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Subduction polarity reversal events following arc–continent, arc–arc or continent–continent collisions have been
well-documented fromCenozoic,Mesozoic, and Paleozoic orogens, but not from the Archean.Wehere document
a Neoarchean subduction reversal event after an arc–continent collision between the Eastern Block of the North
China Craton (NCC) and the Fuping arc usingfield, geochemical and geochronological data.We focus ourwork on
theWangjiazhuang granite in the Zanhuangmassif located along the easternmargin of the Central Orogenic Belt
(COB) of the NCC, and a regional tectonic comparison with other granitic rocks with similar ages, geochemical
and petrogenetic characteristics. The ca. 2.5 Ga A-type Wangjiazhuang granite intrudes the Neoarchean
Zanhuang mélange belt and contains mafic and felsic inclusions. It has positive εNd(t) values (+0.12 to +1.13)
and TDM2 ages between 2784 Ma and 2869Ma. This work shows clearly, from field structural relationships, geo-
chemistry and geochronology, that the Wangjiazhuang granite formed after an arc–continent collision between
the Eastern Block which is defined as a continental block and the Fuping arc, after a subduction polarity reversal
event placed a new slab beneath the collisionally modified margin of the Eastern Block and converted it to an
Andean-type margin. The subduction polarity reversal event at ca. 2.5 Ga resulted in melting of the enriched
mantle. Meanwhile, the rising magma induced partial melting of the old and thickened TTG crust leading to
the intrusion of ca. 2.5 Ga Wangjiazhuang granite into the Neoarchean Zanhuang mélange. There are other gra-
nitic rocks with similar ages and geochemical and petrogenetic features in the Central Orogenic Belt and Eastern
Block of the North China Craton, suggesting that they formed in a similar tectonic setting as the circa 2.5 Ga gran-
ites across the Eastern Block. TheNeoarchean subduction polarity reversal event and prior arc–continent collision
provide strong evidence that plate tectonics was operating by the end of the Neoarchean.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Subduction polarity reversal events after arc–contintent, arc–arc or
continent–continent collisions have been documented in Cenozoic and
Mesozoic orogens in several places in the world, such as the Ligurian
Alps, Italy (Vignaroli et al., 2008), Kamchatka (NE Russia) in the north-
west Pacific (Konstantinovskaia, 2001), Taiwan-Luzon (Chemenda
et al., 1997; Clift et al., 2003; Teng et al., 2000; Ustaszewski et al.,
2012), Cretaceous Caribbean island arc (Draper et al., 1996; Lebron
and Perfit, 1993), Solomon island arc (Copper and Taylor, 1985),
Philippines (Pubellier et al., 1999), and northern New Guinea (Copper
and Taylor, 1987; Dewey and Bird, 1970). However, subduction polarity
reversal events have not been clearly documented from the Archean
ological Processes and Mineral
4, China.
rock record. In this paper, based on the field structural, geochemical
and geochronological studies on the Wangjiazhuang granite and a re-
gional tectonic synthesis of geochemical and petrogenetic data from
similar-aged plutons in the NCC, we propose a Neoarchean subduction
polarity reversal event following an arc–continent collision between
Eastern Block and the Fuping arc in the NCC.

In the past several decades,mostworkers have generally divided the
NCC into the Eastern Block (EB) andWestern Block (WB), separated by
the intervening Central Orogenic Belt (Fig. 1; Kusky and Li, 2003; Zhao
et al., 2001), or several smaller microblocks (Zhai and Santosh, 2011).
Currently, the amalgamation mechanism of the Precambrian basement
and formation age of the NCC are a hot topic (Deng et al., 2013, 2014;
Kusky et al., 2014; Lu et al., 2014; Wang et al., 2013a, 2014a,b,c,d; Xiao
et al., 2014; Yin et al., 2014; Zhang et al., 2007c, 2009, 2012; Zhao
et al., 2012). Circa 2.5 Ga magmatic events within the North China Cra-
ton are strongly developed with the prominent characteristics of em-
placement of the granitic rocks in the late stage of the Neoarchean
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Fig. 1.A: Tectonic subdivision of theNorth China Craton (NCC) includingWestern Block (WB), Eastern Block (EB) and Central Orogenic Belt (COB). B: The distribution of the exposed base-
ment of the central part of North China Craton with locations of Huashan–Lishi–Datong–Duolun and Xinyang–Kaifeng–Shijiazhuang–Jianping Faults from Zhao et al. (2001), Trans-North
China suture from Faure et al. (2007) and Trap et al. (2009), and ZanhuangMelange (ZHM)–Zunhua Structural Belt (ZSB)–Dongwanzi Ophiolite (DWO)–Dengfeng Complex (DFC) suture
from Deng et al. (2014), Kusky et al. (2001), Li et al. (2002) and Polat et al. (2006). Abbreviations of metamorphic complexes without exposure of 2.5 Ga granitic rocks: CD: Chengde; ES:
Eastern Shandong Province; GY: Guyang; HS: Hengshan Complex; JN: Jining; LL: Lüliang; NH: Northern Hebei Province; SL: Southern Liaoning Province; TH: Taihua; WD: Wulashan–
Daqingshan; XH: Xuanhua; and ZT: Zhongtiao Complex. Abbreviations of metamorphic complexes with exposure of 2.5 Ga granitic rocks: ZH (labeled as 1): ZanhuangMassif; WT (labeled
as 2):Wutai Complex; FP (labeled as 3): Fuping Complex; HA (labeled as 4): Huai'an Complex; DF (labeled as 5): Dengfeng Complex; EH (labeled as 6): Eastern Hebei Province;WL (labeled
as 7): Western Liaoning Province; and WS (labeled as 8): Western Shandong Province. Map modified from Zhao et al. (2005) and Kusky and Li (2003).
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tectonic activity (Geng et al., 2010; Han et al., 2014; Ma et al., 2013;
Nutman et al., 2011; Wilde et al., 2005; Zhang et al., 2013). However,
the petrogenetic origin and geodynamic triggering mechanism for the
2.5 Ga magmatic event are poorly understood and controversial, with
one group of thought arguing that theywere related to the underplating
by amantle plume (Geng et al., 2012;Wu et al., 2014; Zhao, 2009; Zhao
and Zhai, 2013; Zhao et al., 1999), whereas others favor magmatic arc
models (Nutman et al., 2011; Peng et al., 2013; Wang et al., 2013b).
Therefore, the study of 2.5 Ga magmatic activity in the NCC is very im-
portant and will undoubtedly provide key constraints on the early Pre-
cambrian tectonic evolution of the basement of the NCC. We previously
reported that the ca. 2.5 GaWangjiazhuang granitic pluton intrudes the
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Neoarchean Zanhuang tectonic mélange belt (see Deng et al., 2013;
Wang et al., 2013a). In this paper, we present new petrographic, geo-
chemical, LA–ICP–MS zircon U–Pb dating and Sm–Nd isotopic data
from the circa 2.5 GaWangjiazhuang granite to constrain the formation
age, magmatic source, petrogenesis, and geodynamic setting. Combined
with the previous studies on the Neoarchean tectonic mélange focusing
on the structures and the comparison with other ca. 2.5 Ga granitic plu-
tons in theNCC,we aim toprovidemore reliable constraints on the early
Precambrian tectonic evolution of the NCC.

2. Geological background

The North China Craton consisting of the Western Block, Eastern
Block and Central Orogenic Belt is one of the oldest cratons worldwide
(Fig. 1; Kusky and Li, 2003; Kusky et al., 2001, 2004, 2007a,b, 2014;
Liu et al., 2006; Polat et al., 2005, 2006; Santosh, 2010; Wang et al.,
2013a). The Central Orogenic Belt is also known as Central Belt or
Trans North-China Orogen (Zhao, 2001; Zhao et al., 1999, 2001, 2002,
2005). The poorly exposed Western Block is a typical stable Archean
platform with the characteristics of thick mantle root, low heat flow
and few earthquakes, which is very different from the Eastern Block
with high heat flow and more earthquakes resulting from the root loss
of the lithosphere in the Mesozoic beneath the Eastern Block of the
North China Craton (Gao et al., 2004; Griffin et al., 1998). The Central
Orogenic Belt is delineated by Archean structural boundaries (Kusky,
2011b; Kusky and Li, 2003; Kusky et al., 2007a), and is generally consid-
ered to record the amalgamation of the Western Block and the Eastern
Block and is crucial to understand the tectonic evolution of the whole
North China Craton. TTG gneisses, circa 2.5 Ga and 2.1 Ga granites,
greenschist to granulite facies supracrustal sequences, passive margin
to foreland basin sedimentary rocks, 2.5–2.4 Ga and 1.9–1.7 Ga mafic
dike swarms are well exposed and mainly crop out in Hengshan Massif
(HS), Wutaishan Massif (WT), Fuping Massif (FP), Lüliangshan Massif
(LL) and Zanghuang Massif (ZH) (Figs. 1A and 2A; Deng et al., 2013,
2014; Kröner et al., 2006; Kusky, 2011b; Kusky and Li, 2003; Kusky
et al., 2007b; Peng et al., 2007; Wang et al., 2013a; Xiao and Wang,
2011).

The Zanhuang massif located on the eastern margin of the central
and southern sections of the Central Orogenic Belt is one of themost im-
portant areas to study the collisional orogenesis between the Eastern
Block and the Western Block of the NCC and any intervening arc ter-
ranes (Fig. 2A). Many Precambrian rocks are exposed in the Zanhuang
massif, among which the Archean rocks are the most abundant.
Lithologically, TTG (tonalite–trondhjemite–granodiorite) gneiss, felsic
gneiss, garnet–kyanite-bearing plagioclase gneiss, garnet-bearing pla-
gioclase amphibolite, ultramafic rocks, amphibole-plagioclase gneiss,
magnetite quartzite, marble and metasandstone comprise the main
rock types. Trap et al., (2009) divided the Zanhuang massif into the
Western Zanhuang Domain (WZD), Eastern Zanhuang Domain (EZD)
and Central Zanhuang Domain (CZD) (Fig. 2B), with a suture zone on
the western margin of the Central Zanhuang Domain. They speculated
that the formation of the Zanhuang massif is the result of the collision
along the Taihang suture zone between the Eastern Block and Fuping
arc at ca. 2150 Ma (Trap et al., 2012). We have documented a
Neoarchean mélange in the Zanhuang massif of the NCC (Figs. 2B and
3A; Deng et al., 2013; Wang et al., 2013a). The Zanhuang mélange sep-
arates a passive margin to foreland basin sequence composed of a
marble-siliciclastic unit developed on the western edge of the Eastern
Block of the NCC from an arc terrane consisting of TTG gneisses in the
Western Zanhuang Domain of Central Orogenic Belt of the NCC
(Figs. 2B and 3A). The mélange contains a structurally complex tectonic
mixture of metapelites, metapsammites, marbles and quartzites mixed
with exotic tectonic blocks of ultramafic and metagabbroic rocks,
metabasalts that locally include relict pillow structures, and TTG
gneisses (Fig. 3A; Wang et al., 2013a). All units in the mélange have
been intruded by mafic dikes that were subsequently deformed, and
are now preserved as garnet-amphibolite boudins. These late mafic
dikes are contemporaneous with the Wangjiazhuang granite that in-
trudes the Neoarchean Zanhuang tectonic mélange (Figs. 2B and 3;
Deng et al., 2014; Wang et al., 2013a). For a detailed description of the
litho-tectonic units of the mélange see Wang et al. (2013a). The forma-
tion age of rocks and tectonic structures in the mélange are constrained
to be circa 2.5 Ga, and thewholemélange is cut by the 2.5 Ga granite and
related pegmatites, indicating that this suture was not formed in
Paleoproterozoic, but must be older than the intrusion of the cross-
cutting circa 2.5 Ga granites (Deng et al., 2013; Wang et al., 2013a).

3. Field and petrographic characteristics of the
Wangjiazhuang granite

The Wangjiazhuang granite has an exposed area of about 12 km2

(Fig. 3A). It intrudes the Neoarchean Zanhuang tectonic mélange belt
(Wang et al., 2013a), and has a structural contact with the
Paleoproterozoic quartzite of the Guandu Group along the northern
margin of the pluton. The Wangjiazhuang granite cuts the fabrics in
the mélange belt, indicating that the late Archean mélange formed ear-
lier than the Wangjiazhuang granite (Wang et al., 2013a). In addition,
most of the foliation is rotated into near-parallelism with the margins
of the Wangjiazhuang granite. However, the Wangjiazhuang granite
truncates the earlier foliation of themélange in the NE and SWmargins
of the pluton (Wang et al., 2013a). The foliation of the quartzite is par-
allel to the foliation of the northern edge of the granite (Fig. 4A). A small
number of fine-grained mafic inclusions (Fig. 4B) and coarse-grained
felsic inclusions (Fig. 4C) are present in the Wangjiazhuang granite.
The edge of the granite is foliated (Fig. 4D) whereas the central part is
more texturally homogeneous. Lineations defined by the orientation
of elongated biotites (Fig. 4E) are well developed at the margin of the
granite, whereas the quartz grains are not plastically deformed.
Hence, we interpret this as a magmatic fabric (e.g., Tobisch and
Patterson, 1990). The Wangjiazhuang granite truncates the early folia-
tion in the Neoarchean Zanhuang mélange in some locations (Wang
et al., 2013a). The main minerals include feldspar (55–60%), quartz
(25–30%), biotite (5–10%), muscovite (b5%) andminor magnetite, apa-
tite and zircon (Fig. 4F). Feldspar grains are mostly microcline and are
variably sericitized.

4. Sampling

Seven samples of the Wangjiazhuang granite pluton were collected
for major and trace element analyses from different positions within
the pluton (Fig. 3A), including two samples from the northern margin
the granite. From these, three samples were chosen for geochronologi-
cal and isotopic analyses. All the samples are taken from the least
weathered and altered outcrops in the Wangjiazhuang granite pluton.

5. Analytical methods and results

The methods of whole-rock major and trace element, zircon U–Pb
dating and Sm–Nd isotopic analyses are described in the appendix
(Supplementary analytical methods). The results are shown in detail
below.

5.1. Zircon U–Pb geochronology and trace elements

The zircons for U–Pb dating are taken from samples 13XT17-1,
13XT19-1 and 13XT22-1 (see sample locations in Fig. 3A). The zircons
from the three samples are mostly clear and euhedral grains that
show internal oscillatory zoning structures in cathodoluminescence
(CL) images (Supplementary Fig. 1) and no inherited cores were ob-
served, indicating that these zircons have a magmatic origin. These
characteristics above are typical formagmatic zircons in A-type granites
(Wong et al., 2011; Wu and Zheng, 2004; Zhang et al., 2007a,b).



Fig. 2.A: A simple geological map of the central part of the North China Craton (NCC), showingWestern Block (WB), Eastern Block (EB) and Central Orogenic Belt (COB), differentmassifs
(Hengshan Massif = HS; Wutaishan Massif = WT; Fuping Massif = FP; Lüliangshan Massif = LL; Zanhuang Massif = ZH) within COB, and Western Zanhuang Domain (WZD), Central
Zanhuang Domain (CZD), and Eastern Zanhuang Domain (EZD) of Zanhuang Massif. Map modified after Trap et al. (2009). The thrusts dipping to the northwest are interpreted as two
suture zones by Faure et al. (2007), Kusky (2011a, 2011b) and Trap et al. (2009). B: Proposed geological map of the ZanhuangMassif, including theWestern Zanhuang Domain consisting
of TTG gneisses, Central Zanhuang Domain composed of Zanhuang mélange and marble-siliciclastic unit and Eastern Zanhuang Domain consisting of TTG gneisses. Summary of granites
with different ages described in different literatures are shown in this figure. Map modified after Trap et al. (2009) and Yang et al. (2011a, 2011b).

136 J. Wang et al. / Lithos 220–223 (2015) 133–146
Twenty one, 20 and 25 spots were analyzed for samples 13XT17-1,
13XT19-1 and 13XT22-1, respectively. The detailed zircon U–Pb dating
results are given in Supplementary Table 1. All the U–Pb dating results
of the three samples are located on or near the concordia line andwithin
analyses errors (Fig. 5; Supplementary Table 1). The weighted mean
207Pb/206Pb age for the 21 measuring points of sample 13XT17-1 yields
a relatively older age of 2517±20Ma (Fig. 5A). Twenty and 25measur-
ing points yield good discordant lines with weighted mean ages of
2506 ± 10 Ma (Fig. 5B; MSWD = 0.56) and 2513 ± 13 Ma (Fig. 5C;
MSWD= 1.9), respectively. Twenty one, 20 and 25 rare earth element



Fig. 3. A: Geological map of the study area, showing different units of the study area, including the TTG gneisses of theWestern Zanhuang Domain and Eastern Block, the Neoarcheanmé-
lange belt, marble unit andmica schist and paragneiss unit of the marble-siliciclastic unit; themélange is intruded by theWangjiazhuang granitic pluton with surrounding schist, marble,
quartzite and volcanic rocks and cross-cut by undeformed pegmatites. Themélange belt corresponds to the southeastern (Taihang) suture in panel Fig. 2A.Mapmodified afterWang et al.
(2013a). B: Interpretive cross-section A–B through Central Zanhuang Domain to Eastern Zanhuang Domain. Note that the Central Zanhuang Domain including the mélange unit and the
marble-siliciclastic unit was thrust to the southeast upon the Eastern Zanhuang Domain. The ca. 2.5 Ga granitic pluton and pegmatite intrude the Zanhuangmélange and late mafic dikes
cross-cutting all units of the study area. Profile location shown in Fig. 3A, maps modified after Wang et al. (2013a).
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contents were simultaneously obtained for zircons from samples
13XT17-1, 13XT19-1 and 13XT22-1 during zircon U–Pb dating
(Supplementary Table 2). Chondrite-normalized REE and trace element
patterns of all the zircons from the three samples show HREE enrich-
ment, positive Ce anomalies and moderate negative Eu anomalies
(Supplementary Fig. 2).

5.2. Whole-rock major and trace elements

A total of 7 samples from the Wangjiazhuang granite have been
analyzed for major and trace element analyses. The major oxides de-
scribed below are recalculated to 100% on a volatile-free basis. The re-
sults and related parameters are shown in Supplementary Table 3. The
sample locations are shown in Fig. 3A and GPS locations are shown in
Supplementary Table 3.

The Wangjiazhuang granite has a relatively narrow range of geo-
chemical compositions, with high SiO2 between 72.6 wt.% and
74.6 wt.%, high Al2O3 between 13.2 wt.% and 13.6 wt.%, MgO between
0.30 wt.% and 0.50 wt.%, Fe2O3

T between 1.84 wt.% and 2.60 wt.%, and
CaO between 0.53 wt.% and 1.16 wt.%. As shown in Supplementary
Table 3, these rocks are relatively rich in alkalis with K2O of 5.3–
6.0 wt.%, Na2O of 2.86–3.50 wt.%, and total alkalis (K2O + Na2O) of
8.34–8.92 wt.%, whereas low contents of TiO2 of 0.20–0.26 wt.%.
The values of Mg# range from 22 to 33. The aluminum saturation index
A/CNK is between 1.32 and 1.41, with an average value of 1.37, showing
peraluminous characteristics (Fig. 6A; Supplementary Table 3). The high



Fig. 4. Field photos and photomicrographs undermicroscope of theWangjiazhuang granite in the Zanhuangmélange. A: Contact between foliated granite and Paleoproterozoic quartzite.
The red dash line represents the contact margin and the yellow dash lines represent the foliation in the quartzite and foliated granite. B:Mafic inclusions in theWangjiazhuang granite. C:
Felsic inclusions in theWangjiazhuang granite. D: Foliation in theWangjiazhuanggranite. E: Lineation defined byorientation of elongated biotite in theWangjiazhuang granite. The yellow
dash lines represent the orientation of the biotite. F: Granite containing microcline (Mc), quartz (Qtz) and biotite (Bt).
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K2O content of the Wangjiazhuang granite is comparable to that of the
shoshonitic series on the K2O vs. SiO2 diagram (Fig. 6B).

The Wangjiazhuang granite has a large variation and enrichment in
trace elements with 19.3–22 ppm Ga, 232–294 ppm Rb, 206–355 ppm
Zr, 15.5–24.7 ppm Nb, 30.9–56.8 ppm Y (Supplementary Table 3). The
total REEs contents of the Wangjiazhuang granite are high (Fig. 7;
Fig. 5. Concordia of zircons from the Wangjiazhuang
Supplementary Table 3), and show wide variations (ΣREE =
282.1–587.1 ppm, average value = 441.8 ppm) with very strong nega-
tive Eu anomalies (Eu/Eu* = 0.25–0. 31) (Fig. 7A). The Wangjiazhuang
granite is highly enriched in LREEs ((La/Sm)N = 4.4–4.9; (La/Yb)N =
8.5–31.4) and has relatively flat HREE ((Gd/Yb)N = 1.3–3.3) patterns
(Fig. 7A). On the primitive mantle-normalized spidergram, the
granite in the Neoarchean Zanhuang mélange.



Fig. 6. A/NK vs. A/CN (A) and K2O vs. SiO2 (B) diagrams of the Wangjiazhuang granite in
the Neoarchean Zanhuang mélange. A/NK = Al/(Na + K) (molar ratio). A/CNK = Al/
(Ca + Na + K) (molar ratio).

Fig. 7. Chondrite-normalized REE distribution patterns (A) and primitive mantle-normal-
ized spidergrams (B) of the Wangjiazhuang granite in the Zanhuang mélange.
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Wangjiazhuang granite has distinctly negative anomalies in Ba, Sr, P
and Ti (Fig. 7B). The negative Ba, Sr and Eu anomalies might be associ-
atedwith residue of plagioclase in themagma source, whereas the neg-
ative P anomalies should be attributed to the residue of apatite.

5.3. Sm–Nd isotopes

Samarium–Nd isotopic compositions of three samples from the
Wangjiazhuang granite are given in Supplementary Table 4. The
143Nd/144Nd values are between 0.511162 and 0.511311. They have
small positive initial ɛNd (t) values (+0.12–+1.13) (Supplementary
Table 4)with one-stage Ndmantle-depletionmodel ages (TDM) ranging
from 2750 to 2863Mawith a weighted average of 2799 Ma, while two-
stage Nd mantle-depletion model ages (TDM2) range from 2784 to
2869Ma with a weighted average of 2821Ma (Supplementary Table 4).

6. Discussion

6.1. Formation age of the Wangjiazhuang granite

All of the zircon grains from the three samples of theWangjiazhuang
granite are characterized by oscillatory zoning (Supplementary Fig. 1),
variably high Th/U ratios (Supplementary Table 1), and fractionated
REE patterns with strong negative Eu anomalies and slightly positive
Ce anomalies (Supplementary Fig. 2), which are consistent with the
characteristics of magmatic zircons (Corfu et al., 2003; Hoskin and
Schaltegger, 2003; Rubatto, 2002; Wu and Zheng, 2004). Based on zir-
con CL images, trace element characteristics and 207Pb/206Pb ages, the
weighted mean 207Pb/206Pb age of ca. 2.5 Ga of all the three samples
are interpreted to represent the intrusion age ofWangjiazhuang granite.

6.2. Assessment of alteration and element mobility

Most Precambrian magmatic rocks, particularly Archean rocks, have
been influenced by late metamorphism and deformation that change
the original geochemical composition and magmatic textures
(Middelburg et al., 1988; O'Neil et al., 2011; Ordóñez-Calderón et al.,
2008; Panahi et al., 2000; Polat and Hofmann, 2003). There is at least
one stage of later intrusions in the Central Orogenic Belts that occurred
at ca. 2.1 Ga after the ca. 2.5 Gamagmatic event (Yang et al., 2011a,b). In
addition, the Zanhuang massif underwent strong metamorphism and
deformation at ca. 1.85 Ga which is widespread in the whole NCC
(Deng et al., 2014; Kusky and Li, 2003; Kusky et al., 2011a; Peng et al.,
2014; Wang et al., 2013a). Therefore, it is important to assess the
influence from the latemetamorphism and deformation on themobility
of the major and trace elements and isotopic elements for the
Wangjiazhuang granite.

All the samples are leastweathered and altered (Fig. 4). Very fewzir-
conswith thinmetamorphic rims can be observed from theCL images of
all the zircons (Supplementary Fig. 1) indicating low-impacts from later
regional metamorphism and deformation. The minor loss on ignition
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(LOI) values (less than 1 wt.%) and narrow Ce/Ce* ratios ranging from
1.01 to 1.14 suggest that the hydration is very weak during late alter-
ation (Supplementary Table 3; Polat and Hofmann, 2003). The distribu-
tion patterns are consistent with each other on the chondrite- and
primitive mantle-normalized diagrams demonstrating that the REE
and HSFE are relatively immobile (Fig. 7). Thus, the geochemistry data
presented in this paper can be used to interpret the petrogenesis of
the Wangjiazhuang granite.
Fig. 8. Na2O vs. K2O (A), (K2O + Na2O) vs. 10,000 Ga/A1 (B), and (K2O + MgO) vs.
10,000 Ga/A1 (C) diagrams of the Wangjiazhuang granite in the Neoarchean Zanhuang
mélange (after Whalen et al., 1987).
6.3. Petrogenesis of the Wangjiazhuang granite

6.3.1. An A-type affinity of the Wangjiazhuang granite
The term “A-type” granite was first proposed by Loiselle andWones

(1979) to define alkaline, anhydrous anorogenic granite. Many studies
have shown that the composition of A-type granites are diverse, varying
from quartz syenites to peralkaline granites (Eby, 1990; Kemp and
Hawkesworth, 2003; King et al., 1997; Zhang et al., 2007a,b). However,
compared to alkaline granitoids, low Sr and CaO contents, high SiO2,
Na2O + K2O and REE contents, and high K2O/Na2O and Ga/Al ratios
have been defined for A-type granite (Collins et al., 1982; Eby, 1990;
Yang et al., 2006; Zhang et al., 2007a,b).

The Wangjiazhuang granite is characterized by their relatively high
alkali contents and low CaO contents (SiO2 = 72.6–74.6 wt.%;
Na2O + K2O = 8.34–8.92 wt.%, CaO = 0.53–1.16 wt.%) which are con-
sistent with those of classic A-type granites (SiO2 = 70 wt.%:
Na2O + K2O = 7–11 wt.% and CaO b 1.8 wt.%) (Eby, 1990). It shows
enrichment of Nb (15.5–24.7 ppm), Ga (19.3–22 ppm) and Y
(30.9–56.8 ppm), which are similar to the characteristics of typical A-
type granites (Collins et al., 1982; Eby, 1990, 1992; Whalen et al.,
1987). The 10,000 Ga/Al ratios vary from 2.69 to 3.05 with an average
of 2.90, which is slightly lower than the global average of 3.75 for A-
type granites (Whalen et al., 1987), but similar to those of aluminous
A-type granites with much younger ages from northern China (Wu
et al., 2002). The REE contents (282.1–587.1 ppm) are similar to granit-
oids that have been classified as A-type granitoids listed in Eby (1990).
In the classification diagram of Na2O vs. K2O, (K2O + Na2O) vs.
10,000 Ga/Al and (K2O + MgO) vs. 10,000 Ga/Al, they all plot in the
field of A-type granite (Fig. 8; Whalen et al., 1987).

Generally, A-type granites have a relatively high temperature origin,
which is different from other types of granite. The saturation tempera-
ture of zircons can generally be considered to approximately represent
the initial magma temperature of granitic rocks (King et al., 2001;
Miller et al., 2003; Watson and Harrison, 1983). Hydrothermal experi-
ments in the temperature range 750–1020 °C have defined the satura-
tion behavior of zircon in crustal anatectic melts as a function of both
temperature and composition. The results provide a model of zircon
solubility given by:

InDZr
zircon=melt ¼ −3:80– 0:85 M–1ð Þ½ �ð Þ þ 12900=T

where DZr
zircon/melt is the concentration ratio of Zr in the zircon to that in

the melt, T is the absolute temperature, and M is the cation ratio
(Na+ K+ 2Ca)/(Al− Si) (Watson and Harrison, 1983). The saturation
temperature of zircons from theWangjiazhuang granite is between 806
and 861 °C (Supplementary Table 3) with an average value of 836 °C,
which is interpreted to represent the formation temperature of the
Wangjiazhuang granite (Watson andHarrison, 1983). This temperature
is higher than typical I-type granites but similar to those of typical A-
type granites worldwide (Bonin, 2007; Clemens et al., 1986; King
et al., 1997, 2001; Miller et al., 2003; Zhao et al., 2008).

In conclusion, it is suggested that the Wangjiazhuang granite in the
Neoarchean Zanhuang tectonic mélange belt shows a typical affinity of
A-type granites.
6.3.2. Magma source nature
The genesis of A-type granite is controversial, with two categories

including crustal and mantle regions suggested as their source. The
high contents of Si, K, and Rb/Sr ratios (1.80 to 3.21, average value =
2.54), low contents of Mg and Cr (Supplementary Table 3) suggest
that the Wangjiazhuang granite can't be derived from mantle-derived
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melts. The low εNd (t) values (+0.12 to +1.13) (Supplementary
Table 4) of theWangjiazhuang granite are also consistent with contam-
ination by ancient crust. Based on a crustal origin, twomodels have been
proposed to account for the nature of the crustal source: 1) partialmelt-
ing of a dry and granulitic residue from extraction of prior granitic melt
(Clemens et al., 1986; Collins et al., 1982; Whalen et al., 1987) and
2) remelting of tonalite or granodiorite at high temperature (Creaser
et al., 1991; Patiño Douce, 1997; Skjerlie and Johnston, 1993).
Experiments show that remelting of refractory granulitic residues gen-
erated from partial melting of crustal rocks depletes alkalis relative to
Al2O3 and TiO2 relative to MgO (Patiño Douce and Beard, 1995), which
is not consistent with the high (Na2O + K2O)/Al2O3 and TiO2/MgO ra-
tios of the Wangjiazhuang granite (Supplementary Table 3). For this
reason, the first model is discounted.

Patiño Douce (1997) documented that dehydration melting of
tonalite or granodiorite with plagioclase-rich residuum at high temper-
atures is capable of generating aluminous A-type granite. The
Wangjiazhuang granite has peraluminous features (Fig. 6A). The obvi-
ously negative Sr and Eu anomalies suggest that plagioclase may have
been preserved in the residue. Archean TTG gneisses with a dominance
of tonalite are widespread in the Zanhuang massif (Wang et al., 2013a;
Yang et al., 2013), which can provide a probable source for the
Wangjiazhuang granite. In addition, the one stage Nd isotope model
ages (2750–2863Ma, average value= 2799Ma) are older than the for-
mation age of theWangjiazhuang granite (ca. 2.5 Ga) and similar to the
age of the TTG gneisses (ca. 2.7 Ga), suggesting that theWangjiazhuang
granite may have resulted from partial melting of the ca. 2.7 Ga TTG
gneisses in the Zanhuang massif.

6.4. Overview of the ca. 2.5 Ga magmatic event in the NCC

The ca. 2.5 Ga magmatic event of granitic intrusions with similar
geochemistry and petrogenesis is not just distributed in the Zanhuang
massif (Fig. 1B-1), but is dispersed in the Central Orogenic Belt and
Eastern Block of the NCC (Fig. 1B). The summary of reported ca. 2.5 Ga
magmatic rocks with GPS coordinates is shown in Table 1 and location
of every granitic pluton of this type is shown in Fig. 1B.

The ca. 2.5 Ga granitic rocks in the Central Orogenic Belt of the NCC
mainly include granite, pegmatite, granitoid and monzogranite.
Undeformed pegmatites have been reported from the Zanhuangmassif
(labeled as 1 in Fig. 1B) yielding 207Pb/206Pb ages of 2539 ± 44 Ma
(Wang et al., 2013a) and 2504 ± 16 Ma (Deng et al., 2014) from mag-
matic zircons. Based on field observations, both the Wangjiazhuang
granite (Fig. 1B) and pegmatite in the Zanhuangmassif crosscut the fab-
rics and many sections of the Zanhuang mélange and have coeval ages
of ca. 2.5 Ga. We therefore suggest that they formed in the same
tectonomagmatic event (Wang et al., 2013a). SHRIMP dating of mag-
matic zircons from the Jiandeng potassic granite (Fig. 1B) in the
Zanhuang massif yielded an age of 2490 ± 13 Ma (Table 1; Yang et al.,
2011b). The geochemical characteristics show A-type affinity on a
Na2O vs. K2O diagram (Fig. 8A). LA–ICPMS dating of magmatic zircons
from theHaozhuang granite (Fig. 1B) in theWestern Zanhuang Domain
yielded 207Pb/206Pb ages of 2475–2509 Ma (Table 1; Fu et al., in
preparation). On the Na2O vs. K2O classification diagram, they all plot
in the A-type field (Fig. 8A). In the Wutai Complex (labeled as 2 in
Fig. 1B), ca. 2517–2566 Ma magmatism has been reported in several
places (Table 1; Liu et al., 1985; Wilde et al., 1997, 2005). Wilde et al.
(2005) interpreted these relatively evolved granitoids to be derived
from older basement consisting of TTG rocks of the NCC and are a con-
sequence of subduction and related arc magmatism. In addition, forma-
tion ages of 2560 ± 6 Ma and 2520 ± 30 Ma from the Lanzhishan and
Ekou granites (Fig. 1B) have been documented in the Wutai Complex
which are also interpreted to be generated from older TTG rocks of the
NCC basement (Liu et al., 1985). In the Fuping Complex (labeled as 3
in Fig. 1B), Li et al. (2004) reported ca. 2.5 Ga magmatic ages (Table 1)
from zircon cores of potassic pegmatites and granite with low Th/U
ratios and suggested that these granitic intrusions are related to a sub-
duction event. Zhao et al. (2002) also described a pegmatite which
yielded an igneous age of 2507 ± 11 Ma, interpreted to be a product
of a magmatic arc system (Table 1). In the Huai'an Complex (labeled
as 4 in Fig. 1B), Zhang et al. (2011) demonstrated that the Xuanhua
and Manjinggou potassic granites (Fig. 1B) have igneous zircon ages of
2437–2493 Ma (Table 1) and suggested that they were formed by par-
tial melting of lower crust. In the Dengfeng Complex (labeled as 5 in
Fig. 1B), Wan et al. (2009) reported a formation age of 2513 ± 33 Ma
from the Lujiagoumonzogranite (Fig. 1B)with geochemical characteris-
tics of A-type granites (Table 1) and suggested that themonzogranite is
a product of magmatism after an earlier collision.

For the Eastern Block of the NCC, the ca. 2.5 Ga granitic rocks mainly
include tonalite, monzogranite, granodiorite, syenogranite and potassic
granite. In the Eastern Hebei Province (labeled as 5 in Fig. 1B), Geng
et al. (2006) reported widely distributed tonalites which yield an intru-
sion age of 2550±2Ma (Table 1), and demonstrated that the formation
of such a great amount of magmawas a critical crustal generation stage
at the end of the Neoarchean.Magmatic zircons from twomonzogranite
samples yield207Pb/206Pb intrusion ages of 2512 ± 12 Ma and 2525 ±
10Ma (Table 1; Nutman et al., 2011) and interpreted themonzogranite
to have been formed during magmatic arc evolution. These
monzogranites show marked negative Ti anomalies and enrichment of
the light REE relative to the heavy REE (Nutman et al., 2011), which
are similar to those of theWangjiazhuang granite. TheQinhuangdao po-
tassic granites (Fig. 1B) with A-type affinity (Fig. 8A) were reported to
have 207Pb/206Pb formation ages of 2522–2523 Ma and were suggested
to have resulted from the melting of ancient crust (Yang et al., 2008).
Wan et al. (2012) also reported that the Qinhuangdao granite (Fig. 1B)
has a 207Pb/206Pb formation age of 2511 ± 10 Ma (Table 1) and sug-
gested that it was formed through melting of continental crust and its
formation marks a tectono-magmatic event at the end of the
Neoarchean. This sample falls into the A-type granite field in the Na2O
vs. K2O diagram (Fig. 8A). In Western Liaoning Province (labeled as 7
in Fig. 1B), Kröner et al. (1998) reported that intrusion of granitoids in
the Jianping Complex (Fig. 1B) began at 2521.8 ± 0.8 Ma (Table 1)
and speculated that the Jianping Complex was part of an active conti-
nental margin in the Neoarchean. In Western Shandong Province (la-
beled as 8 in Fig. 1B), Wan et al. (2010) reported SHRIMP U–Pb zircon
ages of 2490–2539 Ma (Table 1) from magmatic rocks and suggested
that these Neoarchean magmatic rocks were probably formed in an
arc environment. Zhao et al. (2008) also reported potassic granites
with A-type affinity with SHRIMP U–Pb zircon igneous age of 2530 ±
7 Ma. Peng et al. (2013) described late Neoarchean Taishan potassic
granites (Fig. 1B) which yielded ages of 2517 ± 21 Ma, 2526 ± 38 Ma
and 2462±18Ma (Table 1) and suggested that they formed in an active
subduction regime in a continental crustal evolution process. The geo-
chemical results plot into the field of A-type granite (Fig. 8A).

In conclusion, it is clear that the strong ca. 2.5 Ga magmatic event
with the prominent characteristics of emplacement of the ca. 2.5 Ga gra-
nitic rocks is widely distributed in the Central Orogenic Belt and Eastern
Block of the NCC. Based on the above information, these granitic rocks
with concentrated magmatic zircon ages of ca. 2.5 Ga have similar geo-
chemical characteristics and probably formed in a similar tectonic set-
ting. Their geochemical characteristics show A-type granite affinity
with relatively high potassium contents (Peng et al., 2013; Yang et al.,
2011b; Zhang et al., 2011; Zhao et al., 2008). The most accepted idea
on the petrogenesis of the ca. 2.5 Ga granitic rocks is that these granitic
rocks formed from partial melting of the older TTG lower crust in an arc
setting associated with subduction (Deng at al., 2014; Huang et al.,
2010; Kröner et al., 1998; Li et al., 2006; Liu et al., 1985, 1990; Nutman
et al., 2011; Peng et al., 2013; Trap et al., 2009; Wan et al., 2009, 2010,
2012; Wang et al., 2013a; Wilde et al., 1997, 2005; Yang et al., 2011b;
Zhang et al., 2011; Zhao et al., 2002, 2005, 2008; Zhou et al., 2011),
though some people argue that they were related to the underplating
by a mantle plume (Lu et al., 2008; Wu et al., 2012; Zhao and Guo,



Table 1
Summary of magmatic zircon ages (Ca. 2500 Ma) from granitic rocks in the whole North China Craton.

Location GPS location Lithology Sample Formation
age (Ma)

Method Reference Geochemistry

Na2O K2O

Central Orogenic Belt
Zanhuang Massif (ZH)

Wangjiazhuang N 37°19′37.2″, E 114°11′19.6″ A-type granite 168-1 2540 ± 23 LAICPMS Wang et al. (2013a)
Wangjiazhuang N 37°18′2.2″, E 114°13′29.9″ A-type granite 91-1b 2493 ± 22 LAICPMS Wang et al. (2013a)
Wangjiazhuang N 37°19′36.7″, E 114°11′30.4″ A-type granite 13XT17-1 2517 ± 20 LAICPMS this study
Wangjiazhuang N 37°19′37″, E 114°11′19.5″ A-type granite 13XT19-1 2506.4 ± 9.8 LAICPMS this study
Wangjiazhuang N 37°18′1.1″, E 114°13′30.1″ A-type granite 13XT22-1 2513 ± 13 LAICPMS this study
Lujiazhuang N 37°13′13.8″, E 114°06′22.1″ Pegmatite 76-5c 2539 ± 44 LAICPMS Wang et al. (2013a)
Lujiazhuang N 37°13′06″, E 114°06′05″ Pegmatite 13XT10-2 2504 ± 16 LAICPMS Deng et al. (2014)
Jiandeng N 37°29′08″, E 114°19′30.4″ Potassic granite Z03-3 2490 ± 13 SHRIMP Yang et al. (2011b) 3.49 5.76
Haozhuang N 37°29′22.4″, E 114°12′36.4″ Granite 13XTA-31-1 2475 ± 37 LAICPMS Fu et al., in prep. 6.45 3.35
Haozhuang N 37°29′22.6″, E 114°12′36.2″ Granite 13XTA-31-2 2509 ± 24 LAICPMS Fu et al., in prep. 6.52 4.2

Wutai Complex (WT)
Lanzhishan Granite PC-95-94 2553 ± 8 SHRIMP Wilde et al. (1997)
Lanzhishan Granite PC-95-96 2537 ± 10 SHRIMP Wilde et al. (1997)
Ekou Granite 95-19 2555 ± 6 SHRIMP Wilde et al. (1997)
Ekou Granite PC-95-34 2566 ± 13 SHRIMP Wilde et al. (1997)
Longquanguan Granitoid WL9 2540 ± 18 SHRIMP Wilde et al. (1997)
Longquanguan Granitoid WN11 2541 ± 4 SHRIMP Wilde et al. (1997)
Longquanguan Granitoid WL12 2543 ± 7 SHRIMP Wilde et al. (1997)
Lanzhishan Granite Ag5-5 2560 ± 6 SGD Liu et al. (1985)
Ekou Granite Ea-r 2520 ± 30 SGD Liu et al. (1985)
Guangmingsi Granite Ag6-2 2522 ± 17 SGD Liu et al. (1985)
Guangmingsi N 39°02′26″, E 113°37′09″ Granitoid 95-PC-76 2531 ± 5 SHRIMP Wilde et al. (2005)
Shifo N 38°55′39″, E 113°38′33″ Granitoid 95-PC-98 2531 ± 4 SHRIMP Wilde et al. (2005)
Chechang–Beitai N 39°05′32″, E 113°38′14″ Granitoid WC5 2538 ± 6 SHRIMP Wilde et al. (2005)
Chechang–Beitai N 39°05′14″, E 113°38′31″ Granitoid WC6 2546 ± 6 SHRIMP Wilde et al. (2005)
Chechang–Beitai N 39°12′22″, E 113°42′56″ Granitoid WC7 2552 ± 11 SHRIMP Wilde et al. (2005)
Chechang–Beitai N 39°04′31″, E 113°39′53″ Granitoid 95-PC-6B 2551 ± 5 SHRIMP Wilde et al. (2005)
Wangjiahui N 39°01′06″, E 113°01′01″ Granitoid 95-PC-62 2520 ± 9 SHRIMP Wilde et al. (2005)
Wangjiahui N 39°01′00″, E 113°01′04″ Granitoid 95-PC-63 2517 ± 12 SHRIMP Wilde et al. (2005)

Fuping Complex (FP)
Xinzhuang Pegmatite FP224 2507 ± 11 SHRIMP Zhao et al. (2002)
Banqiaogou Pegmatite F01101-2 ~2500 SHRIMP Li et al. (2004)
Banqiaogou Anatetic granite F01101-1 ~2500 SHRIMP Li et al. (2004)

Huai'an Complex (HA)
Xuanhua N 40°41′45″, E 115°12′28″ Potassic granite XGY01-2 2493 ± 6 SHRIMP Zhang et al. (2011)
Manjinggou N 40°20′09″, E 114°27′29″ Biotite granite DJG12 2437 ± 10 LAICPMS Zhang et al. (2011)
Dengfeng Complex (DF)
Lujiagou N 34°27′54″, E 112°48′14″ Monzogranite XS0416-11 2513 ± 33 SHRIMP Wan et al. (2009) 3.33 5.41

Eastern Block
Eastern Hebei Province (EH)

Yuhuzhai Tonalite TP22 2550 ± 2 SHRIMP Geng et al. (2006)
Beidaihe N 39°48′40″, E 119°29′05″ Monzogranite J08/12 2512 ± 12 SHRIMP Nutman et al. (2011)
Beidaihe N 39°48′47″, E 119°29′31″ Monzogranite J08/16 2525 ± 10 SHRIMP Nutman et al. (2011)
Qinhuangdao Granite FW04-54 2523 ± 6 LAICPMS Yang et al. (2008) 3.67 5.07
Qinhuangdao Granodiorite FW04-42 2522 ± 5 LAICPMS Yang et al. (2008) 3.28 4.68
Qinhuangdao Syenogranite J0817 2511 ± 10 SHRIMP Wan et al. (2012) 2.94 5.27

Western Liaoning Province (WL)
Jianping Granitoid 2521.8 ± 0.8 SGD Kroner et al. (1998)

Western Shandong Province (WS)
Lushan N 36°19′09″, E 118°11′19″ Syenogranite S0788 2525 ± 13 SHRIMP Wan et al. (2010)
Shihaishan N 35°20′39″, E 117°32′46″ Syenogranite S0516 2533 ± 8 SHRIMP Wan et al. (2010)
Tianhuang N 35°23′59″, E 117°07′23″ Granodiorite S0705 2525 ± 8 SHRIMP Wan et al. (2010)
Feicheng N 36°23′59″, E 116°46′22″ Monzogranite S0827 2503 ± 11 SHRIMP Wan et al. (2010)
Sishui N 35°46′34″, E 117°08′37″ Monzogranite S0777 2513 ± 12 SHRIMP Wan et al. (2010)
Guimengding N 35°33′22″, E 117°57′29″ Monzogranite S0717 2534 ± 8 SHRIMP Wan et al. (2010)
Guimengding N 35°33′30″, E 117°50′39″ Monzogranite S0710 2515 ± 12 SHRIMP Wan et al. (2010)
Taishan N 35°33′42″, E 117°50′42″ Monzogranite S0711 2539 ± 15 SHRIMP Wan et al. (2010)
Taishan N 36°16′21″, E 117°02′14″ Monzogranite SY0333 2507 ± 27 SHRIMP Wan et al. (2010)
Yanlingguan N 36°02′14″, E 117°34′46″ Monzogranite SY0310 2501 ± 15 SHRIMP Wan et al. (2010)
Qixingtai N 36°27′45″, E 117°23′06″ Monzogranite S0727 2508 ± 10 SHRIMP Wan et al. (2010)
Qixingtai N 36°28′49″, E 117°23′10″ Monzogranite S0728 2518 ± 9 SHRIMP Wan et al. (2010)
Lushan N 36°17′21″, E 118°03′20″ Monzogranite S0791 2508 ± 20 SHRIMP Wan et al. (2010)
Mengyin N 35°46′28″, E 118°11′19″ Syenogranite S0508 2531 ± 8 SHRIMP Wan et al. (2010)
Lushan N 36°17′19″, E 118°03′17″ Syenogranite S0789 2517 ± 13 SHRIMP Wan et al. (2010)
Lushan N 36°19′09″, E 118°11′19″ Syenogranite S0788 2525 ± 13 SHRIMP Wan et al. (2010)
Yishan N 36°12′19″, E 118°37′48″ Syenogranite S0787 2490 ± 10 SHRIMP Wan et al. (2010)
Yinglingshan Potassic granite YS06-30 2530 ± 7 SHRIMP Zhao et al. (2008) 2.67 5.68
Taishan N 35°27′29″, E 118°05′53″ Potassic granite 08YS-105 2517 ± 21 LAICPMS Peng et al. (2013) 4.26 4.11
Taishan N 35°28′40″, E 118°03′18″ Potassic granite 08YS-112 2526 ± 38 LAICPMS Peng et al. (2013) 3.60 4.44
Taishan N 35°21′42″, E 117°26′48″ Potassic granite 08YS-142 2462 ± 18 LAICPMS Peng et al. (2013) 3.74 4.33

Note: Zircon U–Pb: LAICPMS: laser ablation inductively coupled plasma mass spectrometry; SHRIMP: sensitive high resolution ion microprobe; SGD: single grain dissolution method by
Krogh, 1973. Major element values are in wt.%.
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2012; Zhao et al., 2012). It is noteworthy that the ca. 2.5 Ga granitic
rockswith similar geochemistry and tectonic setting seem to be only ex-
posed in the Central Orogenic Belt and the Eastern Block of the NCC.
There are ca. 2.5 Ga granitic rocks distributed in the Western Block,
but they have different geochemical characteristics and reflect a differ-
ent tectonic setting (Jian et al., 2012).

6.5. Geodynamic implication for the NCC

6.5.1. Arc–continent collision at ca. 2.5 Ga in the NCC
Although the collisional mechanism of the NCC has been controver-

sial for several decades, more evidence shows that the first collision be-
tween the Fuping arc and Eastern Block attributed to arc–continent
collision over a west-dipping subduction zone (Kusky, 2011a, 2011b;
Kusky and Li, 2003). Recently, we documented a Neoarchean tectonic
mélange and a suite of passivemargin sediments grading up into a fore-
land basin sequence (Wang et al., 2013a), separating TTGgneisses of the
Western Zanhuang Domain (Fuping arc) with SHRIMP zircon U–Pb age
of ca. 2692±12Ma (Trap et al., 2009) and TTG gneisses of Eastern Block
(continental block)with late Archean ages (Kusky and Li, 2003). The pe-
trology, geochemical and geochronological analyses on the late mafic
dikes that crosscut all the units of the mélange also suggest that the
first collision in the NCC was an arc–continent collision at ca. 2.5 Ga
(Deng et al., 2013, 2014). We therefore suggest that the Fuping
arc and the Eastern Block continent collided prior to 2.5 Ga during
arc–continent collision (Wang et al., 2013a).

6.5.2. Reversed subduction polarity event after arc–continent collision in
the NCC

The whole Neoarchean Zanhuang mélange was intruded by a suite
of 2.53 Ga mafic dike swarms (Deng et al., 2014). Based on field and
structural studies on the Neoarchean Zanhuang mélange, geochemical,
geochronological and isotopic studies on the mafic dikes in the
Zanhuangmassif of the Central Orogenic Belt, and comparative analyses
with coeval mafic dikes in the NCC (Li et al., 2010; Liu et al., 2014; Tang
et al., 2007; Wu et al., 2014), we propose that the Neoarchean mafic
dikes in the Central Orogenic Belt and Eastern Block of the NCC form a
large regional mafic dike swarm in the NCC (Deng et al.., 2013, 2014;
Wang et al., 2013a). Thesemafic dikeswere generated from themelting
of an enriched mantle that provided parental magma for the mafic
dike swarms (Fig. 9; Deng et al., 2013, 2014). Deng et al. (2014) suggest
that the mantle source of 2.53 Ga mafic dike swarms was related to an
arc and enriched by a subduction-related event. In addition, the
hornblendites in the Neoarchean Zanhuang mélange are considered to
be related to arc or subduction-related environment (Deng et al.,
Fig. 9.Model of interpreted geodynamic origin of the ca. 2.5 Ga magmatic event in the Central O
lowing the collision between the Eastern Block of the NCC and the intra-oceanic arc terrane to t
mantle, and then gives rise to the formation of the ca. 2.5 Ga Wangjiazhuang granite.
2014; Polat et al., 2012). We proposed that a new east-dipping subduc-
tion zone developed below thewestern side of the newly sutured active
island arc/Eastern Block. The new subduction resulted in the lithospher-
ic mantle becoming enriched by the new subduction slab-derivedmelts
and fluids, and gave rise to the formation of 2.53 Ga mafic dikes.
Meanwhile, the rising parental magma of these mafic dike swarms in-
duced partial melting of the old and thickened TTG crust leading to
the formation of the ca. 2.5 Ga A-type Wangjiazhuang granite in the
Zanhuang massif and its correlatives throughout the eastern NCC
(Deng et al., 2014; Wang et al., 2013a). In this study, we further pro-
posed that the ca. 2.5 Ga potassic granitic rocks are distributed both in
the Central Orogenic Belt and the Eastern Block of the NCC and are con-
temporaneouswith the intrusion of the 2.5 Gamafic dike swarms in the
NCC, and suggest that these ca. 2.5 Ga magmatic rocks in the NCC were
formed through partial melting of the older thickened arc (Fuping arc)
and older TTG gneisses (Fig. 9; Deng et al., 2014; Wang et al., 2013a).

Based on geochemical and geochronological studies on the ca. 2.5 Ga
mafic dike swarms and the granitic rocks in the Zanhuangmassif of the
NCC, and a comparison study with similar-aged mafic dike swarms and
granitic rocks in the Central Orogenic Belt and Eastern Block of the NCC
(Deng et al., 2013, 2014;Wang et al., 2013a and this study), we propose
a Neoarchean subduction polarity reversal event that initiated subduc-
tion dipping to the east following the arc–continent collision between
the Eastern Block and the Fuping arc to explain the intrusion of the
2.5 Gamafic dike swarms and the ca. 2.5 Ga granitic rocks in the Central
Orogenic Belt and Eastern Block.We suggest that this subduction rever-
sal event occurred beneath thewesternmargin of the arc–continent col-
lision zone. The enriched mantle starts to melt after the subduction
reversal event and resulted in the development of the mafic dike
swarms. The rising magma that is parentally from melting of the
enriched mantle ponded at the bottom of the old and thickened lower
crust with arc affinity and gave rise to its melting and then produced
the ca. 2.5 Ga granitic rocks in the Central Orogenic Belt and Eastern
Block of the NCC (Fig. 9).

6.5.3. Subduction polarity reversal events worldwide
The Neoarchean subduction reversal event after an earlier arc–

continent collision in the NCC can be compared to many examples
worldwide. McKenzie (1969) proposed that the subduction direction
beneath an island arc will reverse following arc–continent collision.
Seismic tomography and physical modeling evidence for subduction
polarity reversal has been shown in the Solomon island arc (Copper
and Taylor, 1985), Taiwan (Chemenda et al., 1997) and the Alpine
and the Apennine belts (Vignaroli et al., 2008). Although geophysical
evidence can effectively show modern subduction polarity, geological
rogenic Belt of the NCC. A new east-dipping reversed subduction happened at 2.5 Ga, fol-
hewest. This east-subduction polarity reversal event results in themelting of the enriched
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and structural data can also show convincing evidence for the
direction of the subduction polarity in ancient orogens. Based on field
and structural data of the thrust emplacement of the Hispaniola perido-
tite belt, Draper et al. (1996) proposed an arc polarity reversal in
the mid-Cretaceous Caribbean. According to the geodynamic model
based on structural and geological data for southern Kamchatka,
Konstantinovskaia (2001) proposed a subduction polarity reversal,
which is the most characteristic feature following arc–continent colli-
sion. All the above examples show that the subduction polarity reversal
events are well-documented in Cenozoic and Mesozoic orogens world-
wide. However, they have been rarely reported from Archean orogens.
In this paper, we propose a Neoarchean subduction polarity reversal be-
neath the Fuping arc following arc–continent collision. Teng et al.
(2000) suggested that the subduction polarity reversal in northern
Taiwan beneath the Taiwan orogen was caused by the breakoff of the
Eurasian slab, which created amantlewindow for the lateralmovement
of the Philippine Sea plate. In addition, Clift et al. (2003) proposed that
the subsequent subduction polarity reversal was due to the continuous
tearing and retreat of the oceanic lithosphere, which provided space for
the subduction polarity reversal of the new oceanic plate. Condie and
Kröner (2013) suggested that oceanic arcs in the Archean were thicker
than in younger geological times due to the higher degrees ofmelting in
the mantle and the more buoyant oceanic lithosphere, and might have
had a higher tendency to accrete to each other. We propose that the
arc–continent collision between the Eastern Block continent and the
Fuping arcwas the initial trigger for the subsequent subduction polarity
reversal. The arc–continent collision made the western margin of the
accreted active arc–Eastern Block continent become a more vulnerable
place where the new subduction was initiated with polarity reversal to
the east. This change in subduction polarity leads to the formation of ca.
2.5 Ga mafic dikes and granitic rocks in the Central Orogenic Belt and
Eastern Block of the NCC (Fig. 9).
7. Conclusions

The following conclusions are drawn from this study:

1) Geochemical data shows that the Wangjiazhuang granite has
peraluminous and potassic characteristics and belongs to the
shoshonitic series. They geochemically fall into the A-type granite
field.

2) New LA–ICP–MS zircon 207Pb/206Pb ages of the Wangjiazhuang
granite confirm that it is ca. 2.5 Ga in age. Combined with previ-
ous studies on the ca. 2.5 Ga magmatic rocks in the Central Oro-
genic Belt and Eastern Block in the NCC, we propose that the ca.
2.5 Ga magmatic event in the Zanhuang massif is widely distrib-
uted in the North China Craton, implying that these A-type plu-
tonic rocks formed in a similar tectonic setting related to
subduction.

3) A Neoarchean subduction polarity reversal event following the
2.5 Ga collision of the easternNCCwith an arc is proposed to account
for the intrusion of the 2.5Ga granitic plutons in the Central Orogenic
Belt and Eastern Block of the NCC. This Neoarchean subduction po-
larity reversal event is similar to those in younger geological times
and provides strong evidence that plate tectonics was operating by
the end of the Nearchean.

4) The subduction polarity reversal event at ca. 2.5 Ga in the NCC result-
ed in the melting of the enriched mantle. Meanwhile, the rising
magma induced partial melting of old and thickened TTG lower
crust leading to the formation of the ca. 2.5 Ga granitic rocks includ-
ing the ca. 2.5 Ga Wangjiazhuang granite which intrudes the
Neoarchean Zanhuang tectonic mélange.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.lithos.2015.01.029.
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