FasE H1 " OA T W % &K Vol. 45, No. 1: 46~70
2026 4F 1 H ACTA PETROLOGICA ET MINERALOGICA Jan. , 2026

Doi; 10.20086/j. cnki. yskw. 2026. 5085

AL F LB mEAEYT A KRR S

wxGHE k&L 2 EA
(1. A6 SEmSPEOCHE F= PR IR FE R S0 %, WALHBBT R, AR 0500315 2. H E b B R} 2 B b BT 5% T,
Jb5T 100037)

W OE. - -E At hnE R B AR — A oo R A B2 T b ol B Y e 4 BT
U H A B A R oo i fCa 867K, B R irSE i at A 55 s AL AR P B SRR IE I RAR LI =, A
ORI —1T - 5 1 LUy e S e AL b X R BE A BB 0 IRIEAT T R 40 1 A A 2% R by B8 ik R 2 s
SEAEEAE T TIASE . AR R M B A B S0 A A RN AR EEA R RS A S AR KER A
IR B 0 58 RO, A B 2 B ROoRBORDIR 2 S M FE A S A R, o SRk A BB 5 51 R 68 Cyppy =
-13.42 %o~=10.17 %o.—-21.00 %o~ —17.28 %of1—-12.99 %o~ —12.65 %o, HBBRILZFAIFAEFRI, &4 B A A 3
SRR KR B GE R A M UUE B T sh KB h & =9, A8 2RI EsRENST SaalT
150 A DR ZE BB 2 AH I 8 AR FH (693 ~796°C ) o AFFEIA KBS BE A 880 MWl 228k B A AL, TR 2245 /D i ) TE AL
ik, 78 DL A 3 AR o At R v A B ( CH) AR 2 S 80 Bk R R AE R S I — AN EZ RN, HeAh, &0 BB
VY R TR AE v IR e A 253l 5T AR R CaMg (€O, ) ,+5i0, = CaMgSi, 0,+2 CO, B ICHLER IR , o 2 35 1
HoASMmFEN RAREMKNE, &A2B0A g IE A 1Y U-Pb 8 4F 45 1 2 B 8 85 A R IR Ja [ 7E 3. 617 ~
2.054 Ga, EFLENPTE 2. 46 Ga, B TEEATIARIE N 1. 82 Ga, 454 BTG RR B S A0 AR I B0, AT R S 3
BRI E N 2. 1~1.9 Ga, Z8 BT 1. 82 Ga, IAHTE 2. 1~ 1.9 Ga, A KAk (A LA L Fifi il 0% JS B sk
DURRAE I A3 ) K A5, 76 5 0100 K — i Rl 43 365 1L ok AR h oA B & S8 b i R A A8 i 28 R i — 250
RIC AT T IR,

KR A5 AR oTh AR RFEIAER

FE 5K S: P619.25"2 XERERIRAD: A XEHS: 1000-6524(2026)01-0046-25

Geochronology and genesis of the Nanshu graphite deposit in the
Jingshan Group, Jiaobei terrane
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(1. Hebei Key Laboratory of Strategic Critical Resources, Hebei GEO University, Shijiazhuang 050031, China;
2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The Jiao-Liao-Ji Belt is the most representative Paleoproterozoic orogenic belt in the North China Craton.
It not only hosts massive Paleoproterozoic continental crustal sediments but also contains abundant Paleoproterozoic
graphite deposits, making it an ideal natural laboratory for investigating the genesis of Early Precambrian graphite

and early Earth’s climatic conditions. We conducted detailed petrographic, geochemical, Raman spectroscopic, carbon
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isotopic, and zircon geochronological studies on the Nanshu graphite deposit in the Jiaobei area, southern Jiao-
Liao-Ji Orogenic Belt. The results show that the ore-bearing rocks in the Nanshu deposit are primarily graphite-
bearing diopside quartz gneiss, graphite-bearing garnet felsic gneiss, and graphite-bearing two-pyroxene granulite.
Their carbon isotopic compositions (8" Cpps) range from —13. 42%o to —10. 17%o, —21.00%o¢ to —17.28%o, and
=12.99%o0 to —12. 65%o, respectively. Graphite occurs as flaky or granular crystals uniformly distributed within
these rocks. Geochemical characteristics indicate that the protoliths of the graphite-bearing rocks are mainly sand-
stone and shale that did not undergo long-distance transportation, and are products of an active continental margin.
Raman carbon thermometry yields peak metamorphic temperatures of 693 ~796°C, corresponding to the high-am-
phibolite to granulite facies. We propose that the carbon source of the Nanshu graphite deposit was primarily organic
matter mixed with minor inorganic carbon. Decarbonation (CH,) during burial metamorphosis contributed signifi-
cantly to the positive shift in graphite carbon isotopes. Additionally, in the protolith of diopside-quartz gneiss, inor-
ganic carbon released through the metamorphic reaction CaMg(CO,),+Si0, =CaMgSi,0,+2 CO,, also contributed
to the enrichment of heavy carbon isotopes. Zircon U-Pb dating of graphite-bearing diopside quartz gneiss yielded
detrital zircon ages ranging from 3. 617 to 2. 054 Ga, with a dominant peak at 2. 46 Ga, and metamorphic zircon
ages of 1.82 Ga. Integrating previous data from the Jingshan Group, we constrain the depositional age of the depos-
it to 2. 1~1.9 Ga and the metamorphic-mineralization age to 1. 82 Ga. We conclude that during 2. 1 ~1.9 Ga,
substantial organic matter was rapidly deposited together with terrigenous clastics in a back-arc basin along an active
continental margin. This organic material was subsequently transformed into graphite and concentrated into econom-
ic deposits during graphitization associated with the arc-continent collision orogeny.

Key words: Jiao-Liao-Ji orogenic belt; metamorphic evolution; Paleoproterozoic; graphite deposit; carbon isotope
Fund support: National Natural Science Foundation of China (42372076, 42002060); Chinese Academy of Geo-
logical Sciences Basal Research Fund (JKYQN202318); The Project of China Geological Survey (DD20221817,
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Fig. 1 Geological sketch map of the Nanshu graphite deposit

HBE B S O A SR S A A TR AR L SRV RS
B Il P REAA 2 X S A b BE R AR
TSN —E S A BNEVRUA R, AL A BB
K mpiR A A B A S TENARE-KAA
YA E, BANE - EERETRE, AL
AR EMARMB RS AR SR EERE
(IR MR 725, 1991; XIFEALE, 2015)

A SCHIFGE A B80T R TR0 LU %) e B2 4 AR
W, S SR 1 R BA A RAVE & 8 TR
A B R TR RS TN A B0 A 8RR
(F2a.2d 2g) . & B HERRRLS (A BEE 5%~
9%) EE M AP FEEA EEA BHA ERHS
AR, R A E w R AR 8ok A
AR, SERRLIR A S S5 48 (8] 2b 2¢) o & A B AR

PR R (AR 0. 2% ~2%) EE A9 Rl
KA Bt AatMaradm, bisasaH
AR R | PR BRI TR AR A 1 24 B
B B SRR AT SR 22 ] A7 28 D)
PRFGEA RN B, A BSR4 (FE 2e,
2f), SAEEEARF KA (AETE0.2% ~
2%) , EEHAR(EFE>80%) B4 FHA
FHOA L, A B2 TE A R % ok | Z&a Ik, 43 ke
AR (B 2h 2i)

2 KMk

2.1 £5FE METESN
G B R IT R AT I TR SR S 23 A A



50 " A

Sy
B 200 pm
Y~ 1

K12 BSLf S TARAS (a d . g) AURGEE T A (b e h M HDE, o fi IESSHE)
Fig. 2 Representative photos of the hand specimen (a, d, g) and photomicrographs of the Nanshu graphite deposit (b, e, h are

plane-polarized light; ¢, f, i are cross-polarized light)
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abbrevitions after Whitney and Evans (2010) : Gr—graphite; Pl—plagioclase; Qtz—quartz; Di—diopside; Hy—hypersthene
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Wang Renmin et «l. , 1987) and Th/Sc—Zr/Sc (¢, adaped from McLennan et al. , 1993) classification diagrams

of the Nanshu graphite deposits
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J& (Tuinstra and Koenig, 1970; Nemanich and Solin,
1979; Beyssac et al. , 2002)
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Fig. 4 Primitive mantle-normalized trace element diagram (a) and chondrite-normalized REE patterns (b) for the Nanshu

graphite deposits ( normalization

values after Sun and McDonough, 1989)

724 751 H Rudnick and Gao, 2003; PAAS— K5 5 R FI WS-8 1 %4 (51 H SCiik Taylor and Mclennan, 1985) ; E-MORB— & 4£ 1 i
LA N-MORB—IEH F P A L&
The data of upper continental crust are from Rudnick and Gao, 2003; PAAS—post-Archean Australian average shales (from Taylor and McLennan,
1985) ; E-MORB—enriched mid-ocean ridge basalt; N-MORB—normal mid-ocean ridge basalt
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Fig. 5 Raman spectra of graphite in different graphite-bearing rock samples from the Nanshu graphite deposit
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(0.15~3.18) , #8/n HH A B H ( Rubatto, 2017)
BoRL WA AR EARR 1T R LA e s L A 4
JLE (HREE) & % % # 70K (LREE) 7 it B IE
Ce S AT Eu S RHE (K 7e) , FF B &R0 1Y
BT 1 R AL 27 R1F ( Hoskin and Black, 2000) . 5 4F
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Fig. 6 Representative cathodoluminescence ( CL) images of zircons of the graphite-bearing diopside quartz gneiss
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A BB YL R TS AT Ph/ 2 U= Ph/ 2 U IS I (a~ d) BRI AR ARG R BC /MR (e~ )
*%Ph/**U-""Pb/** U concordia diagrams (a~d) and chondrite-normalized REE patterns (e~f) of the graphite-bearing

diopside quartz gneiss
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760.02°C, #3) ., JH3 305 (2003) FIH AR T4 -
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T3 4738 IR U TR R S 720 ~ 770°C, 25 L H 45 (2018)
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AT IR LR 5 3825 20 D7 A e 300 720 iR 3 R
693 ~796%C .
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ol M R A ) | 38 3 3 5N (il PR R 8 348 D i
BRI ) B Bl L A (TR R A i TR S L 4ok
H s B8 47 & ) T ULTE T A 5 (Luque et al.
1998, 2009; AHVTAE, 2024) , FaERRFENI R Em
ER A B8 TR R A 877 ( Luque et al. , 2012;
Yang et al. , 2014; Zhong et al. , 2019; R#EVLEE,
2024) . HFRREN RI-EIER B YL & 4
BRI AL (7)), BRFR R W B 4 T A Y A 47
("C) (Crespo et al. , 2004; Luque et al. , 2012), &
PUIBIBR RIS ZR A (8" C s ) TE=40%0~ ~17%0Z [F] -
Y8 K - 28%0 ~ — 26%0 ( Schidlowski, 1987, 2001;
Hoefs, 2009) , S5UCAXT , TCAURFRER Y 8" Cppy (ELIE
WAE = 2%0 ~ +4%0 2 [0) ( Sharp, 2007 ), i i 18 A5 1Y
8" Cypps THZIH=T%0( Weis et al. , 1981) , HIt, KA
R IFIRRR ) A SRR RN R AE A AR AR (K 8)

T ERAT) g

T

U
(ATHLTE S

B LI B
(")

|

it 3k 2 ok

[ b

CO,
(BHE70)

| FR B A C I B

HCHY A

b B A

N

CH,+CO, = 2C+2H,0
DUE TR AT o IR I o 25 1 A

& 8 AN[fRIEIE BB AS [l A o7 2B 1) A3 B2 22 B (M Crespo et al. , 2004 15140)
Fig. 8 Schematic diagram depicting the carbon isotope ratio in graphite derived from different carbon sources (modified after

Crespo et al. , 2004)
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Fig. 9 Carbon isotope composition of graphites from the graphite deposit of the Nanshu graphite deposit and other regions
(modified after Zhu et al. , 2021)
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1992, 1993a, 1993b; Radhika et al. , 1995; Radhika and Santosh, 1996) ; JZ[E Borrowdala( Barrenechea et al. , 2009 ; Luque et al. , 2009; Orte-
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£ [ Black Hills #11X ( Nabelek et al. , 2003; Huff and Nabelek, 2007)

Data sources: North China Craton ( Chen Yanjing et al. , 2000; Yang et al. , 2014; Zhu et al. , 2021) ; Kerala Khondalite Belt, Southern India
(Santosh and Wada, 1992, 1993a, 1993b; Radhika et al. , 1995; Radhika and Santosh, 1996) ; Borrowdala (UK) ( Barrenechea et al. , 2009;
Luque et al. , 2009; Ortega et al. , 2010) ; Huelma ( Spain) ( Barrenechea et al. , 1997) ; New Hampshire ( USA) ( Rumble III and Hoering,

1986; Rumble III et al. ,

Th/Sc~Zr/Sc g Al LA AR 729 DR 9 9 4 1
5% (McLennan et al. , 1993; Asiedu et al. , 2000) ,
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AT AR Thy Sc (EAEL R 1Y Zr/Se B, 87 TR DG

1986) ; Black Hills ( USA) ( Nabelek et al. , 2003 ; Huff and Nabelek, 2007)
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Se {H LS WA J 28 P s B0 e B e TR YA I 5 30
Th 545, BRI Y Zr/Se (HR VA BUHAL S Zr 19
WY E A A B e % (Taylor and Mclennan, 1985;
McLennan et al. , 1993; Fedo et al. , 1995; Asiedu
et al. , 2000) . FgELA7 S0 FE ALY Th/Se M Zr/Se
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