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ABSTRACT : Mineralogical characteristics of Cu-Co ores from the Central African Copperbelt in the
Democratic Repblic of Congo are studied using powder X-ray diffractometer, general area detector
X-ray diffractometer, and electron proble microanalyzer. Black ores are mainly composed of hetero-
genite (cobalt oxide/hydroxide mineral) and malachite (copper carbonate mineral), whereas green ores
are only composed of malachite. Heterogenite shows very bright white color under the reflected micro-
scope, and belongs to 3R polytype, because it has d-spacings at 4.39 A and 2.316 A. Since NiO and
Fe;Os content of heterogenite are lower than those of 3R polytype from other localities, it cannot
completely exclude the presence of 2H polytype in heterogenite from this study. Malachite is light grey
color under the reflected microscope with approximate chemical formula of Cuy.97C0002Fe”"0.01CO3(OH),.
Heterogenite and malachite were probably formed at the supergene enrichment stage, the last
mineralization stage in the Central African Copperbelt. Cobalt seems to be much more enriched in the
black supergene (oxy)hydroxide ore than those in the primary sulfide ore.

Key words : Central African Copperbelt, general area detector X-ray diffractometer, heterogenite, 3R
polytype, malachite, supergene enrichment
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AA FHE v ZFe IUE FEFOT
3t 6605 EOE F4tE |, T FF 8 (De-
mocratic Republic of Congo)°] AlA wlj7g&Fe]
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FA Y FLE FFEHE 0.5~1%°] th(Nakamura,
1942; ¥HE-<= 1973; 1ol 1990; Yun and Youm,
1997, &7, 1999).
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Fig. 1. X-ray diffraction pattern of black and green
ores.
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(19 2).

EH AU Edl= 3RF 2HY F 7HA tHE
(polytype)©] EAI3t=H], 3R o] YEHOZ Hol
AZHT E Aol T RYL tha L F
o] 9art Qe wete, 2HE S BE 9] 3a
7} EA8H, 3REL 232 4 B4 A3 93
7F UAR, 2HE S 247 R FToAM 3 A=
a7t e A T o838t FEo| 7Fs3tHCooke
and Doan, 1935; Hey, 1962; Deliens and Goethals,
1973; Llorca and Monchoux, 1991). &A|71A <&
2 FHAHZAYCIE F FARFFETY HET}
(Katanga)°ll A 4F&9 A& 3RE©] A (Hey, 1962),
AJuK(Sheba)oll A H1E Z1& 2HE o] Th(Deliens and
Goethals, 1973; Deliens, 1974). FZ# T o}ol A
Ad7H HHZAYCEE 3R 2HF ] E3H]
o] 9lth(Llorca, 1993). o Aol AE-E AF9
7352316 A FollA A3 A3t e AR

0 20 30 40 50 Hol 3Rg o2 FGHT 3RY FHZA| o] EQ
s e 7% 439 A FAE (003)Hel, 2316 A A

Fig. 2. Gene.ral area detector X-ray diffraction pattern = (102)He] g
of heterogenttc. Ao 4 AAATRA7) Faedn
(BSE, Back-Scattered Electron) 0.2 ##3 7
Co FAFEC A ZAGeIES} Ao dAgth ¢, o] FEo] AFHAY Ee Y 242 9

Fig. 3. Back-scattered electron image (BSE) and X-ray maps showing the distribution of some elements in
heterogenite showing psudomorph.
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Fig. 4. Back-scattered electron image (BSE) and X-ray maps showing the distribution of some elements in

heterogenite showing colloform texture.
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Fo] 259 A7} & 19 AAIFH Ut Co0s9
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NiO, MnO, MgO, Fe,0:9] &S 7+zk 320~8.31
(BT 537) wt%, 0.09~3.84 (HT 2.21) wt.%,
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ARIFF3= ] 7187} Xl‘*oﬂ*i AEEHE
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Table 1. EPMA analysis of heterogenite

1 2 3 4 5 6 7 8 AVG
C0,0s 75.05 71.10 70.17 71.76 71.70 72.21 71.53 72.51 72.00
Fe,Os* 0.47 0.07 1.64 0.34 0.94 0.00 0.00 0.06 0.44
CuO 3.68 3.22 3.98 6.25 3.20 7.07 8.31 7.28 5.37
NiO 3.59 3.69 3.84 3.03 3.15 0.09 0.11 0.14 221
MnO 0.15 0.04 0.47 0.17 0.20 1.48 091 1.70 0.64
MgO 0.34 0.23 0.23 0.11 0.23 0.03 0.00 0.00 0.15
Total 83.28 78.35 80.33 81.66 79.42 80.88 80.86 81.69 80.81
numbers of cations on the basis of 1.5 oxygens
Co 0.923 0.930 0.898 0.908 0.923 0.921 0.916 0.917 0.92
Fe 0.006 0.001 0.022 0.005 0.013 0.000 0.000 0.001 0.01
Cu 0.047 0.044 0.053 0.082 0.043 0.094 0.111 0.096 0.07
Ni 0.049 0.054 0.055 0.043 0.045 0.001 0.002 0.002 0.03
Mn 0.002 0.001 0.007 0.003 0.003 0.022 0.014 0.025 0.01
Mg 0.009 0.006 0.006 0.003 0.006 0.001 0.000 0.000 0.00
Co/SM* 0.89 0.90 0.86 0.87 0.89 0.89 0.88 0.88 0.88
* Total Fe as Fe,0;, SM = Co’'+ Fe’'+ Cu + Ni + Mn + Mg
wt.%)$ Fe:05 (B 0.4 wto%)ye F 39 1 .
s y o Heterogenite
Ao gt o] m|Fo] & u e EA| o]
EL 3R¥0] FE o] TAY, REHOZ MEE Cu
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BT} OO ABES o] $3k B&Ael AT 5 ' 2
635]010]: %@}—t:?_ e §:_]— 2)\11]- ® This study
O New Caledonia
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Fig. 5. The Co-Cu-Ni ternary diagram for heteroge-

nite from this study and reported occurrences.

*New Caledonia (Llorca, 1993), Sheba (Deliens,
1974), Katanga (Hey, 1962)
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Fig. 6. General area detector X-ray diffraction pattern
of malachite.

o2 BBY A%, o] FEo| WA

T
-
Z21S o]2H, 7| YEE 1.5 mm ©
< & 4 Utk EPMA XA AEY A3 2 Ay
& a

%0 10 o T K H Y o2 o

AAAuEA 712 AA G FEA o gk %
A AR} BHAE ANE Asto] AL 7 Yol
9 FA7F & 20 AA O ATt Cu0Y FF
62.03~75.51 (BT 66.49) wt.%°|™, CoO, NiO,
MnO, MgO, FeO< &2 27 0.02~3.80 (B
0.68) wt.%, 0~0.06 (H 0.01) wt.%, 0~0.06 (¥

7 0.01) wt.%, 0~0.06 (BT 0.02) wt.%, 0~0.47
(B 0.10) wt.%olt}. olgjdt 4 Az HE A
A F4 T Cwh AASE HlEO] 99%EA, TjH
B A8 Yes & F T Hit ARER
1

T3 3}5HA 2 Cul.97C00A02F62+0401C03(OH)2O]‘:]'-

[e:ni)

24 9] o] 222l 83H] CupCOy(OH)l
o} $- 74742 gkolm, Cu thalel wEke] Co, Fe %
' al

o

T BAREL dEZA Ve ES
, Ol (hFatEgEs daddE
& Well 4oz wiejd Fah/aketsd

EE9] 3 e HAMERZ EAFTHRoskill, 2007).
AL Rt o g e B Agtol A 3t
A dAE =, g 719 T8 B T
Aol MEQto 2 oAAZIY. IHEE FYot

7], 78 337, W B 3 2R 5 4
Al

N

12 FE3I9HSelley et al., 2005; Dewaele et

Fig. 7. Back-scattered electron image (BSE) and X-ray maps showing the distribution of some elements in

malachite.
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Table 2. EPMA analysis of malachite
1 2 3 4 5 6 7 AVG
CuO 66.29 67.30 75.51 65.06 62.03 63.85 65.36 66.49
CoO 0.02 0.12 0.06 0.30 3.80 0.19 0.30 0.68
NiO 0.00 0.00 0.00 0.00 0.06 0.02 0.00 0.01
MnO 0.00 0.00 0.00 0.06 0.00 0.01 0.02 0.01
MgO 0.01 0.00 0.05 0.00 0.02 0.06 0.00 0.02
FeO* 0.00 0.00 0.00 0.03 0.47 0.21 0.00 0.10
Total 66.32 67.42 75.62 65.45 66.38 64.34 65.68 67.32
numbers of cations on the basis of 4 oxygens
Cu 3.998 3.992 3.991 3.974 3.721 3.964 3.979 3.946
Co 0.001 0.008 0.003 0.019 0.242 0.013 0.019 0.044
Ni 0.000 0.000 0.000 0.000 0.004 0.001 0.000 0.001
Mn 0.000 0.000 0.000 0.004 0.000 0.001 0.001 0.001
Mg 0.001 0.000 0.005 0.000 0.002 0.007 0.000 0.002
Fe 0.000 0.000 0.000 0.002 0.031 0.014 0.000 0.007
Cu/SM* 1.00 1.00 1.00 0.99 0.93 0.99 0.99 0.99
*Total Fe as FeO, SM = Cu + Co + Ni + Mn + Mg + Fe
al., 2006; Broughton ef al., 2007; Muchez et al., % 3RE°] FE o|FA %, REHOE 2HYE =
2007; Hitzman et al., 2008; El Desouky et al., 33 & ASZ FAHAY. o] FE2 ¥¢A =
2009). ol AT A WA FAFEQ dHE LE FEFEY FpAEoly WAZGo o5t
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