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Abstract: Crystalline graphite is an emerging strategic mineral. In recent years, several large- and medium-sized
crystalline graphite deposits have been found in northern Hebei Province, with great mineralization potentiality in
this area. The main ore-bearing horizons are Neoarchean Upper Chonglishang Group and Paleoproterozoic
Hongqiyingzi Group. Through systematic field geological survey, sampling, analysis and testing, the petrography
and geochemical characteristics of the ore-bearing horizon were studied in detail, and the carbon source was
analyzed. The results showed that the main host rocks were graphite-bearing biotite plagioclase granulite,
graphite-bearing biotite plagioclase gneiss, and graphite-bearing biotite plagioclase diopsides. The proto-rocks
restoration are mainly argillaceous clastic and calcareous sedimentary rocks. The contents of main elements in
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graphite bearing strata vary greatly, with SiO2 content of 38.90%~80.42%, CaO+MgO of 2.05%~31.93%, and
Al203 of 1.50%~15.34%. The content of rare earth elements is 79.1~321.4 pg/g. PAAS standardized distribution

pattern generally has the characteristics of right leaning or relatively flat distribution. Some samples have slightly

0Ce negative anomaly and JEu anomaly. The characteristics of trace elements indicate that the sedimentary

environment is a coastal and shallow sea environment, with oxygen rich conditions in some areas, reduction

environment or hydrothermal addition in some areas. The carbon isotope value of graphite is —26.0%o t0 —20.7 %o,

which mainly comes from biogenic organic carbon. The carbon isotope value of marble ranges from —3.8%o t0 1.1%o,

mainly derived from inorganic carbon of carbonate origin. The crystalline graphite ore bed in the area is controlled by

stratum, lithology and lithofacies. The favorable ore bearing horizon is sandy argillaceous clastic rock and

calcareous sedimentary rock rich in organic matter in the coastal shallow sea facies of the ancient continental margin.

The deposit is a sedimentary metamorphic deposit.

Key words: northern margin of North China Plate; graphite ore; geochemistry; trace element; isotope of carbon
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Table 1 Main graphite-bearing strata and oredeposits in Neoarchean—Paleoproterozoic in northern Hebei Province
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Fig. 1 Distribution of graphite-bearing strata and sample location in the study area
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A-Aijiagou Formation graphitic outcrop, Aijiagou village of Chicheng County; B—graphite-bearing strata of Taipingzhuang
Formation revealed borehole, Haiziwa village of Zhangbei County, HZK2 hole 138.25-144.50 m; C—pyrite-bearing graphite biotite
plagioclase gneiss (ZB-2), Taipingzhuang Formation, Jiangwanku village of Zhangbei County; D—pyrite-bearing graphite biotite
plagioclase diopside (CC-2), Aijiagou Formation, Que’ergou village of Chicheng County.

Qtz-quartz; Pl-plagioclase; Bt-biotite; Di—diopside; Chl-chlorite; Grt—-graphite.
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Fig. 2 Field and microscopic characteristics of main graphitic rocks in northern Hebei Province
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Fig. 3 PAAS standardization diagram of rare earth
elements in main graphitic ore beds in
northern Hebei Province

al. fm. c. alk. si & Rt 5IENE 2.

The meanings and calculation methods of al, fm, c, alk, and si
are shown in Table 2.
4 SkEIMEERAEY BEE A (al+fm)-(c+alk)
%t si B9 E R (K EHE Symoner, 1953)

Fig. 4 Diagram of (al+fm)-(c+alk) to si of main

graphite-bearing ore-bed rocks in northern Hebei Province
(basemap from Symoner, 1953)
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®3 WABIABEESABTEEABLTRESERHg ng/lg; HE ng/e)

Table 3 Contents of rare earth elements in main graphitic ore beds in northern Hebei Province (Hg, ng/g; others pg/g)
5 HZK1-272 HZK1-265 HZK2-240 HZW-1 ZB-2 FS-1-1 FS-2-1 CC-1-1 CC-1-2 CC-2-1 CC-3 CC-4 CC-5-1 CC-5-2
La 66.85 35.70 52.54 13.95 9480 27.14 34.63 26.04 2377 2598 31.84 38.63 3485 2557
Ce 122.46 60.97 92.50 29.25 1724 58.69 58.87 48.23 4198 53.33 61.03 67.60 64.93 48.38
Pr 15.00 6.99 11.10 386 2116 714 711 601 531 685 730 837 867 6.16
Nd 54.38 24.39 37.52 13.82 75.64 27.45 2522 20.93 17.38 2366 26.34 30.00 3214 2249
Sm 8.87 4.29 5.28 239 1229 526 397 345 281 414 486 546 6.07 4.38
Eu 1.63 1.35 1.48 073 206 071 08 055 079 121 085 092 121 1.02
Gd 7.48 4.79 471 208 974 437 327 256 215 311 437 520 532 392
Tb 1.06 0.87 0.63 0.28 1.17 0.68 0.39 0.32 0.26 0.42 0.71 0.85 0.85 0.63
Dy 6.03 5.68 3.28 148 491 38 185 140 121 215 424 526 490 3.85
Y 29.07 33.02 15.72 9.01 1746 18.01 7.73 563 523 844 2243 3368 2883 2155
Ho 1.12 1.18 0.60 0.28 074 0.72 0.31 0.23 0.21 0.39 0.83 1.06 0.96 0.76
Er 3.17 3.43 1.66 082 180 196 083 067 060 113 240 306 274 213
™ 0.50 0.55 0.24 0.13 021 032 0.12 0.10 0.09 0.18 0.39 0.48 0.43 0.34
Yb 3.24 3.68 1.63 0.86 135 2.05 0.85 0.73 0.66 1.25 2.55 3.18 2.79 2.19
Lu 0.50 0.57 0.25 0.14 020 0.29 0.14 0.13 0.12 0.20 0.40 0.50 0.42 0.34

SREE+Y 321.4 187.4 229.1 79.1 4159 1586 1461 117.0 102.6 1324 1705 2042 1951 1437
oCen.p 0.89 0.89 0.88 0.92 0.89 0.97 0.86 0.89 0.86 0.92 0.92 0.87 0.86 0.89
OEun-p 0.94 1.39 1.40 154 089 0.70 1.08 0.86 1.52 1.59 0.87 0.81 1.00 1.15
La/Ybn.c 13.96 6.55 21.76 10.91 4750 895 27.43 2416 2428 1410 845 822 843 7.90
LREE/HREE  11.65 6.44 15.41 10.54 1880 8.87 1682 17.11 17.33 1304 832 771 803 763
Ni 52.59 51.99 52.26 36.21 55.38 33.84 19.52 1339 27.30 56.56 36.97 40.49 26.07 29.08
Zn 76.59 88.13 185.08 2185 65.63 57.43 4205 2258 15.17 47.80 73.89 97.17 68.95 67.90
Nb 12.81 9.35 19.56 1.30 13.88 425 744 13.74 1611 1584 1468 1369 1259 8.36
Mo 3.21 0.84 0.99 3.54 1.06 3.46 10.81 5.75 3.53 19.63 2.53 2.02 1.02 1.09
Pb 23.76 18.39 16.07 214 1320 17.15 1443 7.76 17.99 23.65 1459 1445 16.88 23.59
Th 15.89 7.85 7.30 211 18.01 442 10.88 1354 1423 1555 16.19 2090 1592  7.77
u 1.08 0.63 1.67 1.02 162 106 392 363 419 368 156 742 507 3.29

Ba 664.8 617.5 7724 13235 9169 2153 617.8 3344 5346 8528 4289 338.0 5084 5498
Hg 23.43 18.65 2522 24180 6.11 491 252 372 432 790 1328 1029 252 133
Rb 73.94 60.97 98.00 496 61.18 48.43 8582 12827 155.61 169.95 139.34 77.82 103.65 115.98

Sr 230.9 221.8 226.0  107.0 213.6 339 1440 1277 111.3 101.6 1029 1755 1519 1205

zr 248.3 299.6 171.4 37.8 2077 626 1436 1437 1519 150.1 166.5 151.5 137.3 130.0
Cs 1.10 0.84 0.85 056 1.41 085 315 165 1.86 221 338 454 228 225
Hf 6.92 8.15 4.93 1.08 6.09 187 414 424 433 441 490 425 385 337
Ta 0.68 0.53 0.79 0.20 048 0.22 0.54 1.29 1.29 1.20 1.02 1.38 1.19 0.53
100xMn/Fe 1.54 1.67 1.22 368 1.06 192 038 206 140 063 119 158 147 164
100xSt/Ca 1.93 1.75 0.78 006 248 023 141 199 036 152 020 021 019 0.13
Rb/Sr 0.32 0.27 0.43 0.05 0.29 1.43 0.60 1.00 1.40 1.67 1.35 0.44 0.68 0.96
Sr/Ba 0.35 0.36 0.29 0.08 0.23 0.16 0.23 0.38 0.21 0.12 0.24 0.52 0.30 0.22
Th/U 14.70 12.52 4.38 206 11.10 418 278 373 339 422 1036 282 314 236
Zr/Y 8.54 9.07 10.91 419 1190 348 1858 2550 29.06 17.79 742 450 476  6.03
Nb/Ta 18.95 17.74 24.75 6.62 28.74 1891 13.87 10.62 12.49 13.24 1440 991 1061 15.69

¥ 0Cen =2xCen/(Lan+Pry); SEun =2XEun/(Smn+Gdy); N Rl ; 6Cenp. JEUnp TR FIJG Aty A TUE (PAAS) R ELL;
La/Ybn.c fORERFL LA bRE
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Table 4 Sampling locations and values of 6'*C and 60 of grapite-bearing ore beds and marble samples
in northern Hebei Province

FEf S R |l A 513Cy.pps/%o 58 0v_smow/%o
HZK2-240 kAt T KBRS -3.8 8.0
ZB-1 kA s peiiba 0.2 20.4
ZB-3 kAR b KELA 2.2 8.1
FS-1-2 E S EAR TN KA 0.6 16.4
FS-2-2 FETEE KB 1.1 20.7
CC-5-3 IR LT KELA -0.2 10.9
HZW-1 s Vag: ¥l -225
ZB-2 kv T R Vag- -yl -20.7
cc-1-1 IR ILT HBY A -26.0
CC-5-1 ARIE LA HBY A -21.1
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DX A s 2 0 A1 TR R AR —t el AR
R A I — oty oot A 0 b 3k 3R 2 PR B e A
(I EA R E A, RESEN), RIZUTEIRLD
JCR T R WE S . WK IV PAAS
FrfEfl HAG LR FRAE (Farquhar et al., 2014): K44k
Fz A, B R AR—t oot AR, s
£k P31, oCe g HLE 4, OEuIE 9 & Y IERH .
KEMFMZ G, RIZKEZ AL, A0S
2 TR 2K g 2o A B X G R TR T
{43 417), 6Ce 1 54, 6Eu IE % K Y IER%: W2
T 7K B FOURR R AE ) 5 R S A i R A — B

MUY L RL s th4 ok B, PAAS FrifEfb)s
(1) 22 H0FE i LA A 53 A . oCe B 5% A OEU 1 IE
SEH, 2 B TE IR B T A 1) T U PR
B R R AR, TS W TR ek
Bl o Wb g 1w KR LB, KA
Je, WARAE AT, A e it U bl X 2 43R 1 = 1 Bl
JEEF B, 58 TR T s LAy th e i f
A AT RRAE o Eu 7ETG KR, SRS T Bus S it
TR E LT Y miisE, ©REFZNT 5 T
Eu?t, JF 5 HAWE 748G, AT [E]H 8 Tk
SRS NN = = O G 5 = o - G R
Y BIRA RIS, F50 R OEu (HHA 1 5% 5%
TC5HH o 15 OBu fEIE SR EHER N (1)IR sk
POKRIEYI FTINA; (2)55 A A BRI PR 55 B 5L 7K
EUE L, W LOCR AR IERE, KN HAFTE
KA JF A BB . XF T Ce JuE kUL, Ak
VE TS Ce fEAKMR T 5 L Ce* f41E, Ce* 5 T 5%
SRR Y s A T K LBk, TE R 9Ce Y i
S

kAL X, PAAS FrRifEALE B9HE 1o R —
B A BCRCE HAr ATRRE, B 6Eu Y IE S i
WA BE OGBS R (HZK1-272) 8l g HL 6 55 %
(ZB-2); 5Ce W& H01 S5 o AE AL T Ak )2 07 & A Rt v

B (>5%), LA 4T, oA AR JE A DL R
Vg A AE XA B S AR R SO A
(PIRAHEICE Ba, Hg ZS5EE).

FTRULNHLX, —HEA JEu WA 5% 8 C 7
W, oCe g HLAA 54, #i L0 KM PAAS frifEfb A
ARSI AR S, 2 W A B 2 2 Tl VR ST
HAHAGNE T AE MEAWET I, hEk
WBE; Ul BT X 0] RB A7 T I V5 s Vs

VESEHL X, Fi G A PAAS Bk HA 5
WA, BA SR JEu BYIESFH, oCe M H
SR, Y BHIESH . etk B2 it s,
A3 A A X 5 i i A 04 3 )2 1 K LA 8 s AR ALPE,
RFRVOBUKARE B, AT 32 21 B B $OR VR F S
BRI, UL AR IR 5% R A7 76 BH 2 A ) TR A 1) 30 Vi
i B P 455

AR X, 0K 1 PAAS Fr Al 20 A 11 X
XA A%, — MR A B 7 38 43 A FR AR, £
16 OBu WIE R H . LR H R # = FIE, I
XA TC AR B T AL T - R T R R, b T
2 B AR Ak A D S T B R, b ST b R A 2E SRR 5
TG,
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P R G 2 B L A AT s e L T R B B
(H=F%, 2016), KMNAAMBICE T EIE 3,
Fe oAb A+3 HrmiviiE, Mn W5 5 L)
+2 M fEE Tk, BT, B, &g
Mn/Fe BT 2R A X4 o BFSE X 100xMn/Fe
fEHAF 0.38~3.68 ZI], & EAHXTHAL, K
B, Mn/Fe T S W (45 AE 5 7 100 R LA R
—

Th/U {8, U #E XA B b 53 8%, T Th i B4 D
Hbu, Th/U {E>7 AT DATA A B 50 8 5 st i Bl s XU Ak ok
B, XN Th/U B4 T 2.06~14.7 Z ], #B45
Th/U {E>7, Jz et &8 43 52 K Jifi 050 i 490 o 5 il e K
1) i % PR %
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Sr/Ba {H, 7E4ALIREEH Ba b T5 SO 4544
BCOTVE, 1 Sr WH 5 (B AE KK Sr/Ba fH<1, %
WK AR Ba B 5 #2352 S AR AR AT 03 o Sr/Ca fH 5
Sr/Ba {H 5 AT . X P Sr/Ba {i 0.08~0.61 2 [i], £
B /NF 1, BEBHX AR R g AE, KA F 1
AR R S e G I, iAol SOL i il
Ba S FUIIE M £, (1115 Sr/Ba fHEAK.

Rb 5F 0 WX R%EY, WU FS K
BARE Lo ny e, GRS, T Sr e
K ESE, XN Rb/Sr {H 0.05~1.67 ZIf], 7EA
MR A AR A, KR E S R E RV R
W,

54 RE #ERKRIR

XoF A7 S5 DR B JOT 1A 490 I ok VR ) AR IR —
H, —WUCHFEETHIRE . AHURE 2 Fhok i
(Craig, 1954; # /D4, 1995), fELEFR/MRA A .
A1 SR AR TR VR R : (O HLAR (013C {15 29 -25%0
Hoefs, 2009); @UTH A B 1) fik 12 £5 & TC ML (61°C
{H% 0%0; Hoefs, 2009), []ff7E M & f hif #2572
@AW BRI AR ) Ak (01°C HZ
—5%o; Hoefs, 2009) % fik J4= A ik 1Y) 52 1

e bR B AL H A S R I Y A B Rk
[F] o7 2R A 0 2 O e =X o0 A1, P 38 0k [) 6 3R 4 L 2
-18.8%o([¥l 5); i | ARRIA L RS R
AP ASET IR 0BC —BETHE-26% ~ —20%Z
[E], P35 24-22.1%0, W = T 1 25 M R B G A AL
Jit 6¥3C ¥ {E (-25%0), /I EEk | FAEE RV
L, TERCE A B e B s AR T BC, ik L
TRAT SR §13Cppp 2H N —26.0%0 ~ —20.7%o (A 5%),
V- 34-22.6%0(1 5), SR AR RS | R A SR AT
H A AR BB ORI T AR W R R AT MLk,
FE B S A8 T 3 2 v 4R T /e At B R Ak [R)
M.

b I e [ 1 S N =l I/ [ Y VAR < W51
—3.8%0~1.1%o, “F-34-0.72%0, ik T ik ik £h ‘& AL
T LA, TR T A Sy ol R = 8 Ay s e 2 OB
M TCHLK . IR B A R A 2 A BRI R A, 3
fH 14.1%0, W 532 )28 Fmt AR 52 mm,  [m] i
TR TR [ 57 28 AL B B o
5.5 HH L

A6 A J6 S 322 A 8 )2 6 AR AR A T
g% R A - A TN S A (g b 48 DX s b s 0 7 o A A
LI, 2017), AT &R B A SR P B IR R AR R (B
N EF A, 1989) . 38 1 XA IY X A SR AR A 2 R
FRE, AKX N TR IR e e A A
IR JE Ao, A )2 R T B2 AT kIR £k 5 T
TR

Bed ok J5: MLFI—TF BB, 1989; Yang et al., 2014; fHRA.
JhA . MR —T AL, 1989; (M = BRI —Z2 I HAE, 2009;
KREE—FZRBE, 2017, CEA ., B REE,
Hi—ZE 0, 2015; 5 KIA—ZRIEL4E, 1983;
gkl ARdR. RUb—AWF5E .

Data source: Xinghe-WANG, 1989; Yang et al., 2014; Shibaoqi,
Miaogou, Hadamengou-WANG, 1989; Bayan Obo—QIN et al., 2009;
Dawudian-JIANG et al., 2017; Qilicun, Henglu, Zhangjiapu,
Dutun-LIANG, 2015; Gongchangling-L1 et al., 1983;
Zhangbei, Chicheng, Fengshan-this study.

E5 yRRIBETELAET AR AEMEZ
Bk [5] oz 2% 4B AR 1E
Fig. 5 Carbon isotope composition of major graphite
deposits and graphite-bearing strata in the northern
North China Plate
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T RO Bl T ER VS LY 22 (BT, 2019), RS XAk
VEF I3 as, B IR el bl R & s AR R (i A=
WA REIIE R, I FECE LR RIS R, A
A1 SRR Y B AL T Wy B mty . Aedb i db Zer
THE AT MU, ARG EREE, R
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(2WFFE X 100xMn/Fe fH4"F 0.38~3.68, Th/U
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