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graphite deposit formation and Earth surface environment evolution: A case from the Mesoproterozoic strata in the North
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P H SR 5, 2016, B FY 45, 2018a B B0
Fig 1 The distribution of Precambrian graphite deposits in the North China Craton (the tectonic setting is from Wang Hongyu

et al. ,2024; the distribution of graphite metallogenic belts is modified from Xiao Keyan et al. ,2016; Yan Lingya et al. ,2018a)
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Table 1 Geological and geochemical characteristics of the typical Mesoproterozoic graphite deposits in the North China Craton
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Fig 2 Carbon isotope composition of typical graphite deposits in the North China Craton and

other plates (modified from Shen Weibing et al. ,2025)
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R 24 LGP R N YA 3 A, Ak AR se bl
2 REH AR RN E A TS FLREE -1 = SRR
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A5 A6 R A 2 v BT R 4L Barney Creek 41
HYC Al % L & TR K Bl A K R4 =
JRNAE JiT 0L A R By 0 2H Ak BT U T A S OR R
Roper Ff &£ 504 198 B AAH I 2 B ool AR
SE R SO B N BT )z 40 A 1 & A FLIK DT
BUAR (B CH 45,2019, ARdb e hil 2R RITWY
B4 v o B i T 2, 2R AR R A AR,
WMASE KRS EA £ LTI A S B
FERUEL K A S5 4 (1,38 D,
222 EMBEALEHRRES

Ho IR R A= A AT B B 3 3 8 Ga HiT (Washington,
2000) . Hoe il A Sy b R AR i e Ak 1Y) EEEE B B L A
YAk S B B P I —— R A A
75 WG R [F B A A R SR kA . PO AR
HAZAEY DAL K IR & T R4 (4 156
Ga) 1 s I 5 i 2 AR AT A FFAE (Zhu Shixing et al.
2016) , i 4t TR F1 W5 4 AT 1Y 4% e X K S R IR 2 Mk
WL BE 2 1) 24k 2L [R] A4 B 1 3K — B B B AR D R AE . AR
P a2 A A0 5 B R L € Hunting -7 T 8y

h

o
Ik &

7

A b e bl v e AR SR AT 5 A SR 0 A P (RS 7 b R AT U A R 855, 2017 ; Deng Yan et al. 2021 B0

Fig 3 The graphite deposits in the Mesoproterozoic rift basins of the North China Craton (the rift basin distribution is
modified from Guan Shuwei et al. ,2017; Deng Yan et al. ,2021)
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Fig 4 Typical carbonaceous black shales in the Mesoproterozoic rift basin in China and their recorded biological evolution and

oxygenation events (a is modified from Zhao Wenzhi et al.
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P38 5 — A B L A T B S KU
NG EE AT IESRE FEE: M T | oV = R S n W R R
JoT B AT SR R A% 5 ity el AR v R Ak 2 BT A R
Columbia # KR A . WAEIH A A Bl 8.8
PR W FLZE A F N TR AR T S T A AR (1 il
AR, 2016) . 5K b oo A T, T
T AHR L v 8 AL R A A S L R A X )
Aii 1 B SR BR A 5 72 SR R B A 25 S5 AU B 7 3 b
Pe5degh Bk E (B 5) i T N5 R 5 iE A B
W AE T FL XS i A 32 B (& D)
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Fig 5

The distribution of the Meso-Neoproterozoic metamorphic zone and magma in the North China Craton

(the distribution of metamorphic zone and magma is modified from Geng Yuansheng et al. ,2016,

2020; Zhang Shuanhong et al. ,2024)

232 EREHERBRTH

At v P 0E AT SE R 4 2 R BE 2 L PF A R
PARRASME 149 25 20 2 o0 R AE (BT 4= 45, 20200, b
0, R RN Ll ot AR R A A G R A 0 R IR s
WAL RTE A TR A AMRA S AR, 5&
PEBEFEIE AL <A B B CE B, 2011) . AHAERT & .
A b v b 38 ool A KR s L 4 A Y
AN Z LA R R0T (B 5, ot R
B WA K BT Y (Ot % .2020) D L 78 Ga,
L 70 Ga BAEFEAEAC T PE M & S5 M A K o),
B DA 22 R HLRE O A AR AT — L HL X R 1
e a R oA R L, 5 HE LI AGRS H &
(Anorthosite+ Gabbro+Rapakivi granite+ Syenite)
4 F (Hou Guiting et al. ,2008); @ 1 63 Ga.l 32
Ga KM 78 61T 445 10 55 205 B 10 3 T8 K KO
BURHEUBRIEEN KA KA KA IR
(Lu Songnian et al. ,2008);® 1 23 Ga S5#ilgH: A
KW 3 A LTS MGE AL R EF | AR I T S b
i o ARER L MK KRS A (Wang Wei et al.
2015), FHoo A ABW S EFHIFH . O 0 93

Ga ““jlﬁﬁjﬂﬁ;‘ﬁ%ﬁ TR VYR BRI 35 | R R 4 v 1 X
EHAG S, LR S IR M 4% B AR KA O R AE
(Zhang Shuanhong et al. ,2016) ;@ 849 ~830 Ma,
817~805 Ma K4 T % SVHb &M 53K iG 5,
IR e R LD R i o ARER (255, 2018)
R BN AEAE 23 00 BB b A8 A (AR A

2015) , 38 I DX 8 A0 o B A SR, 28 0 b 3G R A s
WAt AL O B AR A B8 P A A AR KL B8 AR
K. fdesehim hooh BHEE WA S 10 KR
JoT B N AR R 2R G B AT (GR D, KaivF oot
AU A LR TE T T AR 7 e A 8 X

AR EAE WA B A B R AR T TR S A 3R B A
PR AR AR R, A 58 0 02 8 1 KB R 5 A B8

WL AN SRV FR BT Sl s A S0 N
ST LR B oo A S Rl B A 55 9 (Shen
Weibing et al. ,2025), H—#r oo A4, A2t v fir i
Bl Z AT AL T AR S DO B R o SR A2 e
IR A foh AR AR R e SR O B R (81 5) . et
XN KRS IEA AT, L2 Q1D RIET IR i
ST H A E R KB I SRR AR,
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Fig 6 The exploration target distribution of the Mesoproterozoic graphite deposits in the North China Craton
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Abstract

Research on the metallogenic process of Mesoproterozoic graphite deposits in the North China Craton
is relatively limited, which has constrained breakthroughs in graphite exploration within the
Mesoproterozoic strata. Based on previous research, this study, from the perspective of Earth’s surface
environmental evolution, analyzes the metallogenic conditions of graphite deposits in the Mesoproterozoic
strata of the North China Craton, identifies the main controlling factors of graphite mineralization, and
discusses target areas for graphite deposits. The results indicate; O During the Mesoproterozoic, the
North China Craton experienced continuous extension and rifting, forming the Helan-Xiong’er, Yanliao,
and Zhaertai-baiyunebo rift systems, which provided extensive depositional space for carbon-rich protoliths
of graphite deposits. @ The Mesoproterozoic atmosphere oxygenation event was accompanied by
innovations in marine species and a surge in biological productivity, supplying the substantial material for
the burial of organic carbon and the formation of carbon-rich protoliths in the North China Craton. @
Regional dynamic thermal flow in the Meso-Neoproterozoic rift zones generated regional metamorphism,
providing sufficient temperature and pressure to activate carbonaceous material in the protoliths, forming
graphite crystals. Through multiple stages of magmatic thermal contact metamorphism, graphite crystal
nuclei gradually enlarged, and their quality continuously improved, developing into large-scale deposits.
Comprehensive research suggests that favorable metallogenic zones are formed where Mesoproterozoic
organic-rich protolith deposition areas overlap with high-temperature and high-pressure metamorphism
belts in the North China Craton. Within these zones, magmatic thermal contact metamorphism belts

represent promising exploration targets for high-quality crystalline graphite deposits.

Key words: graphite deposit; Mesoproterozoic; carbon enrichment; metamorphism; North China
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