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Abstract

The Ailaoshan gold belt is located in the southeastern part of the Sanjiang Tethys orogenic belt. It consists of
a series of large and super-large orogenic gold deposits. Moreover, carbonaceous materials (CM) are widely rec-
ognized in those deposits. However, the role of carbonaceous materials in the deposit formation is still unclear. In
order to determine the role of carbonaceous materials in the gold mineralization, different kinds of carbonaceous
materials and symbiotic pyrites found in Zhenyuan super-large orogenic gold deposit in Ailaoshan gold belt were
analyzed by petrographic observation, Raman spectroscopy, Fourier Transform infrared spectroscopy, carbon iso-
tope and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) analysis. The results show
that there are three types of carbonaceous materials in Zhenyuan gold deposit, namely CM1, CM2 and CM3.
CM1 has a dark gray irregular shape. Raman spectroscopic analysis shows that CM1 has a low-intensity, wide D1
band and a high-intensity, narrow G peak, and D2 peak is more obvious. Calculation shows that its formation tem-
perature is 172~200°C, lower than the metallogenic temperature (250~330°C). In addition, the FTIR shows that
CM1 has a low degree of graphitization, contains less CH and C=0O groups, indicating that it has not undergone
hydrothermal alteration. The 6"C values of CM1 samples range from —26.46%o to —26.89%o. Framboidal pyrite
Pyl and CMI are spatially associated and distributed in carbonaceous slate. The LA-ICP-MS results show that
Pyl has high content of Co, Ni, Zn, Mo and Te. CM2 is gray slender asphalt. Raman spectroscopy shows that the
D1 and G peaks of CM2 were sharper than CM1. The area of D1 peak and G peak of CM2 are similar, and D2
peak has a low degree of spectral separation. The calculation shows that its formation temperature is 358~463°C,
which is higher than the metallogenic temperature. The Fourier analysis shows that CM2 is highly graphitized,
with obvious spectral peaks at 2925 cm™ and 1705 cm™', containing more CH,+CH,, C=0 and C=C groups. CM3
is gray and fine granular. Raman spectroscopic analysis shows that the spectral characteristics of CM3 are similar
to those of CM1, but the D2 peak of CM3 has an independent peak segment. The calculation shows that the for-
mation temperature of CM3 is 258~322°C, which is consistent with the metallogenic temperature. The §"”C val-
ues of CM3 range from —9.09%o to —14.12%.. Euhedral Pyrite (Py2), symbiosis with CM3, is distributed in the au-
riferous quartz veins, and LA-ICP-MS results show that Py2 has high content of As and Au. Based on the analyti-
cal results mentioned-above, we proposed that CM1 is derived from organic matter and formed in the early diage-
netic stage of carbonaceous slate, which belongs to metamorphic origin. The symbiotic Pyl is formed in the dia-
genetic stage, belonging to sedimentary pyrite. The formation temperature of CM2 is higher than that of mineral-
ization, which is also of metamorphic origin. CM3 comes from ore-forming fluid, which is due to the reaction be-
tween iron-bearing minerals in wall rock and ore-forming fluid, belonging to the hydrothermal origin, while Py2
and CM3 co-precipitate from the fluid. CM1 and CM3 play important roles in gold mineralization. CM1 acts as a
reductant and effectively reacts with the sulfur hydrogen complex of gold in the ore-forming fluids to promote
gold precipitation. While CM3 co-precipitates with Py2 in the sulfide process, resulting in a large amount of H,S
consumption in ore-forming fluids, which further destroys the stability of the sulfur hydrogen complex of gold, re-
sulting in gold precipitation and reenrichment.

Key words: orogenic gold deposits, carbonaceous materials, Raman spectroscopy, Zhenyuan gold deposit,
Ailaoshan gold belt
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SE L . CM1 35 R AIE 2 7 K2 1322.8 em™!
b B 9R E LS8 D1 AR, M 7E 1592.8 em™ 4b
B A G g, D2 G I ., £ CM1 Z5 1
HATL % (K 5a) . # LT CM1,CM2 ) D1 1 G
W B g A0, T AR AT L, D2 W ) S 1 43 16 7R AR
i, BAHT CM2 M 454 A )7 M L, CM2 19 D1 i
7 B 20 1341.7 em™, G W47 Bl 1581.2 em™! (]
5b). CM3 ByHLEO0IEFEE 5 CMI L0615 A
oI, {H CM3 1% D2 W FHLAT il 57 1 06 By, CM3 19 D1 I
B 2 13327 em™, G W {7 & N 1600.7 cm™
(K 5¢).

BT DL SR FRATTR A LS a5 (3) 43kt
CM1.CM2 Hl CM3 #4778 B il JE 15 T4 R B
78 CM PR LB Y5 T2 172~200°C (SF34 193°C) , ik
TZH A IR EE (250~330°C, #3517, 2015) ; CM2
A B 31 ]2 358~463°C (PF-14399°C) , =5 T i i
J&E 5 CM3 114 7 75 BBl 258~322°C (- #4 278°C) , 5
B R AR —F(E6)
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TrE V2 T CM3 RLAR /)N, S2 56 520 1L
BEPRIME , Fir DA AR FL A 7 e L o AR 48 21 A1) Ol i 512
55, HXF CM1 M CM2 47 T8 B AR Je 21 40l 1%
SCHy . LDANEIE AT R (] 7), CMI AT CM2 1)
CH F) {45 41 3 W AL 06 1 ) 7E 2700~3000 em™ 2 Fil
W, OH 43 T Mi4adk )™ £ T 3620 cm™ 13400 cm™
Tk, 50 FR AR X B CH, Al CH, AH 56 1Y i 26 037 T
2925 cm™' Fi12865 cm™, 170 Scm™ F1 1630cm™" 4k 1Y
T 4331 5 C=0 Fl C=C B AH K , Bk 1 115 T 7F 1025~
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Fig.4 Hand specimen and micrograph of carbonaceous slate containing gold-bearing quartz veins in Zhenyuan gold deposit.

a. Carbonaceous slate interbedded with quartz veins; b. CM1 distributed in carbonaceous slate; c. CM2 distributed in quartz veins; d, e. CM3

distributed in quartz veins; f. Micrograph of the replacement of earlier magnetite by pyrite in quartz vein

Qz—Quartz; Py—Pyrite; Mag—Magnetite; Rt— Rutile; CM—Carbonaceous material

1035 cm™ . 41 7 fr/R , CM1 Al CM2 BYZL AN 2%
AR, CML A7 B ACFREEAR, & A8/ 1) CH AT C=
O i ; CM2 7 S5 AL FE B2 &7 , 76 2925 cm™ F11705 cm™
Ab A B i 1 0, S A B2 1) CH, . CH, .C=0 1 C=
(of '
34 FREIGIERARK

PR AR T B R 7 L 1AL 1 B R AT X6 M2

FE A 08 3 B0 A % B LR B A A B, /N T
CM1 FI CM3 19 & i, Tk 4045 2 & CM2 F T[]
BLZE A3 AT o PRI AR YRR A DX BRORE A 222X CMLL AT
CM3 A7 H BRI e [ 057 R 20 o B o 3 ik [l for
FR S R a3k 2 fir , i BUAR Fr  CMIL Y 8B3C 3
il —26.46%0~—26.89%o , “F- ¥4 —26.66%o , 75 4x £1 & ik
CM3 (1] §'3C 1 [l —9.09%0~—14.12%0 , - 2] —10.96%o ,
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F1 CMI1.CM271 CM3 B HIEHIBFH AR E
Tablel Spectral data and formation temperatures for CM1, CM2 and CM3

T DIWE(E/em™ DI A/em™ GUEfH/eom™  GUEHAVem™  D2U{H/cm™  D2IEEA/em™  RI R2  TIC
15500 3240000 18100 1280000 1630 66600 0.86  0.71 200
2270 625000 2060 200000 338 8830 1.10 0.75 193
23400 7090000 32600 2570000 4720 372000 0.72  0.71 172
oM 36600 7250000 52900 3310000 5040 174000 0.69 0.68 200
41500 10700000 49800 4180000 5640 307000 0.83 0.70 197
5750 1830000 3910 467000 609 19000 1.47 0.79 193
840 85000 4160 126000 341 10300 0.20  0.39 388
23400 1760000 30200 1400000 3030 149000 0.78 0.53 371
1610 139000 6560 195000 564 16700 0.24  0.40 388
M2 29300 2120000 37500 1340000 4010 433000 0.78 0.54 358
27400 1660000 42600 1780000 4800 201000 0.64  0.46 424
1790 106000 6810 193000 698 19850 0.26 0.33 463
20200 3270000 23200 1690000 3410 131000 0.87  0.64 271
8760 1670000 8890 717000 1970 123000 0.99 0.66 266
8790 1870000 7250 573000 2730 216000 1.21 0.70 258
oM 17500 3150000 23100 1940000 2040 44800 0.76 0.61 280
17500 2950000 22900 1690000 1960 74900 0.76  0.63 268
2750 319000 4120 251000 150 3680 0.67 0.56 322
40000 } b M2 15812_-G c cM3
o 30000 1332.7 . 10007 _-G
% 20000 000) s
10000 10000 /
0800 1000 1200 1600 1800 1200 1400 1600 1800 1000 1200 1400 1600 1800
$i B AL B em ! Hi & 4 B/em ! i & B/em !
K5 CMl(a).CM2(b)F CM3(c) B i
Fig.5 Laser Raman spectra of CM1 (a), CM2 (b) and CM3 (c)
THEMEMY B, w(As) } 56325107, w(Ag) A 14.2x107,w(Sb) Ny

35 HEHH LA-ICP-MS S #TiETE AR

Z 35 T Pyl Fl Py2 B LA-ICP-MS # £k 4"
IR I 8UE , B4 B TR & A A R 4
K8 Fim o

Pyl % ICE & PAE w(Co) K 296x 1076, 1w(Ni)
9 1909% 1076, w (Cu) 4 229%10°, w (Zn) 4 96.8 x
1076, w(As) K 1545x1076,w(Mo) H 28.7x10°,w(Ag)
1 24.1x107, 10 (Sb) K 204x10°,w(Te ) 3.01x10°°,
w(Au) H 0.53x10°°, w(Hg) H 5.54x107, w (Ti) H
3.76x107¢, w (Pb) y 576 x 1076, w (Bi) }y 0.12x 1076
Py2 % 0 &K S P w(Co) H 26.1x1070,w(Ni) Ny
64.7x107,10(Cu) H} 1578x10°, 1w (Zn) K 1.94x10°,

289%107¢, w0 (Au) A 1028x107,w (Hg) 4 4.69x10°6,
w (Ti)H 14.2x107%,0(Pb) A 247x107,0(Bi) 24 0.19x%
10°(& 8) ., Pyl iy Co,Ni, Zn % & = T Py2; Py2
As, Au & 15 T Pyl, Py2 Hi% A5 #6: I 3] Mo 1 Te
JCHR.

4.1 FEEHRTHRE

FR A o 5418 R LER R LA-ICP-MS 20 B &8 21, R
WE5E U PR O [R] 2R B B R Py 1 A Py2, H:
AR BT Py WAE TR ARSI A )
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F2 CMERMIREGIEE (%)
4501+ El CM1 130, o
@] oM Table 2 8"C(%o) of CM samples(%o)
w0 [@] M3 CM2: 358~463°C R 8'3C/%o
—26.66
, 350f -26.64
% TR AR —26.65
= 300 (CM1) —-26.46
. CM3: 258~322°C -26.65
2501 —-26.89
-10.06
=00 CMl: 172~200°C - 10.86
. . CEEEDS -10.61
120 CM1 CM2 CM3 (CM3) ~11.00
- -9.09
K6 CMI.CM2 1 CM3 BYIF i IE 1 it b 412

Fig.6 Comparison chart of formation temperature of CM1,
CM2 and CM3

ORISR | 7K AR ZE R Y Co, Ni, Cu 45 42 s
2, AR RAR Py2 W 250 A Tk Biics 199 o, e R s OB R IR i) B 4k I 300 3
EaaAvikh, LA-ICP-MS45 50, Pyl MIPy2  REAE MG K FP e il 24 42 )8 If & % (Majumdar et al.,
HA SRR HECEAHE , Pyl Tl W S EEL 2020), KL, FATHERT Pyl 0] fEIE LT a9,
) Co, Ni fil CudEJu &R, MXTH =Z Au i As, 7ERTAN & TUCEURSC A 9 Bk AR 1 AN 24 4d (2020) 1)

i 2HEREE {8 B AR 4 T A
ol 3620 cm™ || 2925 cm™' || 1705 em~} || 1025 cm™
OH CH,+CH; C=0,C=C OH CH,+CH, Cc=0 :

- CM1 -

D1 ;

CM1 . 3 ;

D2 . -\\_H
| ]

g \ :
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DIl G :

D2 cM2 : '
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Hr 2% fom™
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Fig.7 Comparison of Raman spectral results (a) and FTIR results (b) of CM1 and CM2, (c) is the local amplification of (b)
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Table3 Trace element analysis data for Pyl and Py2
- w(B)/107
Co Ni Cu Zn As Mo Ag Sb Te Au Hg Tl Pb Bi
Pyl-1 1265 2980 806 19775 2575 40.4 35.7 422 3.65 0.53 27.1 4.16 799 1.28
Pyl-2 1071 2822 762 117218 2569 423 29.1 429 2.38 0.35 56.2 4.84 942 1.13
Pyl1-3 141 514 97.8 73.4 402 17.0 2.23 42.5 — 0.03 0.80 1.49 126 0.07
Pyl-4 239 1448 264 77.2 1499 42.1 19.1 212 — 0.67 491 3.36 465 0.17
Pyl-5 249 1984 191 15.5 1591 3.90 8.66 164 — — 6.18 3.31 399 0.06
Pyl-6 341 1833 193 116 1447 4.77 69.8 195 0.71 0.74 4.85 5.06 686 0.06
Py2-1 49.5 286 200 4.07 4717 — 0.63 20.8 — 90.2 0.70 0.46 17.8 0.01
Py2-2 5.09 13.9 1879 — 69699 — 23.5 600 — 890 6.31 24.4 571 0.40
Py2-3 12.9 20.8 1777 3.36 65899 — 18.1 304 — 1023 5.20 16.3 279 0.21
Py2-4 76.6 142 2199 1.45 71779 — 18.2 315 — 1033 5.64 19.4 252 0.17
Py2-5 6.43 42.6 568 1.94 33511 — 3.96 79.4 — 1621 1.98 2.00 102 0.07
Py2-6 39.4 86.9 1378 1.94 46750 — 10.3 273 — 1583 4.18 12.2 243 0.22
"R AR TR IR
10f O pyl
O py2
10° f I 1%99%
0O 25%~75%
10* T O 25%~75%
- Pl
10° ? ? T
o L o [ | B
=
10' f B D
10° I;' @ ? T
10 D
0 e N & Zn A Mo Az S T Ar  Hz T ® B

&8 Pyl il Py2 it ot 3 7 i A AU &

Fig.8 Box and whisker plots of Pyl and Py2 trace elements contents

WFFE R, BUT a0 B B AR v R R R 1)
[543 2 AH 2B 5K (=54.58%0~38.31%0 ) , tLIER] T H:
J& Tk B A e i B

5Pyl RIFl,Py2 8 = Co,Ni, CuS5 L& , 1fif 1
W E AR Aul As, Py2 fF A de kv e £ 200 & 4
W4 nl LI o PR R (RS B (SSD) Ml A %
fi#-ULiE (CDR) ) JE il (Adegoke et al., 2022), {EF4:
BT A FRATTR & B Py 1 A7 AEFI Py2 i 37 .
W s IR IE , [R) i), Py 1 AR XMESR AL Py2 vh i & 42 1Y

K& Aufll As, IbA1, Py2 AR 47K Pyl ()0 R HRAE,
A, Py2 A o] BE & i Pyl 5578 1M & , 5 7% Py2 J& T
JE PR PR . A4 (2020) BF ST 2B DL A
H BB BT BB [ A7 2R (T A (—4.95%0~
4.16%o0, -1 0.02%0) , 5 Pyl f 3 [l 22 BE 85 K, 487
Py2 VT Rl b o L, FRATHEWTE & & A 0
JKTE ik 2 v bl T A9 i VR AR A FHK 5 B
L FHIRFARAIREE R pH iR B Y ek
JF R A S 5 Au T As BUR T Py2 3843 St g
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Fe LR PIVE, JEAL T & Au.As ) Py2,
42 BBRWEBE

HIABESE R ] CM 778 Z2 Rl D < sk 28 T 5%
9% 1 (Bierlein et al., 2001; Berge, 2011) 5% 3% [ A
HL#EJE (Luque et al.,1998; Jehlicka et al., 2003) , #x
WIFEAE T6 A T A DL B 26 0 728 o e A8, e 2%
A AR, T & A 25 Bk 43 (Kribek et al.,
1994; Jehlicka et al.,2003) , X — i B G ARy A1 4L,
oo Ty M 25 IR A= W AR 28 D) 254 | A A 4
FAb 2 24 Wl 1 RO A | I e B A A8 TR 2 I
AR Shy v P 4% %) 7 25 (Wopenka et al., 1993; Large et
al., 1994; Beyssac et al.,, 2002) . fij Pitcairn 55 A
(2005 ) X P4 2= Otago 4 X (¥) CM i Fi {8 HL 2% 4
AMEIE AR T R, 0 A h 7 CM & AR
TR HRPLTE R A, BT CM AT DL & ik | B e Y 4
WL R T B (Craw, 2002; Pitcairn et al., 2005;
Luque et al., 2009; Kiibek et al., 2015) .

FEAMEFE Y, CML T2 5345 TR DL &8 i ik 5T
Mg, A R SGE f IR, JF B Pyl 24 ok
DA ) FL A 2R B Bk (Bl 4b) . ML 7 20l
T A5 A B/ CH AT C=0 7Y il 5L 21 40 Sl ik
FRAE R H A M A S 2 (B S B 7) .
CM1 ] il il B2 3153 45 2R (181 5) 3R W] HOW il it B2
i,y 172~200°C, X T B0 i 2, 5 HOB iR ik —
s A CMIT AR 1 §13C 7E-26.46%0 F1]-26.89%0 Z
&), UE W] CM1 R IE T A OLET, )8 T2 BUs . [H)
B, PR S5 400 0 S ek B i 722 o A 32 %) 38 i 3 in
(Beyssac et al., 2004; Lahfid et al., 2010) , 5 5 It 4
W CMI BAIK /Y I B B /s JHE 28 g 1) 728 o A
W55, A8 R B LRI

CM1 IR R AN 9 Bz o BT R AR
SRIEIN iR & 48 W KBl A A T AL T Ak
WAL, S BB IR R vie FE 150, I by Tl 3 A AT VR
(Canfield, 1998; Johnson, 2017; Absar et al., 2016) ,
il AN W7 [ 5 AR 2K AR LS TR W i, R BURK &
MCIZAHUET A E . A VLA R id ]
23 W4 5 ff AE TR K P R K R AR B8 3 I R HLS
(Berner, 1984) . 7EGA IR A HLET R B
A T 3 R R, S B2 K R RN I AR )
H,S i) & 4 (Berner, 1984) . Fifi 4 A7 AL A9 AN W7 2 7l
AR J5 Ny B RE 2 R AR & Fh 4 s DL A Ak
JE BURR ) i TG 2R 23 1) R RUTRE K R A TCRR A3 i A
R, X It R A 55 S W 2 PLET DU

F(E9a), BJE & &AL TR 20 R s
YERIE B B E PR a0 (BI9b) . FES ik —2
B X 372 B ARS8 B AR AR 5, 3 3 A AL
FiE A CM1 (K 9¢) .

CM2 534 TR AR A 1 92 )2 5% 4 A e ik v (&
4¢), CM2 P EOETE A5 A B 2 CH i .C=0 il C=
C B 1 ol L I 2T A i AR i 2 B L Bl 88 v AN 45 it
A (S 7). b2t gt (K 6) iR,
CM2 {IE R Sl 358~463°C, Tfij B T B A 250~
330°C; [A] B, o7 & O B2 T s 1 S B Joe ) 75 b
JoT g s 128 3 ) B e i EE L O 2R 230 ST i 7
rh T 28 0 1) e e T R L N3 A7 B i A AR TR A 52
Wi, RS SCILIG 45 SR, CM2 Y TE i I 1 I (2 9%
T 1 O Y s S0 i A TR BRI FR AT 4
CM2 728 5T i A

CM3 )73z 4 A TR AR A 1 92 )2 7 4 A e ik
L 5 Py2 S BB B Py2 ST BUNIE A
Y Rk 9 H CM3 2 FURCIR 5 Py2 36 [F] i3 (&
4d.1), UiH CM3 55 4L % UIA G . AR, AT TR &
A3 A FE B A A e kb i CM3 8 52 FROR B0 1Y
JRI , Jf FLL 2R R 45 R (B 6) £ B CM3 (1 E
BGIR D 258~322°C, 5 IR — 3. Ji4h, CM3
FE S B 813CAE H-9.09%0~—14.12%0, L) FIEHEZE ,
CM3 5 CM1 fil CM2 A ], Ag F IR E - 8 7=,
TN 12 R PRI o

CM3 A fifk i PR VR T B0 i A, >4 B i A4
TE 2 Uik e e 25 T F BB ) iR A is A% py ik AR v H
TR FE ) i 2 A2 A, S BOL TR R R e 1)
ARZS , AT i o 4t RN BL 39 58 1) T 5 I R i O, AT
H,S. LG, Wl AR A i R v 25 5 LA ik T A
PRI R e (] 4) & AR RRAL RN, 53
CM3 Al Py2 L [ PT3E (B 10) . Horp [FilS b oK &t
P B R A AL A S 1 A , RO T AR B AL Ak
AR AR . RN

Fe,O, (#f £k W") + 6HS+ 6H+ CO,=3FeS, p,,) +
Ciems H0H,0 4)

B AR FH R R 8 SRR L B P AR 1A
#OrE JiAh, 3R 5 HEAE FHAE G CM3 38 8 23
SLBRTE A, AR B AR P AR I CMI B B T AR
A (Craw et al., 2015)

43 BMERYESHT IERNIER

ASCHEFE T, CML T IZ A4 AE T WA [ e o Al

o, 5L A 0 BCA R Pyl &R R 0.5
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FE9 DL IR H CM1 BYIE SRR 7 (5] (4 Subhashree, 2020 & 240)
a JEEIRTURR I TE BRI JC 2R I I R BRY 5 b, ZESTRRRIR U A I RO i 8 /P8 (LU s o B VR B0 BE B AR AR B 4 R Bk
BV AR T 2 A L AP R ACR A I B TR B B b A o
Fig. 9 Formation model of CM1 in carbonaceous slate of Zhenyuan gold deposit (modified after Subhashree et al., 2020)

a. Formation of the seafloor sediments and reduction, adsorption of trace elements; b. Mudrock/Black shale formed during sedimentation and early

diagenesis; c. Trace elements such as Co, Ni, Cu, Zn, As, Mo, Ag, Sb, Au, Hg, Ti, Pb, etc., get partitioned into the lattice of growing sedimentary

pyrites from the organic matter

1075 CM2 Fl CM3 A T BT Al 18 e )2 7% 4
ik, 5 CM3 Az B ORI BBk Py2 & Wk E R
1028%10°¢, HAR A 2 73 A TEWR B AR 5 % 4 A1 0%
Pk A (El4a) . 53 o6, mE ARG R DL 40
4 gAY E 85 HS & T 017 B A7 (AuHS® Fil
Au(HS),) s # (Z=184#,2020) . WP LiTie,
ITACH CMLIE BT 1 /i A9 728 B, B i ade i
PR B PRI 2 B AT AR, R iR &
WA T 2 AEAE B CMIL K T AR 322 fih 0 & A2 7k
F N, CM1 BB R 3 J5 A 3t 14 P 19 AuH SO Al
Au(HS),, FE 4 MUE (K110) . KA R 1 i 2
CIE %V F
AUHS+C ¢y +2H,0=Au+H,S+3H+CO, (5)
4Au(HS),+Ccyy,+4H™+2H,0=4Au+ 8H,S + CO,
(6)
AR 2 20 A A A I 4 g ik
UL i) S
B AR IE A% B A B v 2 Sk A A TP A R

B & AR RO, B CMB UL . Wy R (4)
B, 3 b B s R () M3, HAg 1 F Ak 9 (4 3L
VE A HE B A AR T 0 & A TR s 2 R AL A IO R v
H,S W b — LR & ik W 4 A iR e 1, &
HE&mMUvE (K 10),

5 45 &

(1) BELUT A0 b o3 A S HL T e 5 4 A i ik v
Al UL 3 AP R A . CM1 L. CM2 FilCM3, CMI1 K E T
AL, 28 105 728 SR FH S T8 BT e JB Al 2 7 4 300 it
B BT AR FUSIA s CM2 B R 5 T IR
2 78 5 B PR 5 i CMI3 SRR F 1 44k, 2 i
T R Y R AR A A B N S B
TARHULTE, 8 TR R

(2) 5 CM1 A4 B ARIR B2 Py 1R T AR
w0 JE TUURRI e, A D 4 i 5 CcM3 4t
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Fig.10 Schematic diagram of the formation of CM3 and Py2 and mineralization process

Dol—Dolomite; Qz—Quartz; Mag—Magnetite; Py—Pyrite; CM—Carbonaceous material
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