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Abstract: Tongde flake graphite deposit, located in the western margin of Yangtze Plate with over 500x10* t reserves,
is one of the largest and most representative flake graphite deposits in the graphite metallogenic belt of Panxi area. The
study shows that the SiO, content in ores is 55.65%-61.68% , with the SiO,/Al,0; ratio of 4.59-5.42, the Ni/Co ratio of
6.23-12.88, characterized by enrichment of LILEs (Ba, Rb and Sr) and HFSEs (Nb, Zr, Hf, Th and U), XREE of
149.13 x10 ©-195.37 x10 °, and weak negative Ce and Eu anomalies, indicating an anoxic marine sedimentary
environment. The microscopic size measurement of graphite shows the flake diameter is 0.08-0.9 mm, mainly ranged in

0.15-0.4 mm, averagely counting for 53%, belonging to the medium-large flake graphite. The §Cy._my of carbon isotopes
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is =25.0%o0 to —23.5%c , indicating that the carbon is derived from organic matter. After the carbon is deposited and
formed into graphite by regional metamorphism, the heat from the intrusion of magmatic rocks would contribute to the
further enrichment of graphite and then form large graphite flakes. Based on previous studies and newly available data,
a three-stage genetic model of Tongde graphite deposit is proposed, including carbon source deposition, regional
metamorphism and late magmatic-hydrothermal transformation.

Key words: graphite deposit; carbon isotope; geochemistry; genetic model; Yangtze Plate; Sichuan Province
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Fig. 1  Geological sketch map of the western margin of
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Fig. 2 Geological map of Tongde flake graphite deposit
a—1" X b T {7 &1 ( geological sketch of the orefield) ; b—HE VS - T A Bt (Xiaodongwan-Bajiaoging ore block); ¢c— Rz 11" B (Damaidi ore block);
1— it AR alluvial-proluvial ) ; 2—E k& 1541 (Xigeda fm.); 3—J8%% % 45 (Upper-Middle Devonian); 4—J7% % #1455 (Middle Devonian); 5—%Ei &
T 4: (Lower Cambrian); 6—#% H. 2 FSAT5%4H (Upper Sinian Dengying fm.); 7—Wi 3% 220 — Bt (2nd mem. of Guanyinya fm.); 8—Wi 3% 20— Bt (1st
mem. of Guanyinya fm.); 93l 7S 4 (Lieguliu fm.); 10—Eh A1 T4 (Yumen fm. of Yanbian er.); N—REE AR 4] BB (upper mem. of
Lengzhuguan fm., Kangding rock group); 12— 5 K5 %840 (Archaean Tianbaozhai fm.); 13—JEM:—#8 3L A (basic-ultrabasic rock ); 14— JEN K
% (quartz diorite); 15—WEK N K2 (gabbro diorite); 16— 14 (gabbro); 17—7E %A Ik (granite dike); 18—W1)2 (fault); 19—HuJ5 %4k (geological
boundary ) ; 20— /R#& 4 b5t 2% (unconformity ) ; 21—47 8247 {4 (graphite orebody); 22—HF5E X {i Bl (study area); 23— B3t (ore block ); 24—F
FEA7 B (sampling position )
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Fig. 3 Field and microscopic photographs of Tongde graphite deposit
a—f1 #1714 54 (graphite orebody and wall rock); b, e—f1 85" A1 £ 0> (drilling core of graphite ore); d—#1 85" f1 (graphite ore); e, f—f1 4%
B A% T B A (micrograph of graphite ore); Gph—+188(graphite) ; Gt—414kH" (goethite ) ; Mag—REEKH " (magnetite )
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Table 1 Contents of major, trace and rare earth elements in Tongde graphite deposit
FEf = TD-7 TD-8 TD-9 TD-10 TD-11 K& TD-7 TD-8 TD-9 TD-10 TD-11
Sio, 61.68 55.65 5583  57.42 5813 Hf 4.47 471 438 4.26 452
AlLO; 13.33 11.36 1216 1207 1072 Cr 154 136 147 125 187
Fe,0; 3.61 2.71 3.58 3.97 3.55 Co 32.2 29.7 31.2 28.9 41.6
FeO 2.51 2.68 2.05 2.43 1.80 Ni 235 185 342 182 536
Ca0 2.69 6.98 3.57 5.45 4.43 Ni/Co 7.30 6.23 10.96 6.30 12.88
MgO 2.54 2.48 1.19 1.33 0.64 Rb/Sr 0.300 0.220 0.180 0530  0.180
K0 2.22 1.57 1.78 2.29 1.91 Sr/Ba 0.200 0.270 0210 0120  0.150
Na,0 1.28 0.51 0.64 0.56 0.45 U/Th 0.350 0.240 0.260 0550  0.680
Tio, 0.37 0.43 0.21 0.30 0.23 La 31.9 35.0 48.4 345 45,0
P,0s 0.45 0.33 1.24 0.47 1.14 Ce 523 58.1 75.8 55.8 60.9
MnO 0.14 0.35 0.11 0.13 0.35 Pr 7.35 7.77 10.72 7.81 9.57
V,0s 0.06 0.05 0.10 0.07 0.23 Nd 30.9 327 45 324 40.1
Mn 0.11 0.27 0.08 0.10 0.27 Sm 6.24 6.71 9.14 6.54 7.99
ek 8.48 13.30 13.70 12.26  13.66 Eu 1.34 1.47 2.27 1.46 1.89
it 99.47 98.67 96.24 9885 9751 Gd 5.62 6.48 8.36 5.93 7.95
[#51 7E B 3.73 3.32 8.78 5.61 8.54 Th 0.88 1.06 1.26 0.96 1.26
AICNK 1.58 0.78 1.82 0.98 1.28 Dy 5.10 6.40 7.06 5.62 7.90
AINK 2.96 4.48 4.08 3.55 3.82 Ho 1.05 1.38 1.41 1.18 1.74
SiOJ/AlLO; 463 4.90 459 476 5.42 Er 2.80 3.80 3.56 3.12 4.80
N,0+K;0 3.50 2.08 2.42 2.85 2.36 m 0.460 0.620 0550 0500  0.770
K,0/N,0 1.73 3.08 2.78 4.09 4.24 Yb 2.78 3.96 3.37 3.17 478
CaO/Mg0 1.06 2.81 3.00 4.10 6.92 Lu 0.410 0.590 0510 0470  0.720
Sr 0.024 0.027 0.035  0.015  0.037 Y 36.7 49.4 52.9 412 739
Ba 0.120 0.100 0170 0130  0.240 Ir 2.98 3.50 2.69 2.81 2.74
Rb 725 60.2 61.4 78.9 66.5 SREE 149.13  166.04  217.41 159.46  195.37
Ba 1200 1000 1700 1300 2400 LREE 130.0 141.8 1913 1385 1655
Th 9.72 11.39 14.99 8.68 9.79 HREE 19.1 24.29 2608 2095  29.92
u 3.37 2.78 3.87 4.79 6.64 LREE/HREE 6.81 5.84 7.34 6.61 5.53
Nb 7.86 9.79 7.06 6.68 6.50 (La/Yb)y 8.23 6.34 10.3 7.81 6.75
Ta 0.750 0.820 0610 0550 0510 8Eu 0.690 0.680 0.790 0720  0.720
Sr 240 270 350 150 370 5Ce 0.840 0.860 0.820 0830 0720
zr 270 321 279 255 280

AN FRICE N Sr.Ba N%,Ir A 107, HAfE MG o0k 10
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Fig. 4 Primitive mantle-normalized trace element spidergrams and chondrite-normalized REE patterns of Tongde graphite ores
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Table 2 Particle size statistics of Tongde graphite ores

(From Reference [24])
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Table 3 Carbon isotope correlation between Tongde

B 5100 100-80 80~50 S50 graphite deposit and the same types
U’E& =g=} 128} L/ 13
Fi%/mm 0147 0.147-0.175 0.175-0.287 >0.287 X i AR &°Cu-popf %0
18 1) 57 27 18 12 Tbc-8 -242
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J\ 25 =] i ‘ni. %{

VI(21F) 72 20 37 15 7B-07 A —28.41
V(17 1) 69 18 29 22 7B-08 _28.01
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e S Fms G H
X(3 1) 77 22 33 22 3 -19.9
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XI(114) 56 11 21 24 FeRamaaiEd ey
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XI(15 %) 16 9 5 1 K
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K5 (11 4F) 51 18 20 13
2 -19.9
SE¥g(1311F) 53 19 21 13 3 1
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43 RERMESWH P 5 FR R -213
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ffi 825+12 Ma [ [FIFE N A7 FT 806 Ma =5 R
B AR R B R A AR R 42 A G AR A R KR R
FEUR A RN G Rk A B b AR T 28 XIS A R
IR A B2 32 A 1 TR AR AR 1 5 ) PR 4
i T BHEL R A bR A 1507 i A o e 45 7 5 1
R RSFAR R, A S8 AR 0 S A T, A T I & 0
F X 5 A S B ) TR T IX A 58 2K F 100 H
FF-38 5 Lt ol 53% JJE T K A SR 1 T
— B BRI A R R ATE— E R AT RE S ik
NI A TE AWM, B SR W) R AR 0 i A
b TC B AE R A5 i K & (A0 B sl fE v o R
7

6 it

)[R 80 R A R R B A B AR A
R HLE R oRRR AR SR s, R s i a T &
oA KAV AR AT A bE At A4
SR, F AR EEN 0.15~0.4 mm, KT 100 H#F
BIG R 53%, J& Tro—KEi it a s sk 28
FetR, RS2 I HES , i 30%~35% 5 A1 9 R A TR R
AR, E R 40%~45%.

2) [ SR A Si0, 55.65%~61.68%),
ALO; 10.72%~13.33% , K;0 1.57%~2.29% , K;0/Na,0
1.73~424, £ N8 K %% Na W4 S, CaO 2.69% ~
6.98%, CaO/MgO 1.06~6.92, 51 F148 %L A/CNK {H K
0.78~1.82,F-I{H H 1.29, XM At A O, &
Ba.Rb.Sr & KB FHRAITLEM Nb Zr FRHMITE.
A BATIH Ce T H M Eu 7% 108 THUARY
T AHTTREASR.

3) A SBFEMD 8°Cypp N -24.3%0~ —24.1%0,TENA
BUBR B RIE0E , FH R 7 S8 IR P 4k ot = R
TAEYW, JE iR T AT eI Tl A=, AT T AR
R MR RS,

4) [ R A B RATE T T DU B L IX
SR AR B Be A 28— il 28 B R R B B TORR B
BB R B R A s DXAR 5 i B i ml
WK I Al AR BT B B 56 B R s R Ay 287 IR
Pk, A B2 — D B A TR R AR
fig% 7 850K
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