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Characteristics of ore-forming fluids of Koka gold deposit in Eritrea
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Abstract

Located in the metamorphic strata of the Nubian Shield, the Koka gold deposit is a large orogenic gold de-
posit in Eritrea. The orebody hosts in the Koka aplitic granite, controlled by shear structure. The primary fluid in-
clusions in gold-bearing quartz veins can be divided into three types, i.e., extremely CO,-rich inclusions, CO,-
H,O inclusions and H,O inclusions, with CO,-rich inclusions and CO,-H,O inclusions being dominant. The ore-
forming fluid is characterized by rich CO,, medium-low temperature (210~360°C) and low salinity (w(NaCl,,)=
2.24%~8.51%). In the liquid phase components, the cations mainly include Na" and a little K, the anions contain
CI' and a little SO, the gaseous content of the fluid inclusion is primarily CO, and secondly H,O, almost without

any other gaseous content, and the fluids belong to NaCl-H,0-CO, system. The density of ore-forming fluid has a

- ZRSCAZ v b ST R A SR I H IR R R AR X IR 1P (G : DD20160109) 3 H % Bl
BEERN B UL, 1987 4R A TR, REAED IR S ERILFF5T . Email:286877542@qq.com
e HIE  2018-07-04; 2k 1El HIH  2018-09-03 . A ifEZAs it o



1338 N JZS b 5 2018 4

large variation (0.597~0.969 g/cm’), and the trapping P-T conditions of CO,-rich inclusions characterized by high
density can be estimated to be 260~360°C and 100~270 MPa, usually formed in regional metamorphism period.

Dy guow Of the fluid is between —57%o0 and —50.1%o, whereas 6”‘0H2O of the fluid is between 1.4%o0 and 3.2%o,
which suggests that the source of the ore-forming fluid for Koka gold deposit came mainly from metamorphic wa-
ter mixed with meteoric water. The filling degree of CO,-H,O inclusions has a large variation (15%~80%), and
symbiotic H,O inclusions have similar salinities and lower uniformity temperature, indicating that the original
CO,-H,0 fluid experienced fluid immiscibility, which resulted in the phase separation that formed a mass of CO,-
rich fluid and caused gold precipitation.

Key words: geochemistry, ore-forming fluid, fluid inclusion, immiscibility, Koka gold deposit, Eritrea
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Sketch regional geological map (a,after Tekly et al., 2006) and geological map of Koka gold deposit

(b, after Dean et al.,2010)
1—Basaltic diorite; 2—Rhyolitic dacite; 3—Felsic tuff; 4—Mylonite; S—Epimetamorphic rock;

6—Koka granite; 7—Gold orebody; 8—Elababu shear zone; 9—Sample location
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a. Early stage quartz sulfide veins; b. Late stage milky quartz veins; c~d. Characteristics of hand

specimens ore; e~h. Characteristic of ore minerals under the microscope
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Fig. 4 Homogenization temperature and salinity diagram of fluid inclusions in Koka gold deposit
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Fig. 3 Microphotographs of fluid inclusions in Koka gold deposit
a. CO,-rich inclusion; b. CO,-H,0 inclusion and CO,-rich inclusion; c. Big gas-liquid ratio values of CO,-H,0O
inclusion and H,0 inclusion; d. CO,-H,0 inclusion and H,O inclusion
LHZO—Liquid H,O phase; Vy,0—Gas H,0 phase; LCOZ—Liquid CO, phase; Veo,—Gas CO, phase
*1 Koka&W ARG ERABHMNEZERRSH
Table 1 | Comprehensive thermometry of fluid inclusions in Koka gold deposit
HS RRAE EARERL. N AU Y% AN lnco,/°C niodC i/ C 1,00 /°C 4,/°C w(NaCl,)/% #E/(g/em’)
KO3 TG Lep Ly o Klik 8-20 25~50 11 -57.0~=57.9 6.2~8.2 19.7~29.7 228.0~2953 3.52~7.05 0.613~0.787
13k Lo, Vi 8~16 5~20 6 -2.6~-15 220.9~288.1  2.57~4.34
Ko7 FLAE Lo Ly o, kit 824 25~80 11 ~56.9~-57.4 6.6~8.5 18.5~29.7 231.9~318.0 2.96~7.54 0.597~0.793
Ak Lo Dl 812 5-25 6 -28~-13 212.4~280.0  2.24~4.65
KO3 BHH Lo Ly o0 KE 822 30~70 10 -569~-57.9 5.6~8.0 16.9~26.8 259.2~309.4 3.89~8.03  0.672~0.806
ek Lo, . h 6~12 5~10 10 -568~-57.9 6.8~17.3
KoLt BHBE Lo Ly o Beb 8-16 15~80 11 ~56.7~=57.9 5.7~7.8 19.2~30.1 280.0~366.2 4.26~7.87
&7} L, Kit 816 5~15 9 ~56.9~—58.0 -2.3~172 0.805~0.913
KO-16 B Lo, Ly o0 Dl 620 30~50 14 -568~-358.1 5.8-7.9 19.9~29.6 2352~2953 4.07~7.70
ek Lo, Kl 6~12 5~20 10 -567~-582 -4.9~18.9 0.757~0.951
Ko7 FHH Leg Ly o,k 1024 30~80 14 -56.6~-58.0 53~8.0 10.6~29.4 238.0~305.4 3.33~8.51
ek L., kit 6~14 5~20 13 -56.8~-58.0 ~4.7~16.4 0.812~0.969

T T, 0, —COL MIRMRLEE s T, o PR AT BE 51, 00— TE T ACIRIL 31, 0 —CO, AP ML 31, — 58 24— L
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Fig. 6 Laser Raman spectra of fluid inclusions in Koka gold deposit
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20 75% A A, 1 By B A i A ik b Co, & &

WA 53 e, BE R B 40 e ik 51.6%. 4

2 Koka&#H KRAEBEESERS (%)
Table 2 Chemical compositions of gases in fluid

inclusions in Koka gold deposit(%)

LR TATBA B S 7 40 (7% Nat Ay it A e 35 22 1) B
B, A o 5.22~15.06 pg/g, A A MR K S
Ca', 1T F2 M Cl, 558 5.99~17.71 ng/g, &
TR Y SO, -, WA TP Y Na /K Ho A 12.75~28.96,
CI/SO; ™ Al K 11.51~53.67, Uit 1A v 5 e 1 8 1ok
JEA R T T 20 R 5 (K 3) .
4.6 S. &\ EMLERSH

X} Koka 48 6 {41 S g™ W ke S ili 47 T & A

S MO €O, O M W 760 400, WSS 8 F e 4. WEHTT LI i
KO-3 0.741 0.259 <0.01 <0.01 <0.01 SD {Ej{l — 57%0~ — 50.1%0,5?@’43 E(J SIXOV_SMOW{E%’
KO-7 0765 OBRNA G <00l <001 9.0%0~10.8%o, HA A ¥y — o I FH LA™ i A (. 22 1A Y
KO-13 0.797 0.203 <0.01 <0.01 <0.01 %i’aﬂjg{mf“iﬁﬂﬁy& 7J(12|§§\¥LI_HJ?ES’Z1§I j:T
KO-15 0.595 0.405 <0.01 <0.01 <0.01 2 5180 = 5! OV»SMOW — 10001nO —_— 5! OV—SMOW _
ROI6 03260 0474 <001 <001 <001 3.38x10°T2+3.40(Clayton et al., 1972) , }I F 43 £ 5
KO-17 0.484 0.516 <0.01 <0.01 <0.01 E% ﬁ@]éj\”E”BF@IE’J(MZIK 3180 7J<{E1 4%0~3.2%o0.
R3 Koka ¥ Kk BREREM S (w(B)/107)
Table 3 Chemical compositions of liquid in fluid inclusions in Koka gold deposit(w(B)/107)

i K Na* Ca?* Mg?* Li* F cr S0;” Br

KO-3 0.47 8.06 0.08 <0.01 <0.01 <0.01 9.62 0.50 <0.01

KO-7 0.88 11.22 0.10 0.02 <0.01 <0.01 15.63 0.50 <0.01

KO-13 0.52 15.06 0.16 0.03 <0.01 <0.01 17.71 0.33 <0.01

KO-15 0.18 4.74 0.09 0.02 <0.01 <0.01 5.99 0.52 <0.01

KO-16 0.31 6.24 0.07 <0.01 <0.01 <0.01 8.36 0.48 <0.01

KO-17 <0.01 5.22 0.06 <0.01 <0.01 <0.01 6.52 0.56 <0.01
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F4 Kokae ¥ KSEREMEHN
Table 4 xygen and hyrogen isotopic date of Koka gold deposit

RS Feandliid W 0Dy /%o 80y o /%0 810, ,o/% IR/ C
KO-3 FlEMa%pk Ak -53.1 10.8 32 280
KO-7 FlEGA%NK Ak -54.1 10.1 2.5 280
KO-13  fshifbhk Aok -51.2 9.0 1.4 280
KO-15 fshifbhk Ak -52.5 9.7 2.1 280
KO-16 fsfifblik  fd -57.0 9.0 1.4 280
KO-17 ik s -50.1 9.5 1.9 280

5 W ®
5.1 RH R R SRR

Koka &1 K& & & CO, MR EIk, R & &
A Kk CO,-HO B A K /D i (R K ALk, ™
TR AL ZE AR B o0 LAy B AL 24 M TR 52 6 B, Ko-
ka G R BLH i M4 S A - B IR (210~360°C) |
Hr IR JEE (w0 (NaCl,,) =2.24%~8.51%) BYHEAE . i 1A
FHE FFE AN Na 50 R K BT Cr5 4
SO, , AR EH N CO, 5 H,0, FHEAR & HiAl <,
L4y | Wilk R NaCl-H,0-CO, & Z& . TEAS WK BF5E 1Y
B, B BA A CR A TaLA R, 22
KB & CO, AR I CO,-H,0 i B A, FEAR A& £
IKALBEAAR, CO, & B, TR T b 2 i B B Bt 2L
APk 3238 & & CO,-H,0 {314 5 Eh /K £, 32

o Koka4: 7" HEZIN

I S, 4 /
MF K /
{7:} LW //
L]
£ 60f % /
2

Ny
-80} N
4/
/ﬁ"/
100} €/
/
/
-120} /
/
/
~140/__ . ; ! . .

=15 —10 —5 10 15 20 25

0 5
50 /%o
El7 KokaZ: AKMH ik sD 5 80y [ = A K
(Jis # g Taylor, 1979)

Fig.7 Plot of 8D versus 61SOH,0 values of ore-forming fluid

in Koka gold deposit(base map after Taylor, 1979)

I, 5 R Bof S Ak o kA e H,O B .
LR O 45 R, CO,-H,O f B R K e T4
K EMR A B Y — IR R B . BARTERFA A
DI 2 2 A MR VI HI 56 R A RIRFRE Y R
W, F B B A et ALk v 1 & CO, AR T #5208 T
WA ARG AT, 103 5™ B B AR ARAE , 3L £
A7 Ik D) BT R 8T I A T Ak B B

1 SRR 2 A T 45 3 (£ 4) AT J1, Koka 40
PR 1A 8D U FBI7E —50.1%0~—57%0, 530 7K {1 [
TE 1.4%0~3.2%0 , 15 E P 1 T 5'°0 1 -0D K R (K 7)
L R B SRR T A R AR BUK EUR A
K DRI, BB B R E R, B AR AT RS
BIK CERK GO mRRBEKIRE (K 7). —i&
F T AT AR B K A R B R LA B L A
A K/Na' HfE ELRAR EREE w (NaCl,,, ) >30% i, Al
A SR 0 0] B T AR B A 2 O R Yl Bl bR A (i
2555 1998 5 14 [HF-%5,2016) , (F/Cl) <1 N AT fig
B S M A R AR B I (B 3256, 2015) .
MR PR AR T A £ AR B 50 43 BT 45 2R, Kook 42
W R A F AR (Na/KH)>1, (F/Cl) <1, H.3h B4
% AT G MRS I BB IRRIE | W7 B AT
Al e IR T AR B , AR R K IR G .

HE ST, BTREAFT-55 LU Y 1 i v 3 ik 78
SRR AT A v AL, &b =P T
LB BE (B4 ,2015) . Koka 48 RPN M2 512
FEHALE LY b 3G A 8 LA SR 3 LB 4 IR (1) G
4,2013), WFE IR ST KEAKERE E Co,i
R HRAE (Groves et al., 1998 ; Goldfarb et al., 2001 ; 4
T 5EE,2007) , TR T BB I 1A (8 A U 4 BTSSR AR K
(Hagemann et al.,2003; Goldfarb, 2004) , % T B4 Jiit
RHE CO, MRERE VB AL R B A S A
SRR, DRI 22 B8 0 1) AR B I A4k 1 RS
ML 5E 2% U A4 (Groves et al., 2003 ; Goldfarb et al.,
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2005). Koka &4 RMA ik CO, & i, EhEERAAIR,
5 R R G0 R ARRIEZEfBL, (H 810 & AT
B AR TR ARRRAE (— R 10%0~20%o0) , 3 AT fig /2
TR 12 38 18 1 5 A o 3R Ak 27 BAN R] | DA
L3RRS KGR BNRHS 5 ™ IR & 55 R &R
H AT A AU R 2R AE R, AT FE R L ik 810 A
F 6%0~11%o 2 [A] (McCuaig et al., 1998) , Pi i Yilgarn
& A 80 18 2 N 3%0~4%0 (Hagemann et al.,
1992) o WA AL FIRFHARILTER , 7 F 55 Lo W Hb & o
HRAE A 2 P A Tl £ K 5 Koka &0 IRHEA
FEACLAY AT b TR AIE , oA DA Ay 2 32 B T 42 il 4%
JET IR LAY IR (29 AE 20125 7R JLAR SR, 2015)
It HIZW R A R AR R B CO, A
AR, RIS A AATE 5 LU W i L &R 3R A ) Um
Egat 41/l Dungash £ A7 K it i B (Zoheir et al.,
2008) , X ISR U T &0 R IS X3
AR Ji 3k R AR ) i B CO, T 6 (R LR AE,
2015), P, Koka 48 R AT i 1A 3 A48 125 ot
T AR EE R R AR K BT e S S5,
52 HRBE R

H AT Ry 3 LAY 6 40 PR 4 B TCTE LR 3 WL A
i AAE ] B A4 A 23 25 DA S 0 BRI 25, HoAthids
AR A RALAE % HLTH (Goldfarb et al.,
2005) . K4 UITE S 85 M m A i P Bk 2 5
PR AS AT o Koka &8 RIS I 1A v & Rt e
& CO, LR, il 5 CO,-H,0 Rl fu ks P A
CO,-H,0 R4 F A ) CO, H M 40 H A8 (b 3 FAR K
(15%~80%) , =B T BT AT B2 Fh R AR AN TR AV
. CO,-H,0 T4 2 {4 1) 45 B 5l A2 Ab 3K (w
(NaCl,,)=2.96%~8.51%) , 5 A i K AL B2 0K B AT A
I ER S, BB BT S R A DC . 5K R
FHLE , CO,-H,O AU i 7440 22 1A 7 s i B vy 1Y 3
— i X0 E 5 AR 1 R R A K (Roedder,
1984) o Ui A4 B ASTR S (45 0 46 19 CO,-H,O W AR 1)
RAAAGT BTG T B R R CO, R LR IA i
AR AT REAC R T &0 1L i 19 59 J5 4R 14 (Chi
et al.,2006) . X T3 LAY G 87 PRI 7, B AR —
5 h NaCl-H,0-CO, 1K % , 4238 % LA Au(HS), JE T
# (Ridley et al., 2000; Phillips et al., 2010) , i i
CO,-H,O [ANIRIA , AT AR YR 8™ 4 ) AR SF- i , 5+
ot b 4 B 255 W Rk A oy i T AR S 4 Y DT TE
(Coulibaly et al. ,2008; fEZ£4% ,2017) .,

Koka 4" P T B 512 A %5 bbb i 34 A= 75 1L

AR, e A B Z U i R (1 845, 2013),
DX i A P AR B R CO, 7R LA, 7E T IX
R BT UI A R R AT ) L IE R B AR R AR R
AR AR BIR A IF 6 AL T R i )
BT, TR R B, IR AR CO,-H,0 i dk h CO, 1R
fift & AR , CO, 5 K I WO IRIEVE T, S B0 20
FEE YRR CO, TR 57K, Koka £E 1) 4 5 21 1 45
o BE A Pl AR AT AR R B K B N 6, CO, TR
AERTHE I, U 1A SR JEE AN T, pHAH X KR, (755
BB AW, E B R EDONE , R, KA
& CO, LRI AL AT LK o

6 4 it

(1) Koka 44" R LW i A 2244 2 th R 1
& CO, i HK . CO,-H,0 fLZL 1R K /b (1) /K A0 22 1k
. B AR SR B R CO, . IR (210~
360°C) . (K £RJE (w (NaCl,,) =2.24%~8.51%) I ¥
fiF, %5 BE A T 0.597~0.969 g/em?, Horh 5 CO, (5514
AR/ P-T 2644} 260~360°C . 100~270 MPa,

(2) M B2 AR A3 B 98 R W, AR P BH % 1
EE O Nat 50 K BB 7o CH5 048 S0, , K
AR FE N CO, 5 H,0, A & HAl SR 4 5%,
Jidk A NaCl-H,0-CO, K %

(3) Koka 48" R L& & & CO, AU 4K HF
fiE, BB A4S 149 8D Y B R — 57%0~ — 50.1%0, 80
0 Bl A 1.4%0~3.2%0 , 25 A X 3 L 76 35 | [ BB PR B ™
FARERHERT 5T 45 5 , A Koka 4 R BUA 7 A = 2
RV T AR AR, I A KK TR A

(4) BB il CO,-H,O f B A A A s A7
FIRAK (15%~80%) , HERFEME ARkl oK, 52 3k
A= 1 HyO A B ELAT AR AL 9 56 1 DL R A IK 1) 35— ik
JE , ZRWIRIER Y CO,-H,O BRI A T NIRRT,
WA A5 e Koka £ R4 1) B THENL o

EF O AN TAESR T E L BT Koka 42
B Y i T A2 00 Yosief Tadesse B9 K ) 235 5 5
By TRV, 32t o i oS3 S IR BB R L .
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