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Huge growth of the late Mesoarchean—early Neoarchean (2.6~3.0 Ga) continental crust in the North

China Craton: A review

Abstract: Based on a brief introduction ofthe spatial distribution, rock types and formation ages of the late
Mesoarchean—early Neoarchean (2.6~3.0 Ga) rocks in some key areas of the North China Craton, this paper summarizes
the ages and geochemical and Nd-Hf-O isotopic compositions of the granitoids all over the craton. The late
Mesoarchean —early Neoarchean basement shows the following features: (1) The late Mesoarchean —early Neoarchean
magmatism is almost continuous, with a peak period of 2.70~2.75 Ga; (2) The late Mesoarchean—early Neoarchean rocks
widely occur in the North China Craton, mainly in the Eastern Ancient Terrane, the Central Ancient Terrane and the
Southern Ancient Terrane; (3) The intrusive rocks are mainly tonalite in composition, with trondhjemite, granodiorite, K-
rich granite and gabbro-diorite; (4) The supracrustal rocks are commonly small in scale and scatter in granitoids. The rock
types are mainly meta-basaltic rocks. In some areas, there are meta-komatiites, meta-andesitic-dacitic rocks and meta-
clastic sedimentary rocks; (5) 2.6 Ga can be regarded as the boundary between the early and late Neoarchean in the North
China Craton; (6) TTG rocks show large Sr/Y and La/YD variations, plotting in the high-, medium- and low-pressure TTG
areas in the Sr/Y—-Y and La/Yb—Yb diagrams. Except for a few K-rich granites, the late Mesoarchean—early Neoarchean
rocks are commonly depleted in Nd-Hf isotope compositions, with the magmatic zircon being similar in O isotope
composition to that of the Archean magmatic zircon worldwide; (7) Many regions have similar geological characteristics,
but some regions show great uniqueness. The research futher supports the understanding that, similar to many other typical
cratons worldwide, the late Mesoarchean—early Neoarchean is the most important period of continental accretion in the
North China Craton, and the main difference is that the North China Craton underwent a strong and widespread magmato-
tectonothermal event at the end of the Neoarchean.
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Fig. 1 Geological map of the early Precambrian basement of the North China Craton(showing spatial distribution of 2.6~3.0 Ga rocks and

locations of figures 2, 4, 7, 11, 14, 19, 23 and 25)

BB-Bengbu; CD—Chengde; DQS—Daqingshan; DF-Dengfeng; EH—eastern Hebei; ES—eastern Shandong; FP—Fuping; HA—Huai’an; HB—Hebi;

HS —Hengshan; HL —Helong; HQ —Huoqiu; LL —Lvliang; LS —Lushan; MY —Miyun; NL —northern Liaoning; SJ—southern Jilin; SL —southern

Liaoning; WL—weastern Liaoning; WS—western Shandong; WT—-Wutai; XQL—Xiaoqinling; YS—Yinshan; ZH—-Zanhuang; ZJK —Zhangjiakou;

ZT—Zhongtiao
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Fig.2 Geological map of the southern Jilin—northern Liaoning area, showing the spatial distribution of 2.6 ~ 3.0 Ga dated rock samples

(modified from Bao et al., 2022)
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/N, AL B 43 A (Liu et al., 2017; Li et al., 2020) .
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etal., 2022)
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(2)2.68 Ga TTG( 13IN45-2; Bao et al., 2022)
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area

(a) and (b) 2.73 Ga tonalitic gneiss , Waitoushan, (16BX03-3; Bao et al., 2022); (c) and (d) 2.68 Ga TTG, northwest of Baishan (13JN45-2; Bao
et al., 2022); (e) and (f) 2.69 Ga tonalitic gneiss, east of Qingyuan (14SJ02-1; Wu et al., 2021); (g) and (h) 2.78 Ga trondhjemitic gneiss (14SJ06-

1; Wuet al., 2021)
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Fig. 5 Field photographs of the Mesoarchean granitoids in the Tiejiashan—Gongchangling area

(a) 2.95 Ga syenogranitic gneiss (A0502, Tiejiashan—Gongchangling K-riched granite), north of Tiejiashan (Dong et al., 2017a); (b) 2.92 Ga
mylonitized fine-grained syenogranite (A1211, Tiejiashan —Gongchangling K-riched granite), west of Xiaolingzi (Dong et al., 2017a); (c)
Boundary between the 2.92 Ga mylonitized fine-grained syenogranite (A1211) and the 2.91 Ga mylonitized fine-grained syenogranite (A1212),
same location as Fig.5b (Dong et al., 2017a); (d) 2.99 Ga monzogranitic gneiss (A0533), east of Donganshan

Samples A0502 and A1211 are from the Tiejiashan—-Gongchangling K-rich granite, and sample A0533 is from the Donganshan granite. The pen

is 14 cm in length, whereas the coin is 2 cm in diameter, the same below.



5 5 TrintE, A% AR b ORE R AR — P R ACE Y (2.6~3.0 Ga) B SEE AR

&
[

873

0.7
I b

20 pm A0502
0.6

5 0.5
5
&
S04
0.3 A2 S AR 2948+14 Ma
MSWD=0.26, 5 4l i, 5.1 MAL
6.1 MA. 7.1 MA. 10.1 AM. 1.1 MA
0.2 . . . . . . . .
(2.66 Ga) 4 8 12 16 20
A0502 207pp /235
0.7
L] 4.IMA J e d
50 pm (2.62 Ga) i Al211
0.6
42MA  He00 \
1.1 MA (2952 Ma)
= 05}
L.IRC g
(2.95 Ga) = /
: 04
0.3 .
/ RS AR 2924412 Ma, MSWD=0.26
5 A S, TR S 1.1 MAS 42 MA
02 L 1 1 N
4 8 12 16 20
2()7Pb/235U
0.8
| f
20 pm A0533
! 15.1
(3.00 Ga)
0.6}
2800
2 /
5 04
&

0.2

ST 14 4F1%=2989+7 Ma
MSWD=0.59, 3 4l 5

0 4 8 12 16 20 24 28
207ph/235Y

a, b—2.95 Ga IE K £ i T B4, 6 42 111 dE (A0502; Dong et al., 2017a) ; ¢, d—2.92 Ga i b 7 Ak 40 kL IE K AE X 4, /NIE T8 (A1211; Dong et al.,
2017a);5 e, £—2.99 Ga K 6 i< A R, AR #2111 4R (A0533)

Ho %hRL-TKBHRFRERLE AL EWES AR KL E G U-Pb 3 [

Fig. 6 CL images and SHRIMP U-Pb concordia diagrams for zircons from the Mesoarchean granitoids in the Tiejiashan—-Gongchangling area
(a) and (b) 2.95 Ga syenogranitic gneiss, north of Tiejiashan (A0502; Dong et al., 2017a); (c¢) and (d) 2.92 Ga mylonitized fine-grained
syenogranite, west of Xiaolingzi (A1211; Dong et al., 2017a); (e) and (f) 2.99 Ga monzogranitic gneiss, east of Donganshan (A0533)
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Fig. 7 Geological map of eastern Hebei (Nutman et al., 2011), showing the locations of dated 2.6~3.0 Ga rock samples (Nutman et al., 2011;

Liou et al., 2019)
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Fig. 8 Field photographs of the Mesoarchean supracrustal rocks in the Caochang region, eastern Hebei (Liou et al., 2019)

(a) Supracrustal rock section; (b) and (c) Mafic gneisses interbedded with felsic gneisses; a coarse-grained leucosome dyke parallels to the mafic

gneisses in Fig.8b; (d) and (e) Leucocratic felsic gneisses
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Fig. 9 CL images and SHRIMP U-Pb concordia diagrams for the zircons from the late Mesoarchean— early Neoarchean rocks in eastern Hebei

(a) and (b) 2.91 Ga felsic gneiss, Caochang (LP103; Liou et al., 2019); (c) and (d) 2.92 Ga felsic gneiss (LP100; Liou et al., 2019), same location
as the sample LP103; (e) and (f) 2.94 Ga tonalitic gneiss, Caozhuang (J0602; Nutman et al., 2011); (g) and (h) 2.59 Ga trondhjemitic gneiss,

Liupizhuang (J1308)
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Fig. 10  Field photographs of the late Mesoarchean—early Neoarchean granitoids in eastern Hebei

(a) 2.94 Ga tonalitic gneiss, Caozhuang (J0602; Nutman et al., 2011); (b) 2.59 Ga trondhjemitic gneiss, Liupizhuang (J1308)
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Fig. 12 Field photographs of the early Neoarchean rocks in the Bayan Obe—Guyang area

(a) 2.70 Ga tonalitic gneiss (NM1322), containing a meta-ultra-mafic rock enclave, northeast of Guyang; (b) 2.68 Ga monzogranitic gneiss
(NM1325-2), east of Hejiao; (c) 2.60 Ga trondhjemitic gneis (NM1234), northeast of Guyang; (d) 2.63 Ga tonalitic gneiss (BY1331), southeast
of the Bayan—Obe area (Dong et al., 2021)
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Fig. 13 CL images and SHRIMP U-Pb concordia diagrams for the zircons from the early Neoarchean rocks in the Bayan Obe—Guyang area

(a) and (b) 2.70 Ga tonalitic gneiss (NM1322), containing a meta-ultra-mafic rock enclave, northeast of Guyang; (c) and (d) 2.68 Ga
monzogranitic gneiss (NM1325-2), east of Hejiao; (e) and (f) 2.60 Ga trondhjemitic gneiss (NM1234), northeast of Guyang; (g) and (h) 2.63 Ga
tonalitic gneiss (BY1331), southeast of the Bayan—Obe area (Dong et al., 2021)
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Fig. 17 Field photographs of the Archean rocks in the Laizhou area, eastern Shandong (Wan et al., 2019a)

(a) 2.88 Ga banded tonalite (JD1423), east of Xiafu; (b) 2.92 Ga dioritic gneiss (JD1424), same location as the sample JD1423; (c) 2.73 Ga
banded tonalite (JD1422), Zhangjiafu; (d) 2.70 Ga tonalitic gneiss (JD1427), containing meta-gabbro enclaves, south of Xiafu
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Fig. 18 CL images and SHRIMP U-Pb concordia diagrams for zircons from the Archean rocks in the Laizhou area, eastern Shandong (Wan et

al., 2019a)

(a) and (b) 2.88 Ga banded tonalite (JD1423), east of Xiafu; (c) and (d) 2.92 Ga dioritic gneiss (JD1424), same location as the sample JD1423;
(e) and (f) 2.73 Ga banded tonalite (JD1422), Zhangjiafu; (g) and (h) 2.70 Ga tonalitic gneiss (JD1427), south of Xiafu
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Fig. 19 Geological map of the Qixingtai area, western Shandong (Bai et al., 2020), showing the locations of the dated early Neoachean rock

samples (Ma et al., 2020)
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Fig. 20 Zircon age variation for the early Neoarchean magmatic rocks in west Shandong (Ma et al., 2020)

Black line and red dotted line represent magmatic and metamorphic ages, respectively
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Fig. 21 Field photographs of the early Neoarchean meta-ultramafic to intermediate rocks in the Qixingtai area, western Shandong (Ma et al.,
2020)

(a) 2.66 Ga meta-diorite (16L4D2-2), occurring as enclaves in ~2.6 Ga trondhjemitic gneiss, southwest of Guanying; (b) Meta-
gabbro—pyroxenite, intruding the amphibolite of the early Neoarchean Liuhang Group, and cut by pegmatite dyke near the boundary, east of
Guanying; (c) 2.68 Ga meta-gabbro (16L9D3-2), contacting with meta-pyroxenite, same location as Fig 21b; (d) Meta-gabbro, contacting with
meta-pyroxenite, ~2.6 Ga meta-gabbro sample 17L11D2-2 is taken near the outcrop, south of Dongyepo
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Fig. 22 CL images and SHRIMP U-Pb concordia diagrams for the zircons from the early Neoarchean meta-ultramafic to intermediate rocks in

the Qixingtai area, western Shandong (Ma et al., 2020)

(a) and (b) 2.66 Ga meta-diorite (16L4D2-2), southwest of Guanying; (c) and (d) 2.68 Ga meta-gabbro (16L9D3-2), east of Guanying; (¢) and (f)

~2.6 Ga meta-gabbro (17L11D2-2), south of Dongyepo
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2019)
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2019)

(a) and (b) 2.93 Ga granodioritic gneiss (14BB44-1), southeast of Fengyang; (c) and (d) 2.83 Ga granodioritic gneiss (14BB35-1), south of

Wauhe. Circles (50 pm and 35 pm) show the positions of Lu-Hf and U-Pb analytical sites, respectively, with *’Pb/**Pb ages and &) values

shown
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Fig. 26 Field photographs of the Mesoarchean rocks in the Lushan area (Liu et al., 2009a)
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(a) 2.84 Ga interlayered amphibolite (LS0417-1), northeast of Wawu; (b) 2.83 Ga gneissic tonalite (LS0417-2) cut by thin anatectic dykes, field

of view is 1.3 m wide, northeast of Wawu
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Fig.27 CL images and SHRIMP U-Pb concordia diagrams for the zircons from the Mesoarchean rocks in the Lushan area (Liu et al., 2009a)

(a) and (b) 2.84 Ga interlayered amphibolite (LS0417-1), northeast of Wawu; (c) and (d) 2.83 Ga gneissic tonalite (LS0417-2), northeast of

Wawu
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(a) Single-stage model age (depleted mantle model age); (b) two-stage model age (crustal model age)
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(2) 37 Kby AR 0 — b o A e 3 A 7 AR L
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O isotopic compositions of the magmatic zircons from the late Mesoarchean—early Neoarchean rocks in the North China Craton
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Fig. 38 Zircon age variation for the 2.6~2.7 Ga intrusive rocks in the North China Craton, except for west Shandong
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Fig. 39 Nb-Y and Ta—Yb diagrams from Pearce et al. (1984) for the late Mesoarchean—early Neoarchean granitoids in the North China Craton

syn-COLG—Syn-collision granites; VAG—Volcanic arc granites; WPG—With plate granites; ORG—Ocean ridge granites. The dashed line

represents the upper compositional boundary for ORG from anomalous ridge segments

b AR L AN, RUAT R M XA AE R B 2.9~
3.0 Ga 5t IR A6 B v o AR, iz X A2 4 oKk k3
2.70~2.75 Ga TTG i f1, B SR 1E 2.5 Ga R P 17
TEX — AW AR S 85 6 o 2.9~3.0 Ga RAHLBLFE R 46
B 5 T8 2% B0 1 5 25 DY PG SR A 2 B IR e
i 72 BUASE EU B AE T B 2 02K F 225 & 1L X A7 7
M 2.65 Ga F| 2.85 Ga K 01 5 AR ], I A7 7E 2.9~
3.1 Ga MBS 15 F 2.72~2.75 Ga, & VG 3 [X 1 E >
K ¥ A 55 (Dong et al., 2021), 1M I8 4 i X E A 8 K
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Zhai and Santosh, 2011; Yang et al., 2013; Wan et al.,
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1 —Goodwin, 1996; 2 —Hurley and Rand, 1969; 3 —Allégre and
Rousseau, 1984; 4 —Condie and Aster, 2010; 5 —Belousova et al.,
2010; 6 —Taylor and McLennan, 1985; 7 —Dhuime et al., 2012;
8—Armstrong, 1981
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