
Chapter 2
Geological Background

Abstract The North China Craton is a general term referred to the Chinese part of
the Sino-Korea Craton, and it consists of Archean to Paleoproterozoic metamor-
phosed basement overlain by Mesoproterozoic to Cenozoic unmetamorphosed
cover. The Precambrian basement of the North China Craton can be subdivided into
the Eastern Block, the Western Block, and the Trans-North China Orogen. Details
of the regional geology are reviewed in this chapter.
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2.1 Introduction

The North China Craton is a general term referred to the Chinese part of the Sino-
Korea Craton, occupying*1.5 million km2 in most of northern China, the southern
part of northeastern China, Inner Mongolia, the Bohai Sea, and the northern part of
the Yellow Sea (Fig. 2.1; Zhao et al. 2005). It is roughly triangle in shape and
bounded by faults and younger orogenic belts, with the Late Paleozoic Central Asian
Orogenic Belt to the north, the Early Paleozoic Qilianshan Orogen to the southwest,
the Mesozoic Qinling-Dabie Orogenic Belt to the south, and the Mesozoic Su-Lu
ultrahigh-pressure metamorphic belt to the southeast (Fig. 2.1; Zhao et al. 2005). The
craton consists of Archean to Paleoproterozoic metamorphosed basement overlain
by Mesoproterozoic to Cenozoic unmetamorphosed cover. The Eoarchean to
Mesoarchean basement rocks with ages ranging from 3.85 to 2.8 Ga have only been
reported from local places, such as the Anshan–Benxi area (Liu et al. 1992; Song
et al. 1996), and they are sparsely exposed as enclaves, boudins and sheets within the
widespread Neoarchean tonalitic–trondhjemitic–granodioritic (TTG) gneisses and
granites (Wu et al. 1991). The petrographic evidence for Eoarchean to Mesoarchean
metamorphic events has been completely obliterated by the widespread and intense
reworking during Neoarchean tectonothermal events at ca. 2.5 Ga (Zhao et al. 2001,
2005, 2012 and reference wherein). Comparatively, Neoarchean basement rocks are
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widespread over the NCC and are composed of 2.6–2.5 Ga TTG gneisses,*2.5 Ga
granites and minor rafts of supracrustal rocks (Fig. 2.2), experiencing polyphase
deformation and greenschist to granulite facies regional metamorphism at ca. 2.5 Ga
(Cui et al. 1991; He et al. 1991; Jahn and Zhang 1984; Kröner et al. 1998; Liu et al.
1985; Shen et al. 1987).

As mentioned in Chap. 1, major advancements have been achieved in under-
standing the Neoarchean to Paleoproterozoic evolution of the NCC following
recognition of three Paleoproterozoic tectonic belts, namely the Trans-North China
Orogen, Khondalite Belt, and Jiao-Liao-Ji Belt (Fig. 2.2; e.g., Zhao et al. 1998,
2001, 2005, 2012), of which the NS-trending Trans-North China Orogen (TNCO)
divides the NCC into two discrete blocks, named the Eastern and Western Blocks
(Fig. 2.2; e.g., Zhao et al. 1998, 2001, 2005, 2012). The EW-trending Khondalite
Belt divides the Western Block into the Yinshan Block in the north and the Ordos
Block in the south, whereas the Jiao-Liao-Ji Belt separates the Eastern Block into
the Nangrim and Longgang Blocks (Zhao and Zhai 2013; Zhao et al. 2001, 2005,
2012, and references therein). An extensive overview of the lithological, geo-
chemical, structural, metamorphic, and geochronological differences between these
blocks and Paleoproterozoic tectonic belts has been given by Zhao et al. (2001,

Fig. 2.1 Schematic tectonic map of China showing the major Precambrian blocks and Late
Neoproterozoic and Paleozoic orogenic belts (after Zhao et al. 2000a)
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2005, 2012) and are not repeated here. What this thesis focuses on is the Eastern
Block, whose general geology is summarized as follows:

The Eastern Block consists of Archean basement rocks and Paleoproterozoic
Jiao-Liao-Ji Belt, of which the former exposed as complexes in the Anshan–Benxi,
Eastern Hebei, Miyun, Southern Jilin, Northern Liaoning, Southern Liaoning,
Western Liaoning, Eastern Shandong, and Western Shandong domains (Fig. 2.2;
Zhao et al. 2005).

The Archean basement of the Eastern Block is predominated by Neoarchean
(2.7–2.5 Ga) high- and low-grade TTG gneisses and *2.5 Ga syntectonic granit-
oid, with minor Paleoarchean to Mesoarchean (3.9–2.9 Ga) granitoid gneisses and
supracrustal rocks (Jahn et al. 2008; Liu et al. 1992, 2008; Song et al. 1996; Wilde
et al. 2008; Zhao et al. 1998, 2001, 2005), partially covered by Mesoproterozoic to
Cenozoic sequences.

The Paleo-Mesoarchean rocks occur as enclaves, boudins and sheets within the
Neoarchean TTG gneiss and syntectonic granites (Wu 1991), and have been found
only in the Anshan and Eastern Hebei areas, including fuchsite-bearing quartzites
with 3.9–3.4 Ga detrital zircons and*3.5 Ga amphibolites in the Caozhuang area of
the Eastern Hebei Complex, and the 3.8–3.3 Ga granitoids and metasedimentary
rocks in the Anshan Complex (Liu et al. 1992, 2008; Song et al. 1996;Wu et al. 2005;

Fig. 2.2 Tectonic subdivision of the North China Craton (after Zhao et al. 2005). AB
Anshan–Benxi; EH Eastern Hebei; ES Eastern Shandong; MY Miyun; NL Northern Liaoning; SL
Southern Liaoning; SJ Southern Jilin; WL Western Liaoning; WS Western Shandong; TLF
Tancheng–Lujiang fault
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Wilde et al. 2008). In addition to the Anshan and Eastern Hebei domains,
*3.6–2.9 Ga zircons have also been reported from felsic granulite xenoliths in the
Mesozoic volcanic rocks in the Xinyang area in the southwestern part of the Eastern
Block (Zheng et al. 2004), suggesting that the pre-Neoarchean crust is not only
restricted to the northern part of the Eastern Block, but also exists in the southern part
of this block (Zheng et al. 2004; Zhao et al. 2005). However, although all these early
Archean rocks may have undergone multiple episodes of metamorphism and
deformation in the period of 3.9–2.5 Ga, the major petrographic and isotopic infor-
mation of those early tectonothermal events has been strongly obliterated by the latest
granulite facies metamorphic event at*2.5 Ga (Jahn et al. 1984, 1987; Kröner et al.
1998; Song et al. 1996; Zhao et al. 1998). Therefore, the tectonic settings and evo-
lution of these Paleo-Mesoarchean rocks remain unclear.

The Neoarchean basement rocks of the Eastern Block are composed predomi-
nantly of TTG gneisses (up to 70 %) and ca. 2.5 Ga syntectonic granitoids, with
minor rafts of supracrustal rocks including ultramafic (komatiitic), mafic and felsic
volcanic and sedimentary rocks (Bai and Dai 1998; Wu et al. 1998; Zhao et al.
1998, 2001). All these rocks experienced polyphase deformation and widespread
greenschist to granulite facies metamorphism at ca. 2.50 Ga (Bai and Dai 1998; Ge
et al. 2003; Zhao et al. 1998). Previous metamorphic studies reveal that the late
Neoarchean (2.6–2.5 Ga) rocks are characterized by anticlockwise P–T paths
involving isobaric cooling (IBC) (Fig. 2.3a; Cui et al. 1991; Chen et al. 1994; Ge
et al. 1994, 2003; Li 1993; Sun et al. 1992, 1993; Zhao et al. 1998), which are
similar to those P–T paths of the Neoarchean basement rocks in the Western Block
(Fig. 2.3b), reflecting an origin related to the intrusion and underplating of mantle-
derived magmas (Zhao et al. 1998). These P–T paths are distinctively different from

(a) (b) (c)

Fig. 2.3 P–T paths of metamorphic rocks in the a Eastern Block, b Western Block and c Trans-
North China Orogen. a Eastern Block: 1 Western Shandong domain; 2 Eastern Hebei; 3 Western
Liaoning; 4Northern Liaoning; 5 Eastern Shandong; 6Miyun–Chengde; 7 Southern Jilin. bWestern
Block: 1 Guyang–Wuchuan; 2 Sheerteng; 3 Daqingshan–Wuchuan. c Trans-North China Orogen:
1 Hengshan; 2 Wutai; 3 Fuping; 4 Lüliang domain (Zhao et al. 2000a); 5 Zhongtiao; 6 Huaian;
7High-pressure granulite. References for P–T paths of the Eastern Block, Western Block and Trans-
North China Orogen are given in Zhao et al. (1998, 1999a, b, 2000a), respectively
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those clockwise P–T paths involving near-isothermal decompression of the Trans-
North China Orogen (Fig. 2.3c; Zhao et al. 2000a, b), which are generally con-
sistent with tectonic settings related to subduction and collision.

Structurally, the Archean basement of the Eastern Block is dominated by domes
of various scales composed by 2.6–2.5 Ga TTG gneisses, separated by linear su-
pracrustal rocks belts (Zhao et al. 2001). Many domiform batholiths are composed
chiefly of TTG gneisses that generally underwent upper greenschist to granulite
facies metamorphism, with quartz monzonites in amphibolite facies areas or
charnockites in granulite facies areas as the cores of domes (Zhao et al. 2001).

The Paleoproterozoic Jiao-Liao-Ji Belt (JLJB) lies in the Eastern Block in
NE–SW direction, with its southern segment extending across the Bohai Sea into
the Eastern Shandong Complex and its northern segment between the Northern
Liaoning–Southern Jilin Complex and the Southern Liaoning–Nangrim Complex
(Fig. 2.4; Zhao et al. 2005, 2006). The northern segment includes Macheonayeong

Fig. 2.4 Map of the Paleoproterozoic Jiao-Liao-Ji Belt in the Eastern Block of the North China
Craton (after Zhao et al. 2005; Tam et al. 2011)
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Group in North Korea, the Laoling and Ji’an groups in southern Jilin, and the North
and the South Liaohe groups in eastern Liaoning Peninsula, while the southern
segment includes the Jingshan and Fenzishan groups in eastern Shandong and the
Wuhe Group in Anhui Province (Fig. 2.4; Zhao et al. 2005).

The Jiao-Liao-Ji Belt is dominated by greenschist to lower amphibolite facies
volcanic and sedimentary successions, associated with granitic and mafic intrusions
(Luo et al. 2004, 2008; Li et al. 2005; Li and Zhao 2007; Zhou et al. 2008b). These
rocks range from a basal clastic-rich sequence and a lower bimodal volcanic
sequence, through a middle carbonate-rich sequence, to an upper pelite-rich
sequence (Luo et al. 2004, 2006; Li et al. 2005; Lu et al. 2006; Zhao et al. 2005).
The associated granitic intrusions consist of deformed A-type granites and under-
formed alkaline syenites and rapakivi granites, whereas mafic intrusions are com-
posed of dolerites and gabbros metamorphosed in greenschist to amphibolite facies
(Li et al. 2004, 2005; Lu et al. 2006). Previous geochronological studies suggest
that most of the deformed sedimentary and volcanic successions and undeformed
granites were formed during 2.2–2.0 Ga, metamorphosed and deformed at
*1.9–1.85 Ga (Luo et al. 2004, 2006; Li et al. 2005; Liu et al. 2012; Lu et al. 2006;
Tam et al. 2011).

Stratigraphically, the JLJB is subdivided into a northern belt and a southern belt
by a ductile shear zone (Fig. 2.4; He and Ye 1998; Lu et al. 1996; Li et al. 2005;
Zhao et al. 2005), of which the northern belt contains the Fenzishan, North Laiohe,
and Laoling groups, whereas the southern belt contains the Jingshan, South Liaohe
and Ji’an groups (Fig. 2.4; He and Ye 1998; Lu et al. 1996; Li et al. 2005; Zhao
et al. 2005). Previous metamorphic studies showed that the two belts have con-
tradictory metamorphic evolutions, in which the northern belt is characterized by
medium-pressure metapelitic rocks with clockwise P–T paths, whereas the southern
belt is characterized by low-pressure metapelitic rocks and metavolcanic rocks with
counterclockwise P–T paths (He and Ye 1998; Lu et al. 1996; Li et al. 2005; Zhao
et al. 2005). However, this is challenged as recent metamorphic studies have
revealed that the medium- to high-pressure mafic and pelitic granulites from both of
the Jingshan and Fenzishan groups are characterized by clockwise P–T paths (Tam
et al. 2012a, b, c).

The tectonic setting of the Jiao-Liao-Ji Belt is still hotly debated, with some
researchers considering it as a continent–arc–continent collisional belt (Faure et al.
2004; Lu et al. 2006), whereas others arguing that it involved the opening and
closure of an intracontinental rift basin (Luo et al. 2004, 2008; Li et al. 2005; Li and
Zhao 2007). Moreover, most recently, some scholars have proposed that this belt
represented a continent–continent collisional belt involving subduction (Tam et al.
2012a, b, c; Zhao et al. 2012; Zhao and Zhai 2013).
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2.2 Eastern Shandong Complex

The Eastern Shandong Complex, one of the largest Precambrian basement complexes
exposed in the Eastern Block (Fig. 2.2; Zhao et al. 2005), is located in the northeastern
part of the Shandong Province, and it is bounded by the Tancheng–Lujiang Fault zone
(TLF) in thewest, theWulian-Yantai Fault in the east and the Jiaolai Basin in the south
(Fig. 2.5). The Eastern Shandong Complex consists of the Archean Jiaodong Terrane
and uncomformably overlying Proterozoic metasedimentary cover sequences.

The Archean Jiaodong Terrane, best exposed in the Qixia area, is composed pre-
dominately of granitoid gneisses (over 90%) with minor supracrustal rocks (Figs. 2.5
and 2.6; Bai and Dai 1998; Tang et al. 2007). The pre-tectonic granitoid gneisses
consist dominantly of TTG gneisses with minor granitic rocks (Fig. 2.6), while the
supracrustal rocks, traditionally known as the “Jiaodong Group,” include numerous
amphibolites and minor biotite–plagioclase gneisses, both of which are sparsely
exposed as enclaves or tectonic lenses within the granitoid gneisses (Fig. 2.6).

Fig. 2.5 Geological sketch map of the Eastern Shandong Complex (after Zhou et al. 2008a, b;
Tam et al. 2011)
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Previous zircon U–Pb ages obtained for these lithologies have shown that their pro-
toliths were emplaced between 2.9 and 2.5 Ga (mainly at*2.7 Ga) (Jahn et al. 2008;
Liu et al. 2013a, b, c; Tang et al. 2007; Zhou et al. 2008a), different from the most
significant magmatism at 2.6–2.5 Ga in the NCC (e.g. Geng et al. 2006; Wu et al.
2013; Yang et al. 2008). Notably, Mesoarchean and Neoarchean granitoid gneisses
are indistinguishable in the field as they display similar geological and petrographic
characteristics. The Archean Jiaodong Terrane was metamorphosed in amphibolite
facies, locally in granulite facies, and available metamorphic zircon U–Pb ages from
this terrane show twometamorphic events at*2.5 Ga and*1.9–1.8 Ga (Bai andDai
1998; Jahn et al. 2008; Tang et al. 2007; Zhang et al. 2003; Zhou et al. 2008a). In
addition, sparsewhole-rockNd and zirconHf isotopic data indicate that theseArchean
rocks may have been derived mainly from juvenile crust with limited additions of old
crustal material (Jahn et al. 2008; Liu et al. 2013a).

Fig. 2.6 Geological sketch map of the Jiaodong Terrane (after Jahn et al. 2008)
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The overlying Paleoproterozoic Jingshan and Fenzishan groups were meta-
morphosed from amphibolite facies to granulite facies (Liu et al. 2013a; Tang et al.
2007; Wan et al. 2006; Zhai and Liu 2003; Zhai et al. 2005; Zhao et al. 2005; Zhou
et al. 2004, 2008b), while the Paleoproterozoic Zhifu Group and Neoproterozoic
Penglai Group were metamorphosed from upper greenschist facies to amphibolite
facies (Faure et al. 2001, 2003; SBGMR 1991; Zhou et al. 2008a). Previous
SHRIMP U–Pb zircon age data showed that the Fenzishan and Jingshan groups
were formed in the same period of 2.2–1.9 Ga and experienced metamorphism at
*1.88 Ga (Wan et al. 2006). Recently, high-pressure (HP) mafic and pelitic
granulites from the Jingshan and Fenzishan groups have been recognized and they
experienced peak high-pressure granulite facies metamorphism at 1.93–1.90 Ga,
characterized by clockwise P–T paths (Tam et al. 2011, 2012a, b, c; Zhou et al.
2004, 2008b). Detrital zircon ages of 2.9–1.8 Ga obtained for the Penglai and Zhifu
groups show two major populations of 2.45–2.1 and 2.0–1.7 Ga (Liu et al. 2013b;
Zhou et al. 2008a), indicating that their sources were most likely from the Paleo-
proterozoic Fenzishan and Jingshan groups.

2.3 Western Shandong Complex

The Western Shandong Complex, one of the largest complexes in the Eastern
Block, covers an area of more than 15,000 km2 and is bordered by the Liaocheng-
Lankao fault to the west and the Yi-Shu fault (YSF) to the east (Figs. 2.2 and 2.7). It
consists of the low-grade Luxi Granite–Greenstone Terrane in the west and the
high-grade Yishui Terrane in the east, separated by the NS-trending TLF (Fig. 2.7;
Bai and Dai 1998; Shen et al. 1993). The Luxi Granite–Greenstone Terrane makes
up 85 % of the Archean basement exposure in the Western Shandong Complex,
whereas the Yishui Terrane is mainly located within the TLF zone that extends
roughly in a NE–SW direction (Fig. 2.7).

2.3.1 Luxi Granite–Greenstone Terrane

In the Luxi Granite–Greenstone Terrane, the greenstones are composed of ultramafic
to felsic supracrustal rocks metamorphosed at greenschist to lower amphibolite
facies, whereas the granites consist of pre-tectonic orthogneisses of TTG composition
and syn-tectonic granitic rocks. Extensive zircon U–Pb dating and Hf isotopic
analyses have been carried out on the Luxi Granite–Greenstone Terrane in the past
few years (Du et al. 2010; Jiang et al. 2010; Wan et al. 2010, 2011, 2012a, b; Wang
et al. 2010). The results show that the volcanic rocks from the supracrustal sequences,
represented by the Taishan Group and the Jining Group, were formed during
2.75–2.55 Ga and the sedimentary rocks were deposited at 2.56–2.52 Ga. The results
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also reveal that most of the pre-tectonic TTG gneisses and massive granitoids
(monzonites, granodiorites, and syenogranites) in the Luxi Granite–Greenstone
Terrane were emplaced at 2.55–2.50 Ga and metamorphosed at*2.50 Ga, whereas
minor TTG rocks were emplaced at*2.75 Ga and metamorphosed at*2.65 Ga. Hf
isotopic data indicate that the supracrustal rocks, TTG gneisses and *2.5 Ga
syn-tectonic granites were derived from a depleted mantle at 2.85–2.70 Ga (Jiang
et al. 2010; Wan et al. 2011). This crustal accretionary event is interpreted as coeval
with the formation of komatiitic rocks in the Luxi Granite–Greenstone Terrane (Polat
et al. 2006). Therefore, the Luxi Granite–Greenstone Terrane in the Western
Shandong Complex recorded both the 2.75–2.70 and 2.55–2.50 Ga crust-forming
events.

2.3.2 Yishui Terrane

The Yishui Terrane is mainly confined to the Yishui-Tangtou Fault zone to the east
of the Yishui County, Shandong Province (Fig. 2.8). It consists of high-grade
metamorphosed granitoid plutons that make up to 75 % of the total exposure, and
supracrustal rocks traditionally called the Yishui Group.

Fig. 2.7 Geological sketch map of the Western Shandong Complex (after Wan et al. 2010)
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Fig. 2.8 Geological sketchmap of the Yishui Terrane (after Shen et al. 2000). 1 Phanerozoic covers;
2 veins; 3 Beixiazhuang assemblage; 4 Shishanguanzhuang assemblage; 5 Linjiaguanzhuang
assemblage; 6Dashan pluton; 7Yinglingshan pluton; 8Linjiaguanzhuang pluton; 9Niuxinguanzhu-
ang pluton; 10Caiyu pluton; 11Xueshan pluton; 12Mashan pluton; 13 gabbro; 14 faults; 15 sample
locations
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The Yishui Group is composed predominantly of mafic granulites as well as minor
pelitic and felsic gneisses (granulite facies), which crops out as irregular boudins and
ribbons within the granitoid gneisses. Based on distinct lithological units, the Yishui
Group has been subdivided into three assemblages, called the Linjiaguanzhuang,
Shishanguanzhuang, and Beixiazhuang assemblages (Fig. 2.8; Shen et al. 2000). The
former two assemblages consist mainly of metabasites with minor felsic gneisses,
whereas the Beixiazhuang assemblage is dominated by felsic and pelitic gneisses
with minor metabasites. Using the SHRIMP dating technique, Zhao et al. (2009b)
obtained metamorphic zircon ages of 2,522–2,496 Ma for the metabasites from the
Linjiaguanzhuang and Shishanguanzhuang assemblages, which are interpreted as the
timing of regional metamorphism. Zhao et al. (2009a) also dated magmatic detrital
zircons from a metapelitic sample near the Niuxinguanzhuang area, which did not
yield concordant ages due to different degrees of Pb loss.

The granitoid plutons are composed dominantly of weakly deformed granitoid
gneisses and charnockites, which are mainly exposed in the Niuxinguanzhuang,
Caiyu, Dashan, Mahsan, Xueshan, Yinglingshan, and Linjiaguanzhuang areas
(Fig. 2.8). Available geochronological data suggest these plutons were formed in
the late Neoarchean (2.56–2.50 Ga) with Mesoarchean inherited zircons of
3.09–2.93 Ga from local areas (Shen et al. 2004, 2007), and they all underwent
regional metamorphism at ca. 2.50 Ga (Shen et al. 2004).
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