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Abstract: Many large and medium crystalline graphite deposits have been found in Northwestern Hebei Province,
with good metallogenic geological conditions and prospecting potential of regional metamorphic graphite deposits.
Taipingzhuang Formation and Dongjingzi Formation of the Hongqiyingzi Group and Xiabaiyao Formation of the
Jining Group in the Paleoproterozoic are important metallogenic horizons in this area. This paper has carried out a
detailed petrographic and geochemical study of these ore-bearing strata, and discussed the metallogenetic mecha-

nism of graphite deposits. The research results show that the ore-bearing rock of the Hongqiyingzi Group is graphite
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garnet biotite plagiogneiss, and the original rock is mainly composed of mudstone, clay sandstone, sandstone and
carbonate rock, which are locally rich in organic matter, indicating that the maturity of the carboniferous rocks is
generally higher, and the clastic rocks have been deposited in the marine-continental interaction and shallow marine
facies under the warm humid and semi-dry climate. The ore-bearing rock of Xiabaiyao Formation of the Jining
Group is graphite garnet plagioclase granulite, and the proto-rock is mainly composed of mudstone, clay sandstone,
sandstone and quartz sandstone with higher maturity of littoral-shallow sea-inland lacustrine sedimentary facies, and
are locally rich in organic matter, and formed in the oxidation-weak oxidation sedimentary environment under the
semi-dry and dry climate, accompanied by hot water in the deposition process. The carbonaceous components of
graphite ore were all derived from the original organic carbon deposited in the original rock itself. The deposit was
controlled by horizon, lithofacies and lithology. Through regional metamorphism, organic carbon crystallized to form
graphite ore, which was exposed to the surface or near the surface under the control of faults.

Key words: Northwestern Hebei Province; graphite deposit; geochemical characteristics; protolith restoration;
C isotope; metallogenic mechanism
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Fig. 1

Geological structure diagram of the study area( modified after Regional Geological and Mineral Resources Survey

Institute of Hebei Province, 2017)
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1—Paleoproterozoic Dongjingzi Formation; 2—Paleoproterozoic Taipingzhuang Formation; 3—Paleoproterozoic Xiabaiyao Formation;

4—Neoarchean Aijiagou Formation; 5—Neoarchean Yousuobu Formation; 6—falut structure; 7—graphite deposit; 8—sample location
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Fig. 2 Surrounding rock and orebody characteristics of the Xiabaiyao Formation and Taipingzhuang Formation
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a—stratified and lenticular graphite ore body of Xiabaiyao Formation; b—stratified graphite ore body of Taipingzhuang Formation

c—macroscopic characteristics of surrounding rock of Xiabaiyao Formation; d—migmatization characteristics of surrounding rock of

Taipingzhuang Formation
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Fig. 3 Microscopic photos of graphite garnet biotite plagiogneiss in the Honggiyingzi Group(a,b) and graphite garnet biotite

monzogneiss in Xiabaiyao Formation(¢,d) under crossed nicols
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Q—quartz; Pl—plagioclase; Gri—garnet; Bt—biotite; C—graphite
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x1 AEEFERHSTAEEHETERAER (wy/ %) TR METE (w,/107°) FHER
Table 1 Major(w,/%)and trace(w,/10"°) element compositions of ore-bearing rocks of the Hongqiyingzi

Group and Xiabaiyao Formation

LU AR THZEAA
ETR= 1 2 3 4 5 6 7 8 9 10 11
5 YQ6 YQ7 YQS8 YQ9 YQ10 YQI1 YQI12 YQ13 YQ14 YQ15 YQ16

7 Wy BAaR BAf JIWE IBRE IxKE ENKR BENR ERFR BRE R

THEM SE;%E %E%E m*{%ﬁ% WEE% %E;%E THEBEA STABW @E%E ST o B
Fenis BRI BRI MBREM Baka Baka BEZR BEKs Lam” WEsZ pepcnn LKA
KIEH KAREH KRR R R KRR R KA KARRH T T g
Si0, 6.85 67.26 68. 11 59. 46 64.76 65.07 66. 69 70. 88 61.89 73.76 72.82
TiO, 0.06 0.73 0.72 0.35 0.35 0.79 0.91 0.55 1.13 0.77 0. 69
AL, 0, 1.82 14.00 13.45 14.87 13.19 14.82 18.03 14.92 18.07 14. 64 13.71
Fe, 0, 0.67 2.02 1.38 12. 14 9.48 1.31 0.55 0.51 7.80 2.12 0.50
FeO 0.12 3.22 4.28 0.48 0.62 4.62 4.02 2.68 0.12 0.42 2.18
MnO 0.03 0.07 0.11 0.01 0.03 0.10 0.04 0.02 0.02 0.02 0.02
MgO 0.56 2.07 2.53 0.83 1.00 2.5 1.53 1.24 0.39 0.21 0.97
Ca0 49.29 2.49 2.37 0.17 0.18 3.09 0.51 1.55 0.30 0.18 0.77
Na,0 0.10 1.58 1.53 0.09 0.10 2.08 1.15 2.70 0.20 0.24 1.68
K,0 0.13 1.61 2.34 3.16 3.41 2.45 5.33 3.25 3.87 3.17 5.36
P,0s 0.07 0.12 0.13 0.14 0.07 0.13 0.06 0.04 0.03 0.04 0.03
ek it 40.26 4.37 2.45 8.07 6.59 2.40 0.53 1.19 5.97 4.24 0.67
h 99.96 99. 54 99.40 99.78 99. 80 99.36 99. 34 99.52 99. 80 99. 82 99. 42
K,0+Na,0  0.23 3.19 3.87 3.25 3.51 4.53 6.48 5.95 4.07 3.41 7.04
K,0/Na,0 1.30 1.02 1.53 35. 11 34. 10 1.18 4.63 1.20 19.35 13.21 3.19
A/CNK 0.02 1.58 1.44 3.84 3.15 1.27 2.10 1.38 3.57 3.53 1.38
Cs 0. 66 8.16 6.14 1.72 1.21 6.68 0.67 0.45 1.42 0.53 1.18
Rb 6.21 60. 1 85. 1 98.2 117.0 90.0 145.0 77.0 105.0 82.4 150.0
Sr 73 174 180 199 140 244 188 311 73 98 298
Ba 103 314 430 524 593 415 1217 902 645 591 2 457
K 1083 13 416 19 499 26 332 28 416 20 416 44 415 27 082 32 249 26 416 44 665
Ga 3.5 16. 1 14.9 15.0 16.9 16.5 23.1 16.5 25.4 14.9 15.3
Nb 1.5 13.2 12.9 15.9 12.7 12.5 21.3 13.7 12.0 15.2 9.6
Ta 0.22 0.82 0.82 1.44 1.31 0.83 1.21 0.81 0.57 0.72 0.68
Zr 107 195 213 189 162 209 213 219 254 217 229
Hf 2.45 5.04 5.64 5.60 4.82 5.46 5.93 5.81 7.12 6. 14 5.99
Th 11.90 6.86 9.63 12.50 13.30 8.22 12.50 2.54 12.90 12.30 3.99
\% 58 107 105 208 146 110 99 68 165 69 64
Cr 15.9 83.8 70.6 72. 4 61.4 98.9 4.6 67.8 131.7 81.6 37.3
Co 5.91 13.40 13. 10 15.50 2.68 15. 40 11.20 5.56 34.40 6.87 5.63
Ni 27.6 35.0 32.2 71.3 9.0 40.7 21.7 43.0 103.0 20.4 11.4
Li 8.9 59.9 29.7 43.2 38.0 28.8 12.9 9.5 32.9 85.2 15. 4
Sc 2.7 18.5 15.5 13.4 9.0 20.5 7.2 13.7 12.4 11.2 8.5
U 1.18 0.85 1.01 5.12 2.69 1.08 1.04 0.83 1.58 1.57 0.59
Cu 15.1 32.5 31.2 141.0 87.6 37.2 11.9 22.2 113.0 21.5 6.1
Rb/K 5.73 4.48 4.36 3.73 4.12 4.41 3.26 2.84 3.26 3.12 3.36
Sr/Ba 0.71 0.55 0.42 0.38 0.24 0.59 0.15 0.34 0.11 0.17 0.12
U/Th 0.10 0.12 0.10 0.41 0.20 0.13 0.08 0.33 0.12 0.13 0.15
Sr/Cu 4.88 5.35 5.77 1.41 1.60 6.56 15.84 14.01 0.65 4.53 49.22
V/(V+Ni) 0.68 0.75 0.77 0.74 0.94 0.73 0.82 0.61 0.62 0.77 0.85
V/Cr 3.64 1.28 1.49 2.87 2.38 1.11 2.33 1.00 1.25 0.84 1.71
La 29.3 24.5 23.8 44.6 37.4 25.5 45.1 40.1 43.4 45.5 31.9
Ce 59.1 35.9 50. 1 78. 1 67.2 51.5 80.7 71.6 86.8 9.7 52.3

Pr 6.37 4.13 5.52 9.10 7.65 5.90 8.97 7.95 10. 10 9.06 5.31
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Continued Table 1

LIS T THZEAH
' 1 2 3 4 5 6 7 8 9 10 11
RS YQ6 YQ7 YQ8 YQ9 YQ10 YQ11 YQ12 YQ13 YQ14 YQI15 YQ16
74 HL wrE BA® BA®% HRE O ARE HRE O BENK 5MNK O BENKR O BRE R
N AR ﬁEE ﬁEE mﬂi{E TEE%EE QE%E La--%a %Eﬁé/ %EE SR Lar--10Y
EoyEa ﬁw;%‘a% MR BBRaR BakA RBaka BRI BEKRE a8 BEsS o LMK R
KA KARE KARE  HBRE  RARAE KARRE s KRAWRE KARE R
Nd 25.2 17.1 22.5 34.7 28.9 24.3 35.0 29.8 40.9 44.1 20.0
Sm 3.36 3.39 4.40 6.27 4.60 4.74 6.08 4.7 6.55 7.49 3.24
Eu 0.21 0.92 0.96 1.06 0.93 1.19 1.96 1.78 0.93 1.02 2.57
Gd 2.61 3.06 3.92 5.31 3.79 4.16 5.47 4.38 5.37 5.40 3.25
Th 0.23 0. 54 0.69 0.78 0. 44 0.72 0.82 0.70 0.69 0.63 0.54
Dy 0.74 3.48 4.45 4.45 2.07 4.49 4.28 4.34 3.49 3.41 3.25
Ho 0.11 0.67 0.88 0.84 0.34 0. 86 0.69 0.85 0.63 0.64 0.58
Er 0.37 2.32 2.58 2.52 1.18 2.85 2.08 2.86 1.77 2.06 1.69
Tm 0.06 0.35 0.43 0.42 0.15 0.42 0.29 0.45 0.27 0.31 0.27
Yb 0.27 2.15 2.65 2.58 0.85 2.63 1.70 2.77 1.54 1.85 1.62
Lu 0.05 0.35 0. 44 0.42 0.14 0.43 0.27 0.44 0.25 0.30 0.26
Y 4.7 25.2 32.5 31.3 13.1 32.8 24.9 32.4 22.1 22.9 22.6
Y REE 132.65 124.06  155.82  222.45  168.74  162.49 = 218.31  205.12  224.79  237.37  149.38
LREE/HREE  27.82 6.65 6.69 10. 04 16.37 6.83 11.40 9.29 13.47 13. 69 10. 06
5Ce 1.08 0.88 1.09 0.97 0.99 1.05 1.00 1.00 1.03 1.14 0.99
5Eu 0.19 0.78 0.63 0.50 0.61 0.73 0.93 1.07 0.43 0.43 2.16

. A/CNK=A1,0,/(Ca0+Na, 0+K,0) (EE/R ) 5 Rb/K HNSEFPRERY 1000 £%; X REE J# + 50 WA SR, LREE/HREE ,6Ce \8Eu i

BRI A BRI THEAE, BRI A B /AR Sun F1 McDonough (1989)
3.1.1 FEHOURFHE A-C-FM I (B 4e) H,2.3.6 5 FE S AT X 6

PO R RN (R 1), BR 1SR (YQ6)
BE R A R B TR A A, AR RE L Sio, & &
59.46% ~68. 11% ,F-HI{H 64. 93% ; A0, #f1 & HE
13.19% ~ 14. 87% ,“F-¥I{H N 14. 07% , W7 & 04
fE;A/CNK M 1. 27 ~ 3. 84, SF¥{H N 2. 25, K,0 +
Na,O 4 3.19% ~4. 53% ,*F-YJ{H 3. 67% , ¥ /R &
BRFRAE s K,0/Na, O fHEM K 1. 02~ 1. 53,K,0 Na,O
SIS, RIS T IR AL (YQ9,YQ10) 32 #f Ak ikt
A H K, 0/Na, O {EF Ik 35+, FEICRIHras
8 7R SR AT K 0 Bl AR B P BOIR A B T
T KBl 2R a8 i AH A DURRIABE (B VLIS, 2006) .

1S FE L (YQ6) FE i s AR IR E 5 AR SUAN
X FLHEA T IRA R B 1 FL A AR S R UL 4,
[ (al+fm) —(c+alk) ] -si Eff (K 4a) 1,2 3.6 5
FERMIEARZIRA X 4.5 SFEMAEARD A X 76 (Al
+Fe+Ti) —(Ca+Mg) KIfit 1 (& 4b) ,2 .3 .6 S A%
NG, 4.5 5 R A B 4 b B O A

FARRERR LR (A T ERTE JOls ) 5 T KR BE AR R
MREh A AW (A MR A ) s AR Mt 4 .5
SRR XA RERR £ 5 A 2 (SR ik
IR ) P, 1E (al—alk ) —c B (& 4d) F,1 SFE
mvEA T XAS R T ,6 SHEMTEA T Ao i
KaEH 3~5 SRERMIEA N X+ A e H a5 8
TFIICE IR G X al, IR B RIS5 R Bk | 20
BT AR RAERES BN TSR Asig+
TR TR 5K K, 8 0 32 o AR S ] W S5 K R AE
F PR 2R 1 R T 2 R B[ ALO,/ (Na, O +
K,0) IMI 2}y 3.27 ~4. 58 - ¥I{E Ny 3. 89, b LA
JiE[ Si0,/ (Na,0+K,0) ]SM #y 14.36~21. 08 , -2 {&
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Fig. 4 Restoration diagrams of metamorphic protolith of the Hongqiyingzi Group and Xiabaiyao Formation
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diagram of ore-bearing rocks in the Hongqiyingzi Group and
Xiabaiyao Formation ( after Sun and McDonough, 1989)
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Table 2 6°C values of the typical crystalline graphite deposits in study area
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