
Bulletin du BRGM (deuxieme serie) 
Section II, n° 3, 1978, pp . 225a230, 4 fig., 2 tabl. 

Nickel minerals from Barberton, 

South Africa : VIII. 

cochromite 

nichromite, and their 

significance to the origin of the 

Bon Accord nickel deposit 

The spinels 

and 

Mineraux de nickel de Barberton Afrique du Sud : VIII. 

Les spinelles cochromite et nichromite et leur importance 

concernant l'origine du gisement de Bon Accord 
S.A. DE WAAL * 

Mots cles : Nouveau, Spinelle (Cochromite, Nichromite), Co, Cr, Ni, Serpentine, Genese, Effet-de-choc, Meteorite, Transwaal (Bon 
Accord, Barberton), Trevorite. 

Abstract 

Two new spinels, a cobalt-chromium spinel called 
cochromite, and a nickel-chromium spinel called 
nichromite, are described. These minerals are interme
diate members in a replacement reaction in which an 
original chromite with approximate inferred composi
tion 

2+ Fe6,sMg 1 ,sCr 11Als 032 

is altered to trevorite. The reduced nature of the 
original spinel is seen as further evidence of the meteo
ritic origin of the Bon Accord nickel deposit. 

Resume 

Deux nouveaux spinelles l'un cobalt-chrome appele 
"cochromite", l'autre nickel-chrome appele "nichro
mite" sont decrits. Ces mineraux sont des phases inter
mediaires dans une reaction de remplacement dans 
laquelle une chromite originate ayant une composition 

probable 
Fe��Mg1,5Cr11Al5032 est changee en trevorite. 

Le caractere reduit du spinelle original confirme la 
nature meteoritique du gisement de Bon Accord. 

* Mineralogy Division, National Institute for Metallurgy Randburg, South Africa. 
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List of iUuslrations 

Fig. 1. - Photomicrograph of remnants of . origi�al 
spinel (medium grey) mantled by trevonte w1th 
euhedral outlines (light grey), set in a seggregation 
of silicate (dark grey), which is surrounded by fine 
grained trevorite-silicate material. 

Fig. 2.- Close-up view of the spinel remnants (medium 
to dark grey) in trevorite (light grey) with euhedrat 
outlines. Diamond-shaped indents of microhardness 
test show hairline cracks. 

Fig. 3.- Variation in (Cr + Al)uv> Fe� (Co +Zn)u"' 
MgllV' and Fe�� relative to (Ni +Co)uV"" 

Fig. 4.- The logarithm of Fe�: plots as a straight line 
(r = 0,98) against (Ni +Co)uv-

Tabl. 1.- Physical properties of cochromite. 
Tabl. 2.- The chemical composition of cochromite, 

nichromite and a cobaltian chromite. 

1. Introduction 

The nickel occurrence at Bon Accord, 
Barberton, South Africa, has a unique minera
logy. The nickel minerals trevorite [\VAAL S.A. 
DE, 19721 liebenbergite [WAAL S.A. DE and 
CAL K L.C., 19731 bonaccordite [WAAL S.A. 
DE et al., 1974], bunsenite, and millerite 
formed a high-temperature metamorphic assem
blage and were later, during a serpentinization 
process [WAAL S.A. DE, in press1 replaced by 
nepouite, pecoraite, willemseite [W AAL S.A. 
DE, 1970a1 nimite [WAAL S.A. DE, 1970b], 
g aspeite, heazlewoodite, and breithauptite. 
These mineral assemblages grade into the high
magnesium, talcose serpentinites of the James
town Igneous Suite, through intermediate 
members of the trevorite-magnetite [WAAL 
S.A. DE, 19691 willemseite-talc, nepouite
(pecoraite-) serpentine, and nimite-clinochlore 
mineral series [WAAL S.A. DE, in press]. Sur
face oxidation of the nickel-rich minerals 

y i e l d e d  reevesite [WAAL S.A. DE and 
VILJOEN E.A. 19711 violarite, goethite, and 
quartz [WAAL S.A. DE, in press]. 

Recently, two new spinels were encountered 
in the l i e b e n b e r g i t e - t r e v o r i te-bunsenite· 
bonaccordite assemblage. These minerals are 
remn<Jnts of a spinel that predates the meta
morphic assemblage, and, as such, constitute 
the only relics of the pre-metamorphic (origi
nal ? ) mineral assemblage. Since spinels of this 
composition are not known from the two most 
common types of nickel deposit, laterites and 
magmatic sulphides, the Bon Accord deposit 
most probably represents neither of the two 
types. 

This paper contains a description of the two 
new spinels, cochromite and nichromite, and a 
discussion of the significance of these minerals 
to the origin of the Bon Accord deposit. 

2. Cochromite 

The cochromite occurs typically within 
larger silicate masses that are interstitial to the 
nodular; trevorite-rich segregations [WAAL 
S.A. DE, in press] in the trevorite-liebenbergite
bunsenite assemblage. It is, invariably, partly 
replaced by trevorite that forms distinct rims 
around the individual spinel remnants. This 
relation indicates that the cochromite is un
stable in the high-temperature, metamorphic 
assemblage (DE WALL, in preparation), and is, 

Fig. 1. - Photomicrograph of remants of original spinel 
(medium grey) mantled by trevorite with euhedral out
linea (light grey), set in a aeggregation or silicate �dark 
grey), which is surrounded by finegrained �re�or1te -
silicate material. (Enlargement ?OX, dray objective), 
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Fig. 2.- Close·up view of the spinel remnants (medium 
to dark grey) in trevorite (light grey) with euhedral 
outlines. Diamond-shaped indents of microhardness test 
show hairline cracks. (Enlargement 225X, oil immer
sion objective). 

therefore, a physical remnant of an earlier 
mineral assemblage (fig. 1 and 2). 

The physical properties of cochromite are 
listed in table 1 and the chemical data from 
three grains that were analysed with an elec
tron microprobe are given in table 2. 

The small grain size of the cochromite 
remnants, and the fact that they are invariably 
rimmed by trevorite, made physical separation 
of the mineral impossible. For this reason, no 

TABL. 1.- Physical properties of cochromite 

Colour : Dark, probably black, with a metallic 
lu�tre 

Fracture :Conchoidal 

Streak : Greenish·grey 

Optical character : llotropic In reflected li(ht 
(air and oil immersion ) 

Structure :Cubic , Fd 3m (aNumed ) 

Cell edge : 8,292 ± 0.002 A (cobaltian chromite , 
Table 2) 

Calculated density ·about 4,99 g/cm3 

Reflectivity : Dry objective , SOX ; SiC u �tandard 
14,3(4)% at 480nm , 
13,7(2)% at 546nm , 
14,0(3)% at 589nm , 
13,9(4)% at 656nm . 

Micro-hardness : 1 218 (100) kg{mm1 with 50gm load 
Gr�in size · Average diameter of irucribed circle of 

33 grains= 21Pm . median diameter or 
inscribed cirde or same population 

= 13pm. (not distinfUiahed here 
between cochromite and nichromit.e). 
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TABL. 2.- The chemical composition of cochromite, 
nichromit.e and a cobaltian chromite. 

Chemical Ana/yu1 

Cobaltian 
Chromite Cochrom\te Nichro

mite 

NiO 6,57 7,11 5,49 7,67 15,86 
CoO 12,65 16,9 16,70 17,45 12,49 
ZoO • n.d. 0,59 0,45 0,59 • n.d. 
MgO 2,15 0,76 0,82 0,95 0,40 
MoO 0,58 0,82 0,78 0,84 0,21 
(FeO ) 13,63 11,00 11,91 11.18 1'1,32 
FeO•calc. 12,91 9,78 10,98 7,45 6,45 
Fe2ol•calc. 0,80 1.35 1,03 4,14 12,06 
-no, 1,24 1,34 1,08 1,26 1,13 
Si 02 0,12 0,13 0,14 0,11 0,20 
Al203 11,89 12,66 9,77 9,11 7,46 
Crl03 51.72 � � 60,38 � 
t oxides 100,63 100,83 100,63 99,95 101,83 

Mineral formula calculated to 32 oxygen ion• Ulling FoO 
0calc. and F�20J 0qolc. 

Ni 1,467 1,597 1,243 1,772 3,647 
Co 2,817 3,798 3,796 4,009 2.873 
Zo 0 0,118 0,102 0,120 0 
Mg 0,883 0,319 0.340 0,412 0,172 
Mo 0,133 0,202 0,187 0,206 0,052 
Fe1+ •calc. 3,000 2,286 2,604 1,789 1,548 
Fe3+ •calc. 0,167 0,286 0,221 0,895 2,598 
AI 3,883 4.184 3,268 3,079 2.512 
"' 11,350 10,941 11,966 11,406 10,305 
Ti 0,267 0,286 0,238 0,275 0,240 
Sl 0,033 0,034 0,084 0,034 0,052 
!:M2+ 8,300 8,320 8,272 8,308 8,292 
1:M3++M4 .. 15,700 15,681 15,727 15,689 15,707 
ECation! 24.000 24,001 23,999 28,997 23.999 

Explanation 

"'n.d. :not detected 
• calc. : Calculated on the charge-baJance principle 

Standard uud for analyu1 : 

Element Concentration%- Standard 

Ni 7,79 Synthetic (Ni Fe )S 
Co 67,40 Synthetic CoS 
Zo 67,09 Synthetic ZnS 
Mg 9,16 Chromlte 
AI 7,78 Chromite 
Mo 3,69 Ilmenite 
TI 27,40 nmenite 
.. 21,86 Chromite 
"' 41,74 Chromite 
Si 19,38 Pyrope 

density determination could be made. The cell 
edge quoted is that of cobaltian chromite 
(tabl. 2), the only grain that was large enough 
to give an X-ray diffraction pattern with 
measurable lines. However, it is expected that 
this value will be close to that of the cochro
mite-proper. Because hairline cracks radiating 
from the indent could not be avoided, the 
micro-hardness quoted may be fractionally too 
low. 
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3. Nichromite 

Ntc:hromitc is simllar 1n gcncra.J appearance 
and mode of occurrence to cochromlte. How
ever, it eontaim nkkel M the ruajor .;ation 

among the two-v!tlcnt species. Its chemical 
�omposition ill e:iven in table 2. 

4. The origin of the Bon Accord deposit 

ln a n earlier paper rWAAL. S.A. DE. in press] 
u detailed de�;cription of the Bon Accord 
deposit, and a di�<.·usslon o! possihle mode:. of 
ortgtn WPre given. It was argued t..hat the 
d�polill is neither a metamorphosed laterite nor 
a reworked mutsSiv� aulpblde body. mainly 
lx:causc of its high Ni 1-enor (a maximum of 
about 38 pet" �nL XiO). A possible hydro
thermal deplacement oriRin as pro�d by 
•orller workers [A:<HAUl:SS"ll C.R., 1963L 
wa.o; also dit><.:ounted because of the m assive 
ni'ture and the ah!!P.nr.e of ennitk mllterial in 
the ore. Finally, two pOS$iblP. modes of origin 
Wen! coruddered : t.hat the depo�it represents 
either �n oxidized lump of awaruite, or that it 
ia the oxidized ct-mnant of a nkkel·iron mf"teo
rite that feJJ jn Archtrdn times. Of these two 
possibilities thP. metf'Or�te hypothesis w� 
ravoun .. "tJ bL'\:llUSt" : 

1) The high Ki to Fe n1tio or awacuit.c 
(generally 1,8 to 3) against the relatively low 
vulue !or Lhc dcpuiiiL (ubouL 1). 

2) 'The re-semblance of the mlitel·lal in the 
cortl of lh� deposiL W nicke-l-iron m�uriLes in 
general. 

3) The Co to Ni ratio o! the core materi•l 
in the deposit taUies with that of meteorites 
{though the. extent of this currespom.k-nc(" muy 
be deb<ttahle). 

4) The k nown abuntlance of meteorites 3 
Aiga·years ago, as evidenced by the history of 
the Moon (SMITH J.V., 1974l 

Jnspcdion of the chcrok:M variation of the 
cobal tian magnetite. throullh cochromite. 
nichmmite, and, finally, trevorlte shows a very 
definite line of evolution. A plot of (Ni I· Co) 
In the unit cell (i.e .• per 32 oxygen ions) 
at:illnlft. Ute other metal ions in the unit t..-eJI, as 
in figure a. }iekt& the following information. 
(Subscript u.c.. lndicate8 that reference is made 
to the cations in the unil. ct!ll, r U; the corrtola· 
tion coefficient). 

IIUl..L,II.I'II,Ci,M, (l), II,]- 197!1 

l) Jo'e!� varies JinP.arly with (Ni +Co)"c' In 
fact. this relation t:un � expressed by the 
cqu.:�lion 

Fe�:= 6,517-0,794 (Ni +Co)ue 
(r � - 0,9�) . . . . . . . . (i) ' 

Crt AI 
15 

14 

13 

fig. 3.-Variation in (Cr Al}UY" Fe�\� (Co I ZnL 
:Miu,� and �o·��:. r�l.ative t� {Ni +C'..o)•V" Note thflt P� 
II th� ntg.di'"e im•��:• or (Cr +AI),. ..... l'revorii.e i5 incliKI· 
•d i-l'l the caleulation"ol tht! line5 or belit-fit for r-a: 
11nd Mgu.,.· 
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2) l'he variation of Ylguc. �inst (Ni .f Cu)u, 
be lnt�rpreted, in a lllmilar fashion, as a. 

line. 

Mg.,= 1,504 - 0,19o (Ni +Co)"' 
(r =- 0,87) .... (ii) 
3) Both Co find Zn,., .c:.hows tmootn 

curves, with m�ima at 
_
(Ni · Co)Uit "' 5 to 6, 

In fagun� J. (t;o + Zn)uc: 1s plottc..-<1. 

4) (Cr · AI)\W: foiJows; a smooth cutvP with 
a major OcxuTPJ at. about (r\i I Co)� 5 t.o 6. 
Cr�M: and Aluc• not shown indlv�dually in 

!T��i!
·
o�l� t�h�� o7�:

o��ag:;�� w1th u gPne-

5) FeJ- follow! a trend exactly oppoa;:ite to 
that of '(cr +-Al)IK'. It definP-1> a smooth curve 

/ 
'--..,---:---3· -,--5-· e·· ·-

� 
\i•C:> p;r � C�YQ"'r :m� 

Fig. 4, -The Jos:arlthm of Fe�� plclts as 1 Mtnight lin& 
(r = 0,91:1 aa:aln&t (Ni +Co)uV" The urowtK-t.d on the 
JiDc. of be:st·fit. or lhe data pOint' (trevotite includOO in 
cakulatioN) i.ndkai.4ot t.h" dir('Ction C>f chaar &om an 
ori(inai 1piMI, throup t'Oballian chromite, t:uchromite, 
and nkhromlte. tu Lrt'•orit.e. Th� rAdu«d naWn of 

. &tis ori(inal apinel, relatif" to tbe comrnon, t.cratrial 
chromium tpinll'l, b clnrJy iUuAr�ttM. 

that has an cxponcnLial form !or which 
low: Fl�� ::... 0,579 (Ni I Colu.c 

-2,448 (r ,. 0,9K) (ili) 
'HI ill relation is also dep)r.tflrt in figure -1. 
6) Amon� the n>mainit"l" minor clt.·ment.<; 

(not �hown m Cigur� J), Mn"�: shows a patteTn 
cohertna: to that of (Zn +CoJa.e· The Ti11c '-'aria· 
tion hu no obvious trend pa�m. but the 
value for Siuc seema to increase with increasing 
(Ni+C...)�. 

It i.111 clo:tr from the dat a given (tab!. 2) thai.. 
the cobnltinn chromit.e, the t..oochromite.s, and 
nichromitP. are all intermedia�s in a replace
ment. sequence in which :\1'1 unknown spinel is 
finally comert.ed to trevorite-. The c.omposition 
of t.his unknoYw·n spinP.I can be et�limated on 
the UIRUmption that il had (Sl 1 Co)�o�e ""' 0. as 
Pi gt!oora.lly the case for mct.corttic chromites, 
and for terrestial chromitf!:!\ �iated with 
mafic and ullntmaf"lC rocks. (SeA IRVINE T.N., 
1967; tiLISS 1\.W. and MAC LJ<AN W.H., 
1975 i W.o\AL S.A. DE, 197!) i UICKEY ,J.S., 

1976, Rnd many others). 
By sub�tituting tht.! value (!'\ I Co)u� � 0 in 

�quationa (i), {ii), and (iii), and by c:xtrR· 
potation of the ClU'\'CS in fii{W'e 3 to l.his value, 
om' arriv(!S at the compo&ltlon of a highly. 
reductd chmn1itc with a composition approxi
mnt.i.ng 

Fel"; M&,. (011 ,\I,) 0, (FeJ+= 0,0004) 
Such redut!ed chromites1 which have a high 

chromium content (C'r,1e :>��:> 1 1 ). r.omhined with 
x Mg/Mg I Fc1' of le:;.�> than 0.20, are known 
only from meteoritic m.t\terial� (st!c BUNCH 
Mld KErr •• 1971 � BU)ICH CL o:l., 1967: 
HUKCH and Ol.SEK, 197G). It Vt'Oukl thus ap
pe&r thAt the present data. .�ubst.D..ntiat.e the mc
toorite hypothesis propO&Cd P3riM!r (DR WAAT., 
in prets) to cxplm:n this unique ntc'kel deposil.. 
at Bon A<.-cord. 
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Discussions 

D.L. BI SCH : Do you ever find Co-Cr spinels 
or liebenbergite in meteorites and if not, 
how do you explain the occurrence of these 
minerals in your deposit ? 

S.A. DE WAAL : I am not aware of these 
minerals in known meteorites, but, as 
pointed out in my presentation, the Bon 
Accord deposit probably represents an 
o x idized and thermally metamorphosed 
nickel iron meteorite. The nickel and cobalt 
chromium spinels appear to be intermediate 

members in a replacement series in which a 

reduced iron magnesium spinel in the origi
nal meteorite is altered to trevorite. 

Z. MAKSIMOVIC : I would like to draw your 
attention to the occurrence of very peculiar 
nodules found in the Blanguette karstic 
bauxite deposite in Var by J. DIET RICH et 
al. These nodules occur in the lower portion 
of the deposit near the footwall limestone, 
and are composed of nickeline, erythrite and 
spolaterite. 
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