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Geochemical constrainis on the source of ore-forming materials of graphite
deposits in the northern part of Huangling basement dome
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Abstract: A few fresh graphite samples including a small amount of marble surrounding rock were taken from sev-
eral large scale crystalline graphite mining areas in the north of Huangling basement dome for ore petrographic and
geochemical analysis, and the source of ore-forming materials was discussed through corresponding analyses and di-
agrams. The graphite ore in this area occurs in a set of khondalite series of Huanglianghe Formation ( Pt,k), and
the main ore types are graphite schist and graphite gneiss. According to the analyses of major and trace elements
and carbon isotopes, the recovered ore protolith was a set of carbonaceous (sand) argillaceous sedimentary rocks,
and the graphite carbon almost came from organic matter rather than from inorganic carbon in marble. According to
the element composition and paleogeological evidence of the deposit, it is inferred that the source area of the Huan-
glianghe Formation was mainly Yemadong Formation ( Ar,y, tholeiitic), followed by Dongchonghe gneissic complex
(Ar,D, granitic), rather than the single “granitic rock as the source area” as previously thought. During the con-
version process from the supply source to the ore-forming parent rock, strong geochemical changes took place rather

than simple mechanical transfer of materials.
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Fig. 1 Simplified geological map of the core of Huangling
fault dome Cafter Ma Daquan et al. , 1997)
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Fig. 2 Ore characteristics of the Sanchaya mining area
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a—sample of graphite mica schist Core) in the Sanchaya mining area; b—transmission microscope photo of vertical schistosity section (=) ;

c—reflection microscope photograph of graphite ore, near parallel schistosity section; d—reflection microscope photo of graphite ore,

vertical schistosity section; Gra—graphite
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H60.24% ; ALO, 17 & 11.41% ~15.24% , 13
H14.02% « KN Fe,0,.K,0.MgO. Fe,0, 175
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H2.67T% ~4.48% , V-3 4 3.31% ; MgO 155 &4
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Table 1 Major components of graphite ore

FEE  SRREMLN W Sio, Al, 0, Fe, 0, Ca0 MgO K, 0 Na, O S LOI it
S =@ 7.39 65.11 11.76 4.86 1.19 1.98 2.70 1.19 1.73 2.30  100.41
s6 =@ 3.91 61.47  14.96 7.42 0.32 1.84 3.96 1.14 1.12 3.24 99.38
TJ-1 WM 17.85  46.51 14. 80 7.17 0.92 2.52 2.67 2.20 3.01 3.05  100.90
TI4 WKW 12.60  59.45 13.04 3.70 0.24 2.22 3.13 0.42 0.06 3.13 98.17
E2 THRE - 8.25 63.62  11.41 6.02 0.89 2.06 2.99 0.87 3.55 1.56  101.42
F-1 PN 1910 53.15 14.32 3.21 0.12 1.28 3.70 0.29 0.04 2.95 98.36
D-1 HRypyr - 6.02 61.23 14.64 7.15 0.15 1.76 3.06 1.04 0.04 3.68 98.97
Q-1 WAk 6.86 61.63  14.98 4.83 0.50 1.94 3.45 1.20 0.06 3.26 98.91
T-1 W 3.55 62.67  15.24 5.68 0.38 2.64 4.48 1.04 0.04 2.55 98.48
TIG-1  WZE  1.86 67.56  15.05 4.01 1.01 1.92 2.97 2.81 0.60 1.56 99.55

B ERITETREAIMEREGEREDT(EK (y=-0.6102) K Fitl LK R; CaO — Na,0(y =

2), BAWEMRKKROHKRE y BE) MITHERN
e [l 52 % - Si0, (y = - 0. 868 8). CaO — K,0

0.641 6).Ca0 — S(y =0.673 6) N IEMH KKK,

xR2 WAIHSEXREER
Table 2 Correlation coefficient matrix of ore major components
S B Si0, AL, 0, Fe, 0, Ca0 MgO K,0 Na, O S

[i] 52 Bk -0.868 8 -0.140 5 -0.2216 -0.157 3 -0.1510 -0.256 2 -0.313 1 0.198 8

Si0, -0.2322 —-0.166 6 0.2157 -0.077 5 0.099 9 0.079 7 -0.208 6
Al, Oy 0.170 3 -0.418 8 0.0412 0.491 1 0.3552 -0.5337
Fe, 04 0.030 4 0.3303 0.005 7 0.211 4 0.430 4

Ca0 0.3130 -0.6102" 0.641 6" 0.6736"
MgO 0.0312 0.302 3 0.2933

K,0 -0.370 7 -0.5117
Na, O 0.267 4

e RRMRREAE0.01 K7 BB 2D 5

# RN AHR R EUTE 0. 05 K BB CUID .
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4.2 HEIrENMETE =0.34 ~0.90(F0.79), B/~ Ce 1 7% -
Mt ETE T RNER 3. A5 A# T T 8 D s s A T A 1) R G 3R TSI AR RN 28 B

JUHR A 122,48 x107° ~270.36 x 10 °(°F-44195.03  KiFA AndEtb (98 e R0 AL QB WK 3. A 5k
x 107, AR K B M Lo R A LREE/  FEh B W E 1 Nb.Ta SrTiZr  Hf 15 % F1 Tb 1E
HREE =3.83 ~11.48C V3 6.56), e fi i & w4 7w . Mt o R o WA 8 A uA L, hER oo
8Eu =0.36 ~0.87( 1*34 0.55), Wyr Eu fim#:8Ce  FHE LM, AA/EW LI Eu F52% .
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Table 3 Trace and REE elements data of graphite ore
S S1 S6 TJ-1 TI4 E-2 F-1 D-1 Q-1 T-1 TJG-1 -3
La 49.60 54.00 55.40 38.30 37.10 44.00 31.60 42.20 48.70 31.30 43.20
Ce 99.40 103.50 105.50 57.40 68.90 32.60 49.00 70.80 95.80 61.20 74.40
Pr 11.95 11.70 12.35 7.43 8.31 9.11 5.70 8.98 10. 40 7.02 9.30
Nd 43.80 43.40 43.40 24.90 30.00 32.20 18.70 30.20 36.70 24.20 32.80
Sm 8.68 7.28 7.66 4.28 5.64 5.70 3.05 5.00 6.50 4.46 5.83
Eu 0.95 1.09 1.28 0.49 1.02 1.00 0.75 0.97 0.93 0.96 0.94
Gd 6.89 5.97 5.36 2.92 4.62 4.13 1.98 3.25 4.05 3.25 4.24
Th 3.02 0.83 1.52 0.87 2.04 0.63 0.64 1.16 0.49 0.65 1.19
Dy 6.006 4.75 4.31 2.17 4.19 2.35 1.51 2.78 2.49 2.25 3.29
Ho 1.30 0.90 0.84 0.40 0.86 0.37 0.29 0.56 0.39 0.38 0.63
Er 3.55 2.47 2.18 0.95 2.36 0.87 0.72 1.45 0.77 0.88 1.62
Tm 0.50 0.34 0.28 0.13 0.34 0.11 0.10 0.20 0.09 0.17 0.25
Yb 3.02 2.23 1.52 0.87 2.04 0.63 0.64 1.16 0.49 0.65 1.33
Lu 0.44 0.34 0.25 0.11 0.31 0.10 0.10 0.17 0.07 0.10 0.20
Y 31.20 27.00 19.80 9.60 22.90 9.20 7.70 16.40 8.50 9.20 16.20
LREE 214.38 220.97 225.59 132.80 150.97 124.61 108. 80 158.15 199.03 129. 14 166. 44
HREE 55.98 44.83 36.06 18.02 39.66 18.39 13.68 27.13 17.34 17.53 28.86
SREE 270.36 265.80 261.65 150. 82 190. 63 143.00 122.48 185.28 216.37 146. 67 195.31
L/H 3.83 4.93 6.26 7.37 3.81 6.78 7.95 5.83 11.48 7.37 6.56
dEu 0.36 0.49 0.58 0.40 0.59 0.60 0.87 0.69 0.52 0.74 0.55
3Ce 0.90 0.88 0.87 0.70 0.84 0.34 0.74 0.77 0.90 0.89 0.79
Ba 720 734 1 240 1 695 3 060 1 875 1 140 1 500 930 681 1357
Be 2.11 1.74 2.08 1.70 2.61 0.88 2.26 0.92 0.96 0.35 1.56
Cr 80 120 110 110 90 130 150 140 130 90 115
Ni 44 53 27 23 68 36 103 39 32 41 47
Ta 0.90 0.75 0.60 1.30 0.90 0.70 1.00 0.60 0.80 0.60 0.81
Th 18.10 19.10 24.60 22.10 13.30 17.95 13.40 25.50 22.50 12.50 18.90
U 4.77 3.97 3.34 5.35 2.94 2.13 1.94 2.26 2.90 2.97 3.25
Cd 0.02 0.04 0.02 <0.02 5.44 0.03 0.04 0.03 0.04 0.03 0.57
Co 8.90 15.00 12.20 2.60 18.60 4.80 22.30 11.80 11.80 10. 80 11.90
Cs 11.75 9.58 6.34 9.92 3.55 3.13 3.26 4.29 6.74 7.67 6.62
Cu 124.50 76.20 62.20 29.70 116.50 35.00 151.00 145.00 81.70 30.70 85.30
Ga 17.35 22.80 21.30 23.00 16.00 22.50 22.50 21.90 23.50 16.25 20.70
Ge 0.20 0.26 0.21 0.16 0.18 0.17 0.16 0.20 0.23 0.19 0.20
Hf 0.20 5.80 0.30 0.30 0.10 0.30 0.40 0.10 0.10 0.30 0.80
Nb 11.30 13.50 7.00 7.50 3.80 11.10 5.90 10. 60 14.10 8.10 9.30
Rb 159.50 198.50 110.50 144.00 106. 50 133.00 147.00 135.50 201.00 131.00 146.70
Sr 77.30 47.00 128.00 53.90 71.40 34.50 39.50 92.70 77.70 158.50 78.10
Zr 7.30 211.00 8.10 10. 80 1.80 8.90 11.30 4.30 4.30 3.50 27.10
Ti 2 280 4 230 2410 2710 1 450 3 360 1990 3 480 3 890 2 170 2 800

#: 8Fu =2 Euy/(Smy +Gdy), 8Ce =3 Cey/(2 Lay + Ndy); Fhx N FRERRL A bREAL, b LA 3 Sun and McDonough( 1989) o
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Fig. 3 Primitive mantle-normalized trace element spidergram (a) and chondrite-normalized REE patierns (b) of graphite ore

(PM and chondrite data after Sun and McDonough, 1989)
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Table 4 Carbon isotope determination results
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Q-1 H Ak VEE- YA -22.13
T-1 IH % VEE--Yi e -25.35
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S3 = KEs 8.94
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Table 5 Simonen parameters of ore composition

EI=E 2 pat.

g X — -
Si al fm ¢ alk Cal+ fm)—Cc+ alk) #nfir

SI =ZHE 367 39 37 7 16 53 Gy
S6  =FHE 202 42 39 1 17 63 1S
TJ-1 WE 202 38 41 4 17 58 ]
TJ4 EZEW 365 47 37 1 14 69 i
E2 THRJE 347 37 43 5 15 60 o
F-1  BIBENE 343 54 28 1 17 64 =
D-1  ZRpbil 309 43 40 1 15 67 Eil
Q-1 #HARE 321 46 34 3 18 59 Ly
T-1 HFM 292 42 38 2 18 60 i
TJG-1 WY 329 43 28 6 23 2 1S

e A S A R BRI TR 5 B > 10% Sk A, 10% ~ 5% b i
Py <5% FAREAL. St FoRE A ARG Si0, BRI THG al &
IRA AT AL O; IR 2 T3 fm 78 2Fe, 05 + FeO +MnO
+MgO 2 FHZ B ¢ TRk CaO 40 T3 alk Fors ALk
Na, O + K, 0 73 750 Al BAR TV 7 W] 2 505 (1987) 6
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Fig. 4 The [ Cal +fm)—Cc +alk) ] Si diagram of

original-rock recovery (after Simonen, 1953)
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Table 6 Comparison of main composition of graphite ore with several types of rocks in Yangtze block
e Sio, Al 0, Fe, 05 Ca0 MgO K,0 Na, O C Kt AR
ENE@ S Y SR O] 60.24 14.02 5.41 0.57 2.016 3.37 1.22 8.74 S
R e ] 69.08 13.00 4.59 1.93 1.50 2.74 1.32 0.20
RS e ] 61.98 16.24 4.51 1.81 1.96 3.61 0.88 0.30 R4 2
Y TR e T 65.57 14.24 5.27 2.01 1.73 3.27 0.96 0.32 i
YR YUR e AT 63.23 16.07 3.54 0.82 1.27 4.17 0.49 2.21 1997
PP E R A T 54.82 24.90 5.95 0.89 0.79 2.76 0.35 0.30
B I 541 45.63 10.57 12.56 9.36 8.31 1.98 2.88 ks Hh
AR R 68.58 14.43 3.25 2.12 1.29 4.17 4.53 SR B,
TR A 50. 89 14.31 12.04 7.74 5.16 1.15 0.51 20159
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F O s Fe,0,.MgO. CaO %5 £ 43 42 Bk H B i 5 41, 1fi
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Fig. 5 Comparison diagram of the main composition of
graphite ore with several types of rocks in the Yangtze block

(data after Yan Mingcai et al. , 1997)
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Fig. 6 Trace element characteristics (a) and chondrite-normalized REE patterns (b) of graphite ore, Yemadong and

Dongchonghe Formation ( chondrite data after Sun and McDonough, 1989; Yemadong and Dongchonghe Formation data
after Hubei Geological Survey, 20159)
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