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Abstract The Songhu iron deposit is located in the eastern part of Awurale region, and its bed-like orebodies occurred in the
volcanic-pyroclastic rocks of the Lower Carboniferous Awurale Formation. The volcanic rocks, as the wall/host rocks of the deposit,
were formed in an island arc tectonic setting according to their trace element geochemistry. Three genetic types of pyrite have been
distinguished in the deposit; the framboidal, the anhedral-subhedral (with a large amount of pyritized bio-remains), and the cobalt
pyrite. The pre-iron ore framboidal pyrite of sedimentary origin recrystallized due to the reworking of ore-forming hydrothermal solution,
accompanied by the apparent increasing of its Co content and Co/Nij ratio. The iron ore-stage anhedral-subhedral pyrite and associated
pyritized bio-remains possess relatively higher Co contents and Co/Ni ratios, indicating the close relationship between the ore-forming
fluid and the magmatic (voleanic) activities. The Songhu iron deposit was superimposed by late stage Cu-Co mineralization, in which
a large amount of chalcopyrite and cobalt pyrite were formed. The Co content of cobalt pyrite can be over 1% and its Co/Ni ratio over
26. Tt is suggested that the process of Cun-Co enrichment in the deposit is closely related to the latter stage of volcanic activity, This
deposit could be recognized as a volcanic exhalative sedimentary iron deposit, and its ore-forming temperature ranges from 270°C to
325%C.

Key words Songhu iron deposit; Pyrite; Co content; Co/Ni ratio; Volcanic activity
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Fig.1 Geological sketch map of Songhu iron deposit
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B2 AT R | SE AR TE (a) I & (b) (HEHT S F-L KA STR %)
Fig.2 Geological plane (a) and profile (b)of No. 1 orebody in Songhu iron deposit
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Table 1 Representative compositions of major element (wi% ) of volcanic rocks in Awulale Formation from Songhu iron deposit
RSB Si0, TiO, Al, 0, Fe, 0, MnO MgO Ca0 Na, 0 K,0 P,05 LOI Total
SH2-1B 67.71 0.54 14. 64 4.90 0.03 1.01 0.22 2.15 7.29 0.1 1.31 99.90
SH3-1B 67. 63 0.54 14. 56 4.70 0.04 0.76 0.67 2.26 7.23 0.1 1.40 99. 89
SH7-1A 55.42 0. 85 17. 41 10.22 0.13 4.04 1.49 5.45 2.2 0.11 2.55 99. 87
SH7-1B 56. 19 0. 88 17. 65 9.85 0.12 3.25 1.73 5.93 1.99 0.12 2.17 99. 88
SH7-1C 54.93 0. 89 17. 14 10. 61 0.13 3.93 1.67 5.57 2.34 0. 12 2.56 99.90
SH9-1A 60. 44 0.74 16. 48 7.54 0.1 2.38 1.02 1.95 7.08 0.09 2.04 99. 86
SH9-1B 55.83 0. 88 16.70 9.92 0.26 4. 64 2.21 5.35 0.96 0.12 2.99 99. 85
601-6 64.59 0.82 15.51 7.57 0.1 2.22 1.05 2.31 2.82 0.04 2.79 99.83
SHAn-1 61.73 0. 85 16. 45 7.49 0.14 2.85 2.94 4.37 1.45 0.09 1.54 99. 90
101-14 66. 79 0.53 14. 34 4.44 0. 04 0.56 1.1 2.91 6.57 0.11 2.47 99. 87
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®2 RHRTENKENFRANBFRIFNER (W% )
Table 2 Electron data of albite and chlorite from Songhu iron deposit( wt% )
BESE §i0, TiO, AL, 0, FeO MnO MgO Ca0 Na, 0 K,0 aE T(C)
MmiKkA
yu-1 68. 10 / 19.28 / / / 0.08 11.49 0.05 99.00
yu-2 66.93 / 20.7 / / / 1.16 10. 89 / 99. 68
yu-3 66. 88 0.01 20.59 / / / 1.17 11.17 0.09 99.91
yu-4 66.24 / 20.46 / / / 1.23 10.58 0.04 98.55
yu-5 65.41 21.56 / / / 0.70 11.14 0.1 98.91
®iLn
yu-1 26.92 / 17.97 22.03 / 14.91 0.20 0.04 0.08 82.15 270
yu-2 25.95 0.04 20.48 26.41 0.533 12.72 0.03 0.07 0.08 86.31 325
yu-3 26.00 0.04 19.02 26.55 0.431 13.00 0.06 0.05 0.08 85.23 309
yu-4 26.39 0.01 18.97 27.91 0. 406 13.93 / 0.07 0.05 87.74 317
yu-5 26.92 / 17.97 22.03 0.593 14.91 0.20 0.04 0.08 82.74 271
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Fig. 3  Photo and microphotographs of iron ore in Songhu
iron deposit

a-Bitumen and framboidal pyrite in iron ore cut through by calcite
veins; b-Bitumen and framboidal pyrite in iron ore; c-automorphic
and anhedral pyrites in framboidal pyrite sphere; d-recrystallized
automorphic pyrites in framboidal pyrite sphere; e-Anhedral pyrites
and late anhedral pyrites and goethites associated with magnetites; f-
Anhedral pyrites associated with magnetites; g-Anhedral pyrites and
magnetites cut through by chalcopyrite thin veins; h-Pyritized coral
fossil in iron ore; i-Pyritized biological remains in iron ore; j-thin
vein chalcopyrite distributions along fine fracture in cobalt pyrite; k-
automorphic cobalt pyrites in chalcopyrite; l-automorphic cobalt

pyrite
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(WiE ) FeAE (& 3a) B LB 7 i A TR 4% 2 AR B9
oA, TEZU IRPAIE (UH) A EA W& AR
BARER, 2808 L pm EHJL pm, MR 20 U E
SOURE (B T A ST ST R N B S5 R 3. 52 ~ 4. 38, - 28 4.. 00,
R HE BB B, B G IR e LR R A
MERRSEY EX T EHRRERNSE., BEERAR
(RIEILAE, 2007) , A IR R AWML BGERE A h
200C , WM R R E R AR WESRIEAR4EE 200K
H. BHEBRTRERAT AT HENBRNZ 5 A
TR AN A KA TEVEMERERT#H, BR,
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BVREBSTVET AP ESENS% ~15%, 845K 80 ~
200uwm, kA FREERE Z . wAh, T GBI E—
SRR CIE A £ 0BRSS BAA (B 3h,i),
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4 TR R EOT R R AR

TR I BARAL 208 FeS, , SEPR E RAM BT R T
ERMA S Fe F1S 250, BEH L BEMMIEITE (J4E R
). ERGT P HGARGE - RAEN 2%, 8075 57—
A 10% , T4 B AEFETETBEN/ DT 1%
( Abraitis et al. , 2004) , BB MK B &, KR EHD P
(26 x107° ~2.2 x10°%) {106 x 107™° ~0.2 x 10~ ) FIFh
(6x107° ~9.6 x1072) ) & B A4k 5% K ( Arehart et al. ,
1993 ; Abraitis et al. , 2004;Brill, 1989 ; Chenery et al. , 1995,
Huston et al. , 1995 ;Oberthur et al. , 1997 ; Wells and Mullens,
1973), HAEGF PHECESENERBE Fnits
MBS LA RIAY EA A FiNETE S & Ry ks T
R AWRERER PH Y38 R F % (Moh,1980) , 34
G T BIRE KT 300°ChT, % E MR EHAK, Fe Co,
NiMn, Cr fl Ti ¥ EHREBE TIEER BETTFHET
ZMEHETZMILENT 2, 8450 A N BEHET 8K,
LEERT 1T SR B SR AT, EOR IR R, S (As Se
M Te ZFRBEFIHEENA BHEP PHAEFZMEHETZ
MLERT 2, 5N P RIS (RS 2004a, b),

BT ERER T B AN R R BT S S B
F 570 x107° ~4790 x 10 ° Z ], b K BHAA N T R AT
1000 x10°°(F 3) , B E BN T 240 x 107 ~ 860 x 107° %
8], B M SR A TR R S BT R TR TR
HIR(E3) , AETAEM, BT B Co/Ni [L{H S5 BT MR
B Y5 2 (Brill, 1989 ; 2= 54 2% 2004a,2004b) , B . F 5
Ni-Co B FT LAKI BB &0 0 U . REAMRT K s
EERRRESRY, L TRH%r S B R84y 5SA VRS
B ARICGARIZAEEET N TR E L {278 Ni-Co B F
HBRREAT PR AL R E MRy KR (E4),
PRGN, EERERT RS BEHEXERE, e & 280N
TorlE, MY IR EERKT MM TEAN T 850 x
107° ~ 10240 x 10 ™° A BT E ", i B R E UL g 7
Y1, 4b F W 8 IR A ( Cook and Chryssoulis, 1990 ; Huston et
al. ,1995),

flE-F A6 B R & B A T 280 x 107° ~ 6870 x
107 > ja], W4 & & M 7E 250 x 10°° ~ 3820 x 107 2 [ 45 fk,
(F3), SHERHRTHIEL, BRI SRR TEANE
HEn, T EL ARk B 3% K, Co/Ni ER (8 L AE L3k
(0.08~17.18) (% 3), 7€ Ni-Co BB P B E S BRI
B, (B A e KL BB B R A SR GRS
(B4), BARHIERZERESMMA. T HEET Y
B GRHIERAGEARIE A R, AT IR I RLE 0 SR S IR
ERIEDHNEMRERR, 505 R EEEET ML,
A M- B HE T S B B RIR, KR
240 x107° ~820 x 10~ , A A M BRE RO H BIETHRT
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Table 3 Representative compositions of cobalt, nickel and arsenic in pyrites from Songhu iron deposit( x 10 %)
RERRY -k B HEY BRY%Y

"e As Ni Co Co/Ni H % As Ni Co Co/Ni A% As Ni Co Co/Ni
3 3260 600 1480 2.47 45 760 400 6870 17.18 1 470 28140 59.87
4 2070 4330 55 460 3570 5140 1.44 2 — 29710
10 4080 440 — 56 — 3820 1140 0.3 3 360 28490 79.13
12 3120 — 1690 58 1860 4460 2.4 4 — 25310
13 3650 — 66 310 900 2390 2.66 5 490 — 26590
14 6770 680 69 — 400 1710 4.28 7 — 1010 33360 33.02
15 3220 240 1350 5.63 74 800 460 0.58 8 — 380 26390 69. 44
18 2540 1710 75 — 69? 9 240 — 31110
19 850 400 — 96 820 520 2(630 5.06 10 360 — 23405
20 3500 420 1370 3.26 29 290 290 2210 7.62 11 — 15530
21 820 — 30 1950 3220 1. 65 12 230 660 24240 36.72
28 1220 — 1370 31 360 250 3220 12. 88 15 — — 26380
29 1020 640 — 32 _ 850 1510 1.78 16 340 9120 26. 82
30 1140 — 4790 33 _ 590 2710 4.59 17 — 280 19370 69. 17
31 4000 340 460 1.35 34 _ 3560 2560 0.72 18 410 — 9570
32 5690 600 4450 7.42 35 240 3670 1320 0.36 21 — 24820
36 2570 1480 36 _ 3560 280 0.08 22 — 20850
39 5620 4210 23 — 300 29480 98.26
41 10240 560 570 1.02 24 — 29830
98 4350 — 28 240 — 28370
99 5060 860 2170 2.52 41 — 23700

B4 A RS L EET 8 Co-Ni B (4 Monteiro
et al. , 2008)

B ERE R TR AT A RS =M SRR
Fig.4 Co-Ni diagram of different pyntes from Songhu iron
deposit( after Monteiro et al. , 2008)

anhedral-hypautomorphic

Circle; framboidal pyrite; Diamond:

pyrite; Triangle : Co-pyrite

FEHAREHB(E3) . ERALRT SR PHEy
RS RMNER TS HIEREERRA X,
SHMMmARET L, BT (TR NESEVE
B HAE A TF 9570 x 10 78 ~ 33360 x 10 ™ 2 j] , M Ap KR4
RIS BEE T 20000 x 10, H - H49{f 515 24470 x 10°°

(£3), ZAXEGTHEFE TR IS R&KY M, A1
LREER RS BT R TR TR R (3R 3),
HEGY AR EE S Co/Ni HE, HAEMTEE R 25.71 ~
98.26, 7£ Co-Ni EIffh FAR & S ¥ 78 SOl R B 8k 10
KN, B 5 EL T Sossego &k F ALY & K — B ( Monteiro
et al. , 2008) , Huston et al. (1995) 85X B/~ , 5 A WIESHE
KPR AL B IR & B KT 2 & IR AR (high-
temperature feeder zones) AR &, R BT RN RFET 2
—o WAMISKE RAS RSB M AFEE I T ARE R (1) e 8k
TR EZT K2 ER-S MR ZR, R T RN
-1 (2) BHR-SEA MAEWRER S, B2 kLA
) IESHIHIL, ot HE ke S 2R, B/ T 490
x 107, BHAMTRE R EBEE T B T RETW TR R,
EEAE KR A — B R E LR BIE URE 5 H A
B R AERME

BT TR WSS R /R EEM GRS R gk
SRR S MR EE SRR LB R
B 1% (B Sa) , 5 E B WBR T 2E BT 4Bk ML (B
Sb), WML RN, EWNBKY RBP4 AKY LR
ERD A IR B A S E R BRI R WY AT
HEEERT R H SRR, X ARRA RS
TSR R MM EAA BN REEK R, 5
LIE: 852 NP0 CRIBUE e 1 3 RS ] R U gl



1462

o i
x110 10%m W1

L T

FS  EMMEE IRe G s T R EE R & BSE El&

a-FH BRI (CoPy) Y HER T ( CPy ) G 40 BRoR WY R R BUIT 1R
(HITCETT I ED s b-Fh 348k ( CoPy) R BB (CPy) L2
DRCR MY B WA ( BSE |15 s o- 5 B BRH R PR i 48 B
MERT BT EmAME) - BT 2R ATE
BIE 0 &S 5% (BSE &)

Fig. 5

Cobalt surface scan and BSE images of ore in
Songhu iron deposit

a-Thiu vein chalcopyrile distributions along fine [racture in cohall
pyrite ( Cobalt surface scan and image ) ; b-Thin vein chalcopyrite
distributions along fine fracture in cobalt pyrite ( BSE image ) ; c-
Banding cobalt pyrite distributions along automorphic pyrite edge
( Coball surface scan and image ); d-Banding cohalt pyrite

distributions along automorphic pyrite edge ( BSE image )

HRBKAY BEA A LI BCR L R, B T Bk R - R
TR AH B 20 Bk 1) 74

5 Wie

MSAET IR =R BT B R AR i K 2R B 8
HERE R BT L A AR AY TR R kT, R B R
BIER & BRI Co/Ni {8, (BB BT KE B R N &2
A Co/Ni [hfl e THE B E 89, 78 Ni-Co F#F - H
B RS E T R ST KN (F4) . BREH
o s kT R SR By R AR T ESSER,
BR L EEREET S E ML Co/Ni LA N5 5 M
EERAEERR, XM RE TR EER, & E& T
B YER? MUARERY PR 50°C (BA AR %, 2007) , T
HHLTE R R R B R SR ST WEMIEEE 220C &
A X REARGT REER S RAERLR. 7 N-
Co FIf |- S 88 800 BB RE U0 B R X 38 55 R At T -2
EEESY FNESHPETELBRBKOBRE SEANK
HELES(E4). 7E Co-Co/Ni EfE [, AR EIMEE
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HHE(EG), XA EREET 2 RKT Wy AR %K
1 ANBEHES R, M H B S ER Co/Ni thER K,
AT FRIERENESR, EANHEER, Y%
MERERT 0%, LT ERERE, B MMERES
BH & B K (Cook and Chryssoulis, 1990; Huston et al. ,
1995) ., HHUCHERT, FRE R IR 4G 00 & B B T A SCAY I

PR B AT BT T & B R Co/Ni LhiE
FRIE B ST R Ry RS K WHRBH X v EE
IR HOLE B K2R R (BRITE S ,2008) . BET B &
B Co/Ni EU{ERHIEIE 7 , 20T PRERD™ 1L IR B B B
TR HIMCE IR L, WP W & T 220°C 7EAA Bk
FTRTIGFEEMRKAMBERA EIAT Y., Walshe (1981,
1986 ) M £RiR A VEr e 75 I 48 J1 27 0 SR AR Y [ R 4, g
POEHES S A AR RRT AR R EF R A
BASHRERERLR BT -ERSRAORS ISR
WEESAH ST REE KN FEBA. i Cathelineau
(1988) @45 T ek A FIOR M8 (ALY T B SEB R
RERZRALFNRT(T) = -61.92+321.98 (AI"), AL
BEA b 2B AT FEAR AR R TR A B TE L ( Bk
) BN T 270°C ~325C 2 0], B IRE T W BIRE,
ST HEESKT NRERE., 7 Ni-Co B#F ., 5—%
R R E e R SR R AR R Bk
DI, HIVEAE T DU B R X R (A 4) . PR b, i3k
TR ER S, B Co/Ni tE/NFE3) . WA s
BT BB S RAR tr AE B R Ak
B ZETHREMNSE X, Wl 58 HERSKT P EEN
HARRA 6 (ZE % ,2004a,b)

Y RMEEERE T H Co/Ni Hoflith k. &Ee
T EE 2 Co/Ni L U W86 IR /5 94451 4k
MR RAEERSAEE-KLESF R, B, 7E Co-Ni FfE
o AR IRAS T2 A4 40 5 L P B89 Sossego 2R 1k
YRR -4 0 IR S BRVE 7E R — X 38, Monteiro (2008) 1A
oy Sossego B IR FER Y & 4R 5 BERK A R T B A 3 B VDK
F, TE Co-Co/Ni Bl R HHHEBT MBREX RS EREY
TR BT R XA HE ZH(E6), BRE
TERZ AR RERGLY . BRI ER, SRy
SEEILA B S RAERN Y, B R REN
HAERHEATERE R, ST ERES Cu f1 Co FETHA
0. 14% 1 0. 019% , B B & T #b % 1Y 0. 036% 1 0. 004% ( &
TRHLSRA A FF & S5 88 1 BT K BA, 2007) , B AE—E
BRI R L5 8-45 1 1k 32 AR i b R 48
MR, WSy ERESHE—EL LW, B R T
HIEkT R, T /5 3132 25 2R VB PR #1444 8 R 1R DA 3R 38
YER T80, h T AR FE M 3R AR, T BURD RIS
S5k A EHE AR,
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El6 MEIT RIERD [ Co-Co/Ni EIfE

=80 R R E R B T - R R BT
H-F -850 W M SR E Y W -5 lF 5 Cu-Co
T ke

Fig. 6
deposit

Co-Co/Ni diagram of pyrites from Songhu iron

I-Triangle- Framboidal pyrite; formed before iron ore-forming;
Diamond-Pyrite formed at iron ore-forming stage ; [I-Diamond- High
Ni-pyrite formed at iron ore-forming stage; Ill-Rhombnsh ; Co-pynte

formed at Cn-co mineralization period after iron ore-forming stage

6 &g

(1) MABIRE R 2 JZ R 7 A1 S 8 B B 2 5 DO 4
KiLES, SHRE S &M, BET HBEEKTHSER
Co/Ni FEARNHE Wi , WA BR 07 PR B9 B IS 1 FH 32 K LU 765 30
Y, R—DEKINEE RHTUR B K, KL B E N
270°C ~325C,

()T MR B HEMUTR B, B K5 $1&m
THR-EEE AR R R T A S B R M Y, 1
BT AT L, SRR 4 & B & Co/Ni LLEFFAE
TR PN RS AR - A R S A KRB L

Bt A XHWERSMEEMBTRE SR H AR R AR
X 305 BUH M EMBEAEE K QIR KBET ™ EHhEIT AL
SRS M R BA B R 7 SR ZERE i 2 # B S0 FE P iR 2
ERRE BT M R 2 B 5 BT BRI % T EE AT ST
SRR B, 7E SO R P AR B BRI R BRI T TR
— I RN LS
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