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Abstract: Longhua nickel-cobalt mine in Jinxiu, Guangxi Province, was a newly discovered high-grade nick-
el-cobalt deposit in China in recent years, ore body of which is mainly controlled by the surrounding rocks
and east-west fault, but the genesis is still highly controversial. Based on the first observation of the "fern-like
zonal texture" which is common in five-element vein deposits, this paper compares and analyzes the critical
aspects of source of metallogenic material, the source and nature of mineralization fluids, and the precipita-
tion mechanism between the Longhua nickel-cobalt deposit and five-element vein deposits, and proposes that
genetic type of the Longhua nickel-cobalt deposit may be a five-element vein deposit. The metallogenic mate-
rial came from Cambrian strata, the mineralization fluid was dominated by basin brine and superimposed on
meteoric water precipitation. The black carbonaceous mudstone-siltstone was the reducing barrier that trig-

gered the precipitation of ore-forming materials, and the inflow of primary pyrite and CH.-containing reduc-
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ing fluids was the direct factor leading to the sedimentation of nickeline and other relevant ore-forming mate-

rials. In particular, the formation of the symbolic "fern-like ring structure" may be the result of the slower

thermochemical reduction of sulfate than arsenite in the fluids under specific pH conditions.

Key words: Ni-Co deposit; Five-element vein deposit; Arsenide; Sulfarsenide; Nickeline
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Fig. 1 Schematic map of five-element vein type deposits occurrences in the world
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Fig. 2 Regional geology map of the Longhua Ni-Co deposit in Jinxiu County, Guangxi
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Fig. 3 Schematic cross-section of the Longhua Ni-Co deposit in Jinxiu County
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Fig. 5 Mortar texture (a and b) and brecciated structure (c and d) of niccolite from the Longhua Ni-Co deposit in Jinxiu County
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Fig. 6 “Fern-like zonal texture” of nickel and cobalt ore from five-element vein type deposits and the Longhua
Ni-Co deposit in Jinxiu County
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Table 1 Electron microprobe analyses of nickel and cobalt-bearing minerals from the Longhua Ni-Co deposit( % )
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Fig. 7 BSE image of nickel and cobalt-bearing minerals from the Longhua Ni-Co deposit in Jinxiu County
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Fig. 8 Contact relationship between niccolite and host rock (a) and micrograph of pyrite from host rock (b)
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Table 2 Comparison of geological characteristics between the Longhua nickel-cobalt deposit in Jinxiu, five—element

vein type, sulfide hydrothermal type and black shale ore—bearing nickel-cobalt deposit
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Table 3 Ni—Co content of Cambrian strata in Dayaoshan area and the world ore—bearing black shale
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J%E K Canol H T & 55375 264 Gadd and Peter, 2017
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LLAO3K 1 BTl 7 1160 130 AL
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7319 Kb 4627 10.38 FEBEARS, 2013
731-10 k3ib A 10.71 3.66
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(IM(S:0:).1 ) S8 A AT 1L 4% (Liu W H et al.,
2011,2012; Tian Y et al.,2012) , H: P #B43 45 A 478
b KRR A TEAR B Ry L AR X AR
H 2H & B B A SRR R ER T ), U A 46 i
T SO

TEHAWVF Z PR BV B b SR FRER A A EAE
VRTS8, 4N, V5 IR IE Yilgarn b
$L 38 i) Miitel B T3S B0 K (Le Vaillant et al.,
2015,2016) 1 Bou Azzer &4 #" IRk (En-Naciri et al.,
1997) AR il 57K 55 BR IR R 5335 B R 4 o AH LA
A COS A HCO, 38 Bt 451 T BUR A Ni Al
Co %5 1 43 J& ZE BUH 3% (Bischoff et al., 1981) o 7E %
AR ER AR OLT , MAHEJZ i A2 N 5 25 5 1
IR (~ 400 °C) (Reed, 1997 ; Pirajno, 2009) {HZEAR
P25 H ZHEF SRR, LR IR B Bk ) R
AT (1€ 8a) , A E Sy il s Hk 0 X g b )2 v
W iR Bk = JE 0% A BB Eh 5 o PRI , AR SIS J80™ i
P Al fEAEAE HCO, B COs , (H A S 52 7k 3k
Ni il Co P A o S A8 HILIC A T DA A AP 7 4
7 Ni B 3£ % (Tepper et al., 2001 ; Borovikov et al.,
2008 ; Greenwood et al., 2013; Gonzalez-Alvarez et
al.,2013)  fH N SCHEF i Mg 22 14 v 1) CHL AR B
W IAER TR, A HLIC A 26 G W0 Je AR B ™ B
ORI ENG B N

R ) A8 B A SRR TTVE B B 2™ )
Z AR, QAL RS I B A AL
Y1 # K (Jiang J Y and Zhu Y F, 2017 ; 25 {43 &
2018) , X IR 54 75 Je AR B AN i AR AL )

(AT 2H A5 AN TR S R4S H R B i A (R A o 452
W R RRAE A HR IR 25 R 5 VR X S B B ) I £
YER B A AR e PRI B i AR p A e
FH KR ) H:AsOs B AsO,™ B 2 AU il 49 (Mark] et
al., 2016) . Testemale et al. (2011) 7£ 27 MPa
300 °C 1) As-O-H 1A 2 (1 a0l g8 51 As™ &
P ASOOH): BL &9 £ 5, As™ T2 As(OH):
S o [ N A P A 3 o BT UE S, 5
IR (H.ASO.S ) R Y S B 1T LR ™ 4 & 5 1
Bi &, i1 As-S-M X A4 #4745 /8 4510 T R AR
HIE AR E LAY , SO RS 1 B A R AR A
A4 JE TR W HERAL AR p 4 i T B
(Liu X D et al.,2015; He M J et al., 2017) , . H %
HAEH AsH R A B B b B4 T EEAEA
(Ondrus et al., 2003) o AL, A SCIN R 4 F5 840 0
BT AR DR &, 42 JE Ni Fl Co 3 F 2 DAt
TR A e TR

MR8 O A 1 It A A L AR BSCHR R N R B9 9%
E AR SCHEIN e I8k R B S A M A b i K AR R €5
P - b e R0 R S AN SR A i o
I v R B A A R K T, FRRGE
4 3 8 €0, T W 2 B 3 i, e Il AR e T g
HRABERBIIA

6 B LTERLI

H AT E AT HOT R DK™ R Y1 T vE LI
FEA LUT LR AR : (D) b B s 5L B xi k5 R
EKIRE T BAEHI (Kissin, 1993 ; Marshall et al.
1993 ; Marshall and Watkinson, 2000; Essarraj et al.,
2005), S P EUIE ; (2) 5 EWEMEY AR
VRS R LA s L Fe v, i dd COL%
B, AE ALY AT B AR YT UE T A bk
g £ Bk A7 0 ) (Naumov et al., 1971) ; (3) i@ 1 75
Fe* Wk I 7 i JC 2R A, S BUE ) AN
Ak, Bl S & AR E B A (B0 Fe* 5% UO,™ ),
FE AR BT AL B 7 41 (Ondrus et al., 2003) 5 (4)
L5 Fer B WA T AT R 2L B T AAE I
TE R A 2R 4 @ AV AL a4k ) 7 91) (Robinson and
Ohmoto, 1973, Kreissl et al.,2018) ; (5) &4 Fil/=k
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A BB B B S A, TUE AT L ARG R Tk
Yy R AL B 4 A (Kissin, 1993) 5 (6) Markl et al.
(2016)EEAIR T FE B HOT R IR P Rk 4G
P FVER A i Ak i Ak e 1) A 48 T3 SR At
& pH {8 514 ; (7) Scharrer et al.(2019) 1 Burisch et
al.(2017)$& i AR T R btk 2 S sk &
Py (a0 CH,) WA 5 5 i i AR G i 25 3, 5 )
FEIE & Bk .

Xf o B RN RITTREAL ] K B < b AR 2 o
KA IRIE LA SROC R - I P S AR e R
— o IR S P AT L 2k 22 7 S B, 490 i i
ALY A5 H &R YR i Fa e
NG o 30 S5 T EL A BIALE AT LS i 7 A )
SIATAVE S AT AR L RS S B I8 A
FHR AT A= 284k o An e SR 1 7K 3t 442 (H.O-Na-
Cl-CaCl,, 200 °C, 50 MPa, = £k J& : 25 wt% NaCl)
B DL HsAsOs 588 AsOs™ I T 2UAAAE (Markl et al.
2016) fHIRJ5E AT LA A RS (U A, As®,
As™) o [Rl I, el A 2 T SO Ui A 1 PR R & LE
A, TS 440 (A 1 B O U - e 4h ,
JCFR WKL PRA AL ) BT BGIR E ZE A [0 PR 22 1]
225 AR K (50 °C ~ 400 °C, Bouabdellah et al.,2016;
Markl et al, 2016) , iIX R B FEIRI %A )& TIT R Ik
R RIS EER R

TE— 48 [0 R PR AL K, 4n i £ K Co-
balt-Gowganda , Echo Bay #l Thunder Bay 1 [X 1 &
1% 5F Bou Azzer, i A 4514 /i H AN [m] 1 43 1
2 J B Ak W i 2 o PR AR A ) B0 R AE (Pe-
truk, 1968 ; Robinson and Ohmoto, 1973 ; Franklin et
al., 1986; Ahmed et al., 2009) . A SZ 56 i 5Z M i 1k
Y—wia e — B o AL i s A A KPS RALE
AR R U A o At R 1) #2735 SN TAR
(Thermochemical Arsenite Reduction) kb fi 2 £k 11
Ak 2734 5 2 v TSR (Thermochemical Sulfate Re-
duction) B e 3k 14 (Allin, 2019) . BU7E IR . pH
(B FGREE TRy SRR R 0 25 AF T A R ER LA
P A R R HAG SR 30 it A i B (s i A v B el
DUVE LA o 4 75 Je AR B A 0 v ZL AP ER T (NiAs) Fb
FRITE AR T B — PR R B 0K €8 B W B R4 (NTASS ) -
HERHES 1 (CoAsS) YA, WIERS H& BT

BREAH YA -, AR SCIR 2 BRISCR IR 45497
TN A A SRR ) 25 48 T BE S TR F [ 4%
T (Fanlo et al., 2006 ) , B A7 1) & B i (4 2 5 s A At
ey iy a5 3, RNy AR 3k - NiAs (LR 1) +
H,S+1/20,—NiAsS (FERUER ™ ) +H,O . {H S A & fif
TR B BRI A [RIRE T ZERR PR i B
FHAh FOC R PKIA R—AF , & B 5 S A i et A
o =2 T AN [i) P D 3 2 T o R R IR 2 4
M EEE R

B T 25 R 0 B AN [ ) 3 D el 3 T
TRIG“BRASIRIPHFLEFY” , & e A HH B ) 5 VR
i A TP AR Y pH (AR ] BERZ IR T UTTER 0 B ik
13 o T SR A P v A R S A A A T
), Bl AR AT, R AE pHAEREAR A1
BUN A BT LUE B 4 75 R A8k i v BT DL i 41
IR — AR (B 0 8 Ak P 41 (14] 10a) AH AN AR
WA HAFR MR AR I A, Jeik AR AR 1) pH A
PAZ S B AL, 1T 25 5 AR AL
U, TR AR ) 06 L A B A T RE AN K
BB SR NG Rl i v (1O (S S Sl = R D) N
B EAE R HEL T, pHAERRAR , o] DAY 21 i
W MERPEL (B4 B3 A0 7 51 AE RS | BRI E
A, JCIeHE CHLIA & Fe? 1E iR S5, YR 250t
VE MRS (BB (2] 10b) o PRIk , J5c ) RE A0 175 10
JEE PR AT, BB T E S EAL A [
B 2 CHL A8 I8 JE M I AR TR, 7638 24 1 pH(EL
MR T HAT LU - MR R () 1 Ak
JFEHVERAE B BCIR & A (2] 10b) SR SCE $R 8 4 55
T AR BT AL 5 AR R R Bk ST e S8 T
P10 B S G W 25 e T L 5 T TR
FERH LA X R s s Ve i LA A
AE SR EA B R AR (5 1) 1k
Ah RAE TN Sp R BES1AE  PRR B B BRIR SR
W YIE R a8, A & B S8 B 5 AT HL
A ER (AN i 46 ) AR H A fe ™t A e ik b &
BT A E CH TR A X R BRI A -
b LT R PKEI RIS, & CHL IR IZ 0 IR
TE e ) 7 E A R (] 11 B R A g
B, 475 e ARER AN 1A T B AL G 2 KB IR A 2%
B AN NS — B 1) FOG R BB IR
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Fig. 10 LogfO,-pH stability diagram of sulfur-rich fluid (a) and sulfur-poor fluid (b)
5| B Scharrer et al.(2019)
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Fig. 11 Schematic diagram of mineralization due to reduction of

the Longhua Ni-Co deposit in Jinxiu County
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