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The North China Craton underwent extensive and widespread crustal reworking
(or decratonization) during the Mesozoic. However, how the decratonization
operated is not well understood. Zircon compositions are widely used by the
scientific community to reconstruct crustal thicknesses. In this study, we sampled
13 magmatic rocks in the Jiaodong Peninsula and used zircon Eu/Eu* to constrain
the crustal thickness of the Jiaodong area and reveal decratonization processes in
the Mesozoic time. The reconstructed crustal thickness using zircon Eu/Eu* is
approximately 70 km in the Jurassic, and this value is 89 km at around 130 Ma,
after which the crustal thickness drops to 30–40 km at ca. 110 Ma. These results
are generally compatible with or slightly higher than the calculation results using a
whole-rock La/Yb proxy for the Jurassic and ~130 Ma rocks. Crustal thickness
estimated using a whole-rock La/Yb proxy for the ~110 Ma rocks is thicker than
70 km, which is not consistent with the geological facts and the result given by
zircon proxy. The whole-rock proxy failed in estimating crustal thickness because
of amphibole fractionation for the ~110 Ma rocks. The crustal thickening from
Jurassic to ~130 Ma was probably related to the westward subduction of the
Paleo-Pacific slab. The thinning of the crust from 130 to 110 Ma is not a rapid
process but occurs more slowly than expected, which might be explained by the
chemical erosion process rather than a mechanical delamination model. The
chemical erosion was most likely induced by a rollback of the subducting slab and
an upwelling of the asthenosphere.
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1 Introduction

Crustal thickness exerts critical controls on the magmatic differentiation (Lee and
Anderson, 2015; Tang et al., 2018), paleo-climate (Ernst, 2010), and even the compositions of
the continental crust (Lee and Anderson, 2015). A better understanding of the crustal
thickness in geological history thus helps us develop a comprehensive knowledge of crustal
evolution. The North China Craton (NCC) was a stable craton before the Late Paleozoic, but
it underwent extensive thinning during the Mesozoic (Yang J.-H. et al., 2018; Wu et al., 2019;
Zheng et al., 2021), producing a relatively thin lithosphere at its eastern part. Its refractory,
cold, and thick lithosphere (>200 km) was removed and replaced by a juvenile, fertile, and
thin (80–100 km) one (Menzies et al., 1993; Xu, 2001; Wu et al., 2019). This process is called
decratonization or destruction of the craton (Yang J. et al., 2012; Zhu et al., 2017; Yang et al.,
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2018b; Yang J.-H. et al., 2018; Ma et al., 2019). The decratonization
was accompanied by strong crustal deformation (Zhu et al., 2009;
Lin et al., 2013), widespread magmatism (Wu et al., 2005; Yang et al.,
2018a), and gold mineralization (Deng et al., 2020). It has also been
proposed that the lower crust of the NCC probably descended along
with the lithosphere mantle into the asthenosphere, leading to the
crustal thinning of eastern China (Gao et al., 2004; Hou et al., 2007;
Ma et al., 2019). However, the thinning processes of the mantle +
crust are not well understood because there are still debates on how
the thinning operates. Two main models have been proposed:
prolonged thermal processes (chemical erosion by the upwelling
asthenosphere (Xu, 2001; Xu et al., 2009; Xue et al., 2019; Xue et al.,
2021) and physical delamination caused by the orogenic collapse of
the eclogitic crust and the lithosphere mantle (Gao et al., 2004). The
former model implies a gradual process, while the latter favors rapid
thinning. Crustal thinning and thickening processes are integral
parts of the decratonization.

The Jiaodong Peninsula is located on the southeastern margin of
the NCC. Many Mesozoic granitic intrusions are exposed at the
surface, making it an ideal place for researching the topic of
decratonization. The Jiaodong Peninsula records a holistic and
complex magmatic process, which is reflected in the Mesozoic
granitic rocks throughout the entire Jiaodong area. Whole-rock
geochemical proxies were used to give constraints on the crustal
thickness of the southeastern NCC (Zhang et al., 2008; Ma et al.,
2013). Geochemical data suggested that eastern China, was a plateau
during the Middle Jurassic to the Late Cretaceous period (Zhang
et al., 2008). Recent studies argued that the Jurassic granitic rocks
from the Jiaodong Peninsula and the northern margin of the NCC
were generated by the melting of the thickened lower crust (Jiang
et al., 2007; Ma et al., 2013; Li et al., 2019). A model that requires

remelting of the descending eclogitic lower crust was invoked to
explain the genesis of Early Cretaceous magmatic rocks (>120 Ma)
(e.g., Hou et al., 2007). However, the crustal thickness of the eastern
NCC during the Late Cretaceous period is not yet well constrained.

Zircon is widely used for dating, estimating magmatic oxidation
states (Ballard et al., 2002; Loucks et al., 2020) and crystallization
temperatures (Watson and Harrison, 2005), or indicating source
rock types (Belousova et al., 2002; Yu et al., 2022; Mo et al., 2023).
Zircon is ubiquitous in granitic rocks, and some researchers have
used its trace element compositions to reconstruct crustal thickness
(Tang et al., 2021). This method was also successfully applied to
reveal the thickening history of the Central Andean Plateau (Sundell
et al., 2022). The principle for using the zircon Eu/Eu* to infer the
crustal thickness relies on the stability field of the plagioclase and
garnet (Tang et al., 2021). Europium exists in the form of Eu2+ and
Eu3+ in magmatic melt, while the proportion of each valence state
depends on the relative oxidation state of the magma. The Eu2+

strongly partitions into plagioclase because Eu2+, like the Sr2+, has a
similar ionic radius to Ca2+ (Shannon, 1976; Bédard, 2006).
Therefore, melt generated in the plagioclase stable field or
formed after plagioclase fractionation would be relatively
depleted of Eu2+, leading to a negative Eu anomaly and low Eu/
Eu* in zircon (Tang et al., 2021). Such a process requires that this
happens at geologically lower pressures (Moyen, 2009),
corresponding to lower crustal levels (at a depth <45 km) (Qian
and Hermann, 2013). In contrast, if the melt is formed in the garnet
stable field (i.e., high pressure, commonly >15 kbar), garnet would
sequester the Fe2+ from the melt and yield an oxidized environment
(Tang et al., 2018; Tang et al., 2020), and this finally enriches the
melt in Eu3+. Zircon formed under such an oxidizing condition is
capable of incorporating more Eu because Eu3+ is significantly more

FIGURE 1
Geological map of the Jiaodong Peninsula showing major structures and lithological units (Song et al., 2015). The yellow stars represent the
compiled published zircon data, while the green stars are data obtained in this study. Zircon 206Pb-238U ages are also shown after each sample. Inset
showing the brief tectonic framework of the NCC.

Frontiers in Earth Science frontiersin.org02

Dong et al. 10.3389/feart.2023.1171456

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1171456


compatible than Eu2+ in a zircon lattice (Trail et al., 2012).
Consequently, zircon formed within the thick crust (at a
depth >45 km) is characterized by high Eu/Eu*.

In this study, we report the compositions of zircon grains from
the Mesozoic magmatic rocks to constrain the changing crustal
thickness of the Jiaodong Peninsula. The geological significance of
the calculated crustal thickness is discussed to develop a better
understanding of the destruction of the NCC.

2 Geological setting

The NCC itself was composed of eastern and western blocks,
which were sutured by the Trans-North China Orogen during a
Paleoproterozoic orogenic event (Zhao et al., 2005). The basement of
the two blocks consists of variably exposed Archean to
Paleoproterozoic metamorphic rocks, including TTG gneiss,
granite, charnockite, migmatite, amphibolite, greenschist, pelitic
schist, Al-rich gneiss (khondalite), banded iron formation (BIF),
calc-silicate rock, and marble (Jahn et al., 1987; Zhao et al., 2005;
Wang et al., 2017). The Archean basement of the western block is
exposed at the northern part of the block, while the southern part of
the block is covered by theMesozoic to Cenozoic strata, particularly in
the Ordos Basin. The exposed basement of the western block consists
of Late Archean low-grade granite-greenstone and high-grade TTG
gneiss and granulite terrains, which underwent a greenschist-to-
granulite facies metamorphism at ~2.5 Ga (Liu et al., 1993). The
collision between the two blocks was recorded by the regional high-
grade metamorphic rocks with metamorphic age of ~1.85 Ga in the

Trans-North China Orogen (Zhao et al., 2008; Trap et al., 2012). The
eastern block of the NCC has a similar lithology to the western part
and consists of an Early Archean to Paleoproterozoic basement,
covered by Mesoproterozoic to Cenozoic supracrustal rocks. The
oldest Early Archean rock is represented by the ~3.8 Ga
trondhjemitic gneisses in the Anshan area (Liu et al., 1992), while
the Middle to Late Archean basement rocks are TTG gneisses with
variable metamorphic grades (greenschist to granulite facies) (Li et al.,
2005). The Paleoproterozoic metamorphic rocks in the eastern block
occur along its eastern margin, consisting mainly of greenschist to
lower amphibolite facies metasedimentary and metavolcanic rocks.

The Jiaodong Peninsula is located on the southeastern margin of
the NCC (Figure 1). The Tan-Lu fault displaced the Jiaodong
Peninsula from the Dabie Orogen to its current location in the
Early Cretaceous (Zhu et al., 2009). The Jiaodong Peninsula is
composed of the Jiaobei Terrane and the Sulu Orogen, which is
separated by the Wulian-Qingdao-Yantai fault (Figure 1). The
Jiaobei Terrane is an integral part of the NCC and is mainly
composed of Precambrian metamorphic units. The Neoarchean
and Paleoproterozoic metamorphic units are Neoarchean Qixia
TTG gneiss and Jiaodong Group biotite granulite, plagioclase
amphibolite, amphibolite, and magnetite quartzite. Proterozoic
metamorphic rocks (the Jingshan, Zhifu, and Fenzishan Group)
are marble, graphite-bearing granulite, and gneiss. The Late Jurassic
biotite granite (Linglong granite), the Early Cretaceous Guojialing,
and the Aishan granodiorite subsequently intruded into these
metamorphic units in the Mesozoic (Figure 1). The Linglong
granite is an NNW-elongated magmatic complex with different
mineral textures at various parts of the intrusive body. The

FIGURE 2
Microphotographs (A, C, D) and hand sample (B) of granitic rocks from the Jiaobei Terrane. (A–C) Samples from the Jurassic Luanjiahe, Biguo, and
Linglong granites, respectively. (D) Early Cretaceous (>120 Ma) granite from theHedong goldmine. K-fs, K-feldspar; Pl, plagioclase;Qz, quartz; Bt, biotite;
Amp, amphibole; Tn, titanite.
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published U-Pb ages of the Linglong granite range from ca. 170 to
140 Ma (Yang K. F. et al., 2012; Li et al., 2019; Dong et al., 2023a;
Dong et al., 2023b). Several Early Cretaceous suites are, from west to
east, Beijie, Shangzhuang, Congjia, and Guojialing granitoids, which
are characterized by porphyritic texture with large K-feldspar
phenocrysts. The U-Pb ages of these magmatic rocks are in the
range of ca. 130–127 Ma (Li et al., 2019; Dong et al., 2023b). Another
group of Early Cretaceous magmatic suites consists of Aishan,
Nansu, and Dazeshan in the western part of the Jiaodong
Peninsula, and the Weideshan, Yashan, and Longxudao plutons
in the eastern Jiaodong, which are slightly younger than those of the
former group (<120 Ma).

The Sulu Orogen, at the eastern side of the Wulian-Qingdao-
Yantai fault, is a suture zone between the South China Block and the
NCC. Within the suture zone, there are ultrahigh to high-pressure
metamorphic rocks and Triassic K-rich shoshonitic rocks that
represent a magmatic complex related to continental collision
(Chen et al., 2003). This magmatic complex consists of pyroxene

syenite, quartz syenite, and granite with zircon U-Pb ages of ca.
225–205 Ma (Chen et al., 2003). The Early Cretaceous volcanic and
sedimentary rocks from the Jiaolai basin, with a maximum thickness
of nearly 10 km, covered the southern part of the Jiaodong
Peninsula. The lower part of the sequence is Laiyang Group
clastic rocks, including sandstone, mudstone, and conglomerate.
The Qingshan Group in the middle part of the sequence consists of
dacite, andesite, and basalt. On the top of the sequence lies the
Wangshi Group, which is composed of sandstone, mudstone, and
conglomerate.

3 Samples and analytical methods

Thirteen samples were collected in this study (Figure 1). These
samples include the Jurassic Linglong, Biguo, and Luanjiahe granites
and the Guojialing, Congjia, and Shangzhuang granodiorites from
the western part of the Jiaodong Peninsula, and the intrusive rocks in

FIGURE 3
Hand sample (A) and microphotographs (B–F) of collected samples in the Kunyushan region. (A–B) KYS-1 and KYS-9 were collected from the
Jurassic granite. (C) Porphyritic syenite. (D) Amphibole-bearing granite. (E) Basaltic andesite. (F) Amphibole-bearing granite. Cal, calcite. Other mineral
abbreviations are the same as those in Figure 2.
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the Kunyushan area of the Sulu Orogen. The mineral assemblages
and textures of the magmatic rocks from the Jiaobei Terrane are well
illustrated in previous studies (Dong et al., 2023b).
Microphotographs and pictures of some representative samples
are shown in Figure 2. Here we give a brief description of the
samples from the Sulu Orogen (samples prefixed with KYS-).

Samples KYS-1 and KYS-9 were collected from the Jurassic
granite, while the rest were sampled from the later intrusions
(Figure 1). The Jurassic granite is light gray with equigranular
texture (Figures 3A, B). Biotite, plagioclase, quartz, and
K-feldspar are the major mineral phases. Sample KYS-5 is a
porphyritic syenite dyke with K-feldspar phenocryst (Figure 3C).
The KYS-6 is amphibole-bearing granite containing titanite as an
accessory phase. The titanite crystals are enclosed by euhedral
amphibole, indicating earlier crystallization (Figure 3D). The
basaltic andesite (KYS-8) contains acicular amphibole and
anhedral plagioclase (Figure 3E). Carbonate replacement of
plagioclase is moderate in this sample. Sample KYS-10 is
amphibole-bearing granite with minor accessory minerals like
titanite (Figure 3F). The amphibole crystal is enclosed by
K-feldspar and partially replaced by biotite.

Zircon grains from these magmatic rocks were separated using
conventional heavy liquid and magnetic separation techniques.
They were mounted in epoxy and surface polished. Transmitted,
reflected light, and cathodoluminescence (CL) images were captured
to acquire information about the inner structure, surface
characteristics, and CL textures of the zircons, respectively. Laser
ablation-inductively coupled plasma-mass spectrometry (LA-
ICPMS) zircon U-Pb analyses were performed on an Agilent
7900 ICP-MS instrument equipped with a 193-nm laser ablation
system at the Institute of Geology, Chinese Academy of Geological
Sciences. Analytical locations were selected to avoid mineral
inclusions and old inherited zircon cores. The laser was operated
at an energy of 2 J/cm2 and a repetition rate of 5 Hz, with a spot size
of 30 μm. The ablated sample was transported into the ICP system
via helium gas at a flow rate of 0.8 L/min. Immediately after the
ablation, the He gas was mixed with Ar to improve transportation

efficiency. Standard Zircon 91500 and GJ-1 samples were used for
monitoring the precision and quality of the data.

4 Analytical results

Zircon U-Pb ages and trace element data are presented in the
Supplementary Tables. Zircon U-Pb ages of samples from the same
intrusion in the western part of the Jiaodong Peninsula give results
that are identical to the published data. The oldest age obtained in
this study is ~170 Ma (BG-1 from Biguo pluton). The rock with the
youngest U-Pb age is quartz syenite from the Kunyushan region
(KYS-5), which gives a weighted mean206Pb-238U age of 109.5 ±
0.7 Ma and a concordia age of 109.6 ± 0.7 Ma. The most mafic
sample, KYS-8 (116.0 ± 0.7 Ma), is a diorite dyke intruding into the
Jurassic Kunyushan composite complex with a weighted mean206Pb-
238U age of 148.2 ± 1.1 Ma (KYS-9).

Rare earth elements (REEs) in zircon are characterized by
enrichment in heavy REE relative to the light REE. Meanwhile,
the Ce displays a positive anomaly in the C1-chondrite normalized
patterns (Figure 4). However, the negative Eu anomaly is apparent in
all the analyzed zircon grains. Hafnium contents are predominately
within the range of 7,000–15,000 ppm for the Late Jurassic and Early
Cretaceous zircon grains (Figure 5). We separated the zircon grains
into three groups based on the zircon U-Pb ages of the related
magmatic rocks: Late Jurassic zircon grains, Early Cretaceous zircon
grains (>120 Ma), and Early Cretaceous zircon grains (<120 Ma).
For the three groups of zircon grains, both the Eu/Eu* and Dy/Yb
ratios display no obvious correlation with changing Hf contents
(Figures 5A–F). Zircon Eu/Eu* values were calculated, where the Eu/
Eu* represents the europium anomaly calculated as EuN/(SmN ×
GdN)

0.5 and the subscript “N” denotes the chondrite normalized
value from Sun and McDonough (1989). Zircon Eu/Eu* are mostly
0.2–0.8 for the Jurassic zircon grains (Figure 5A), whereas the Eu/
Eu* are 0.6–1.0 for the Early Cretaceous (>120 Ma) zircon grains
(Figure 5C). Zircon Eu/Eu* with ages younger than 120 Ma vary
widely from 0.1 to 1.0 (Figure 5E). Zircon Dy/Yb ratios for the Late
Jurassic and Early Cretaceous (<120 Ma) zircons are overall the
same as the published data (Figures 5B, F), while the Dy/Yb values of
Early Cretaceous (>120 Ma) zircon grains obtained in this study are
generally lower than the published data (Figure 5D). Nonetheless,
the zircon Dy/Yb ratios do not change much with increasing Hf
concentrations in all three groups of zircon grains.

5 Discussion

5.1 Effect of fractionation on zircon Eu/Eu*

Although zircon is commonly an early crystallization phase
in the melt, co-precipitation of certain accessory minerals, like
titanite, competes for some elements and affects the zircon
composition (e.g., Eu and Ta) (Chelle-Michou et al., 2014;
Loader et al., 2017; Rezeau et al., 2019; Zou et al., 2019).
Therefore, it is necessary to determine whether any of these
minerals fractionated before or during zircon crystallization.
Fractionation of plagioclase, titanite, and garnet probably
affects the Eu content in the melt, resulting in changing

FIGURE 4
Zircon REE patterns normalized by C1-chondrite. For the three
groups of zircons, the REE patterns are, in general, similar and are not
further distinguished. The literature data source is Dong et al.; Dong
et al., 2023b; Dong et al., 2023c.
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compositions of the subsequently crystallized zircon (Yu et al.,
2019). Here, we use the zircon trace element concentrations to
determine whether fractional crystallization of these minerals
occurred during magmatic evolution. Eu/Eu* values in the Late
Jurassic and Early Cretaceous zircons (both for the >120 Ma
and <120 Ma) display insignificant increasing or decreasing
trends with elevated Hf contents (Figures 5A, C, E), although
there are large Eu/Eu* variations in these zircon grains. Compiled
data also exhibit overlapping Eu/Eu* values and variational
trends to our data (Dong et al., 2023a; Dong et al., 2023b).
This would mean that there is no plagioclase fractionation
after extraction of the melt and prior to the crystallization of
zircon for all three groups of zircon grains. Garnet, which
incorporates most of the heavy REE, can deplete the melt Yb

content during fractionation (Green, 1994). The middle REEs
(e.g., Dy) are more likely to partition into the amphibole
(Davidson et al., 2007). Therefore, the zircon Dy/Yb effectively
reveals the fractionation of these two minerals. The data from this
study show that Dy/Yb ratios for the Late Jurassic zircons
decrease with increasing Hf contents (Figure 5B). However,
this trend is not apparent when considering all the zircon data
from published literature (Dong et al., 2023a; Dong et al., 2023b).
Dy/Yb ratios for the Early Cretaceous (>120 Ma) zircons remain
constant with increasing Hf concentrations (Figure 5D).
However, Dy/Yb ratios from this study are overall lower than
the literature data. For another group of Early Cretaceous
(<120 Ma) zircon grains, no correlation between the Dy/Yb
and Hf is observed (Figure 5F). It is now concluded that

FIGURE 5
Zircon Eu/Eu* and Dy/Yb vs. Hf plots of Late Jurassic (A, B) and two groups of Early Cretaceous zircon grains (C–F) from all samples. The literature
data source is the same as in Figure 4.
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fractionation of plagioclase, garnet, and amphibole is
impracticable based on the aforementioned discussion.

Titanite, which commonly occurs as an accessory mineral in
Early Cretaceous granitic rocks (Figure 3), could exert a pivotal
influence on the middle REE over the heavy REE. Titanite
fractionation leads to lower Ta and Nb concentrations and
elevated Eu/Eu* in the residual melt, which would imprint these
geochemical features on the subsequently crystallized zircon
(Loader et al., 2017). Niobium concentrations in the Late
Jurassic and Early Cretaceous (<120 Ma) zircons ascend from
sub-ppm level to tens-of-ppm level with rising Hf contents
(Figures 6A,C), while the Nb contents remain constant in the

Early Cretaceous (>120 Ma) zircons (Figure 6B). This is the
opposite of what would be expected when titanite fractionates
from the melt. In the plots of zircon Yb/Gd vs. Hf (Figures 6D–F),
Yb/Gd increases with rising Hf contents, which could be explained
by increasing Yb or decreasing Gd in the melt or a combination of
both. Notably, there are no such trends observed during magmatic
evolution, as illustrated in Figure 6G–l. In addition, there is no
amphibole or titanite fractionation, as indicated by the zircon Dy/
Yb and Nb contents. In summary, it is inferred that no apparent
crystal fractionation occurred when the three groups of zircon
formed. The Eu/Eu* values recorded the original features of the
melt when zircon formed.

FIGURE 6
Nb (A–C), Yb/Gd (D–F), Gd (G–I), and Yb contents (J–L) vs. Hf plots for the three groups of zircon grains from the studied samples. The literature
data source is the same as in Figure 4.
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5.2 Changing crustal thickness of the
Jiaodong Peninsula

Zircon Eu/Eu* values are plotted against the corresponding
206Pb-238U ages of each spot analysis (Figure 7A), and they show a
weak correlation with the ages of the Jurassic zircon grains.
However, an abrupt flare-up appears at ca. 130 Ma, after which
zircon Eu/Eu* decreases at a high rate from 1.2 to 0.1. The
changing pattern for the reconstructed crustal thickness mimics
the zircon Eu/Eu* (Figure 7B). Average crustal thicknesses
calculated using the zircon Eu/Eu* are 70 km in the Jurassic
period, 89 km in the Early Cretaceous period (before 120 Ma),
and 30–40 km at ca. 110 Ma. The crust was thick in the Jurassic,
similar to the maximum crustal thickness in the current central
Andes and Tibetan Plateau (Beck et al., 1996; Tang et al., 2021).
This estimate is in accordance with the conclusion from
geochemical data (high Sr/Y and La/Yb ratios for Jurassic
Linglong granite), which indicates that a thick crust that
stabilizes a large amount of garnet in the lower crust is required
(Yang K. F. et al., 2012; Ma et al., 2013).

The reconstructed crustal thickness for the Jiaodong Peninsula
at ca. 130 Ma is extremely high (~90 km), which is likely unrealistic
because no modern example of such a thick crust has been reported.
The possibility of this thick crust has not been evaluated. However, it
is clear that the crustal thickness reaches its peak at ca. 130 Ma,
according to this study. This estimated thickness agrees with the
conclusion from geochemical modeling, which suggests that the
magmatic suite formed at ca. 110 Ma was generated by the melting
of the lower crust at moderate pressure (Dong et al., 2023c).
Additionally, we also used the whole-rock La/Yb proxy (Profeta
et al., 2015) to constrain crustal thickness for the three magmatic
suites with published data (Yang K. F. et al., 2012; Ma et al., 2013; Li
et al., 2019). The calculation results show that the average crustal
thicknesses are 69 km (N=35), 85 km (N=28), and 78 km (N=24) for
the Late Jurassic, Early Cretaceous (>120 Ma), and Early Cretaceous
(<120 Ma) magmatic rocks, respectively. However, when using the
method from Hu et al. (2017), average crustal thicknesses are 60 km,
80 km, and 72 km, respectively. The algorithm developed by Profeta
et al. (2015) is based on whole-rock geochemical data from

magmatic arcs, while the calculation method from Hu et al.
(2017) is constructed using whole-rock geochemical data of
collisional granites. The former gives higher values than the
latter. The results for the former two magmatic suites are
generally consistent with the results constrained with zircon Eu/
Eu* proxy. However, the crustal thickness is too high for the <120
Ma magmatic rocks when using the whole-rock proxies. We would
argue that the high crustal thickness given by whole-rock data
probably results from the amphibole fractionation in the <120
Ma magmatic suites (Li et al., 2019). Because the amphibole
fractionation could lower the Yb contents in the residue melt and
further elevate the La/Yb ratio of the whole rock.

5.3 Decratonization of the NCC

Decratonization of the NCC is complex as there are many facts
and conjectures on how this process operates (Wu et al., 2019).
One school of thought argues that the decratonization happened
rapidly through mechanical delamination of the old and refractory
lithospheric mantle and the eclogitic lower crust (Gao et al., 2004;
Ma et al., 2014; Yang J.-H. et al., 2018). Other researchers have
proposed that the lithosphere mantle was chemically eroded by the
convective asthenosphere mantle, which was a relatively gradual
and slow process (Xu et al., 2009; Geng et al., 2019; Xue et al.,
2021). Our results in this study demonstrate that the crust was
thick before ca. 130 Ma, while the thickness reduced to about
30–40 km at ca. 110 Ma (Figure 7B). The crustal thickness at ca.
110 Ma was identical to the current thickness of the eastern NCC,
as indicated by geophysical data (Zhang et al., 2014; Ma et al.,
2019). This accordance further confirms that the zircon Eu/Eu* is
robust in reconstructing crustal thickness. Therefore, it is
concluded that the crustal thickness of southeastern NCC
decreased from >70 km to 30–40 km over 20 million years,
which is not a sudden transition. The crustal thickness probably
decreased at a rate of 2.0–4.5 km/My.

The crustal thickness-zircon age correlation (Figure 7B)
implies that, during 130–110 Ma, crustal thickness became
thinner with decreasing age, which cannot be explained by the

FIGURE 7
Plots of zircon Eu/Eu* (A) and reconstructed crustal thickness (B) vs. zircon 206Pb-238U ages from studied samples. The literature data source is the
same as in Figure 4.
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mechanical delamination model. The descending lithosphere
mantle and crust would have produced melt with “thicker
crust” geochemical features as the source region for the
magmatic rocks became deeper. In sum, we suggest that the
decratonization was a slow process, and chemical erosion is the
most plausible mechanism.

6 Conclusion

Based on the reconstruction of crustal thickness with zircon Eu/
Eu* from the granitic rocks in the Jiaodong Peninsula, the following
conclusions are derived.

(1) Crystal fractionation of minerals like titanite, plagioclase, and garnet
is not significant and exerts no effect on the compositions of zircons.

(2) The crust of the Jiaodong Peninsula was thick (~70 km) during the
Late Jurassic period (170–150Ma) and reached its peak in the Early
Cretaceous period (~130Ma), while the crustal thickness decreased
to approximately 30–40 km at ~110Ma. These results are in
agreement with the calculation using whole-rock La/Yb proxy.

(3) Decratonization of the NCC was not a sudden process but
proceeded gradually, which should be reconciled by chemical
erosion.

(4) It is suggested that whole-rock proxies for calculating crustal
thickness are not applicable when there is obvious crystal
fractionation (e.g., amphibole).
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