (206Pb/238U age/207’
Pb/?%°Pb age)] were accepted and 2°°Pb/**®U ages were
used as their crystallization ages. The compilation contains
685 geochronological and trace element analyses of detrital
zircon grains whose ages range from 900 to 700 Ma.
Compiled data were further filtered using the methods of
Tang et al. (2021a, b) and Zhu et al. (2020) before applying
the Eu/Eu*-in-zircon crustal thickness proxy. The Neo-
proterozoic granites in central SCB can be divided into
three distinct groups, namely I-type (igneous protoliths),
S-type (sedimentary protoliths), and A-type (shallow
emplacement) granitoid. I-type and A-type samples show a
positive correlation between zircon Eu/Eu* and whole rock
[La/Yb]y, while zircon Eu/Eu* does not correlate with the
whole rock [La/Yb]y in S-type granitoid (Tang et al.
2021b). The concentration of P in zircon is an effective
fingerprint for identifying zircons derived from S-type
granitoid (Burnham and Berry 2012; Zhu et al. 2020),
which should be filtered out before applying the Eu/Eu*-in-
zircon crustal thickness proxy. In this study, I removed the
zircon analyses with a molar P concentration > 15
pmol-g ", likely sourced from S-type granitoid (Zhu et al.
2020). I further discarded datasets with Th/U < 0.1 to
exclude the effects of metamorphic overgrowth (Hoskin
and Schaltegger 2003; Tang et al. 2021b). The zircon
analysis with high La concentrations (> 1 ppm) was also
rejected because high La zircon (La > 1 ppm) may reflect
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contamination of analyses by inclusions (Tang et al.
2021b). The above screening treatments downsized the
dataset to n = 451 (Table S1), which was used to infer the
timing of crustal thickening. Sample locations are shown in
Fig. 1.

4 Results

The concentration of selected trace elements, Eu/Eu* val-
ues, and U-Pb age data of all filtered detrital zircons are
presented in Table S1. Figure 2 shows the scatter plot of all
filtered detrital zircons Eu/Eu* versus their crystalline ages
(206Pb/238U age between 900 and 700 Ma, n = 451). There
is no clear trend observable due to scattering in the data. To
better understand the Eu/Eu* trend over time, I binned all
the filtered data by the age variable into 10 bins of 20 m.y.
intervals. There are 54, 53, 53, 92, 79, 39, 36, 27, 13, and 5
detrital zircon grains within the 899-880, 879-860,
859-840, 839-820, 819-800, 799-780, 779-760, 759-740,
739-720 and 719-700 Ma, respectively (see Table S1).
Here, I use age-binned average detrital zircon Eu/Eu* of
20 m.y. intervals to show the Eu/Eu* trend over time.
When calculating the age-binned average Eu/Eu* value in
each 20 m.y. interval, the following criteria are applied to
screen Eu/Eu* values in Table S1 to reduce scatter and
bias: (1) when the number of analyses within an interval is
limited or there are no obvious outliers, the lowest and
highest values are excluded; (2) when the number of
analyses within an interval is large, we remove analyses
showing the highest 5% and lowest 5% Eu/Eu* values
within each 20 m.y. interval. After this screening, 407 out
of 451 analyses satisfy the criteria. This screening proce-
dure does not change the overall Eu/Eu* variation pattern.
The overall Eu/Eu* trend implied by the binned aver-
ages for every 20 m.y. interval is shown in Fig. 3. This

figure displays a decreasing trend of Eu/Eu* from 870 to
790 Ma. Eu/Eu* fluctuates frequently between 790 and
730 Ma without any obvious overall trend. A similar Eu/
Eu* pattern, shown in figure S1, was observed when data
were plotted as the median Eu/Eu* values for each age
group. The empirical equation suggested by (Tang et al.
2021b) was used to calculate the crustal thickness:

H= (84.2492) x Eu/ Eu" + (24.5+3.3).

where H is the crustal thickness (in km), and Eu/Eu* is the
average Eu/Eu* value in each bin. Calculated age-binned
average crustal thickness data are plotted as running
averages with two standard errors (Fig. 3a). The age-bin-
ned average crustal thickness values during 900-700 Ma
estimated using Eu/Eu* in detrital zircon exhibit the same
trend of Eu/Eu* values and vary between 40 and 50 km
(Fig. 3a).

5 Discussion and conclusions

The variation of crustal thickness through time can provide
critical insights into the understanding of tectonic evolu-
tion. The central Andes are the type-example of a mountain
range constructed by crustal thickening and shortening that
result from an accretionary orogen (McGlashan et al.
2008). The crustal thickness beneath the central Andean
Plateau is on the order of 60-70 km (Garzione et al. 2008).
The Tibetan Plateau, formed from the sequential accretion
of continental fragments and island arc terranes beginning
during the Paleozoic and culminating during the Cenozoic
India—Asia collision, has the thickest crust of 60-80 km
(Sundell et al. 2021). The crust of both subduction-related
and collision-related mountain belts is observed to thicken
significantly. In contrast, the East African rift system, a
classic example of a continental rift, has a relatively thinner
crustal thickness of about 30 km (Braile et al. 1994).
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The reconstructed crustal thickness of South China from
age-binned average Eu/Eu* in detrital zircons during
900-700 Ma is on the order of 40-50 km (Fig. 3), con-
sistent with the contemporary mean crustal thickness cal-
culated from global detrital zircon database (Tang et al.
2021a). The calculated crustal thickness during
900-700 Ma is thicker than the modern normal continental
thickness, which could be explained by the gradual crust
thinning after a continent collision or the limited data size
as the robustness of calculated crustal thickness is sensitive
to the number of zircon analyses (Tang et al. 2021b).
Interpretation of the absolute values of average crustal
thickness of South China during 900-700 Ma could be
ambiguous, and the trend of the crustal thickness values is
more meaningful.

The detrital zircons from South China present a
decreasing trend of Eu/Eu* from 870 to 790 Ma (Fig. 3).
The crustal thickness is positively correlated with zircon
Eu/Eu*, thus the average crustal thickness of South China
also shows a decreasing trend from 870 to 790 Ma (Fig. 3)
although the calculated crustal thickness values are of large
errors. That is to say, the compiled data here do not support
a significant crustal thickening event in South China during
870-790 Ma. This observation seems to be at odds with the
tectonic model that the amalgamation of the Yangtze and
Cathaysia blocks took place through a collisional orogen at

Zircon U-Pb age (Ma)

~ 820 Ma. The other model suggesting an early collision
timing (ca. 1000-900 Ma) between the Yangtze and
Cathaysia blocks cannot be tested by this study directly.
Ca. 1000-900 Ma magmatic rocks are very rare in South
China (Li et al. 2014) and detrital zircons of this time
interval preserved in the Neoproterozoic sedimentary rocks
in South China are usually interpreted to be of exotic ori-
gins such as the India block (Cawood et al. 2020). During
790-730 Ma, the calculated average crustal thickness
fluctuates frequently without any obvious overall trend.
One possible explanation is that there are only a few
790-730 detrital zircon analyses (Fig. 3b), and thus they
may not be statistically significant.

The conclusion in this study is based on a limited
number of detrital zircons during 900-700 Ma and may be
tested when additional detrital zircon data become avail-
able. Moreover, the concentration of P used to distinguish
zircons derived from S-type granite from those from other
types of granite are not available for most of the compiled
detrital zircon data. Besides, more zircon proxies such as
Al concentration and O-Si isotopes are needed to combine
with P concentration to better identify detrital zircons from
the S-type granite (Bucholz et al. 2022). Despite these
uncertainties, Eu/Eu*-in-zircon-proxy opens the window
for extracting crustal thickness information from the
extensive detrital zircon archive, which in turn offers a
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means of testing tectonic models of South China in the
Early-Mid Neoproterozoic. More Neoproterozoic detrital
zircon REE, AI-P concentrations, and O-Si isotopic data-
sets coupled with U-Pb data from South China are needed
to better resolve the evolution of crustal thickness and
tectonic processes during the Neoproterozoic.

Supplementary  InformationThe online version contains
supplementary material available at https://doi.org/10.1007/s11631-
023-00605-x.
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