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NICKEL MINERALS FROM BARBERTON, SOUTH AFRICA:

II. NIMITE, A NICKEL-RICH CHLORITE

S. A. on W.+nr., I{ational Institute for Metallwrgy,
Milner Parh, Johannesburg, South AJrica'

ABSTRACT

A nickel-rich chlorite, nimite, comes from a small tabular body of nickeliferous rock

about two miles west of the Scotia Talc Mine, in the Barberton Mountain Land. The

nickeliferous rock comprises a mixture of nickel-rich chlorite, nickel-rich talc, ferroan

trevorite, reevesite, violarite, and millerite.
Then im i t e i sye l l ow i shg reen ,hasa2V" :15 "+2 ' , p : 1 .647+0001 ,anda :1 .637 ,and

has a measured specific gravity of 3 19. It has a monoclinic cell with a:5.320+0.002 A,

b:9.214+00$ A, c:14.302+0.003 A, and p:97.10'+0.02' .  The eight  st rongest  l ines,

in decreasing order of intensity, have d-spacings of 7.10, 3.55, 14.2,4.74,2.841' 2.582'

2.003, and 2.540 L. The mineral was indexed, a space group C2/mbeing assumed, and has

the IIb type of layer structure of chlorite.
With heat treatment the nimite shows a marked decrease in the basal spacing, an en-

hancement of the intensities of the 001, 003, and 005 reflections, and a weakening of the

intensities of the 002 and 0M reflections. A major loss of the water of crystallization occurs

at 710"C, whereas an exothermic peak at 921"C in the DTA curve is ascribed to the re-

crystailization of nimite to a substance that proved to be mainly spinel.

The chemical analysis on a pure sample of nimite gives the cell formula

Hru nz(Niu grMgs aaFes+o.z2Fd+o.orCoo ozCao osMno orAlr.sz)(Sie ozAlr os)Oro
The major infrared absorption bands of the nimite occur at the frequencies M5, 465,

676,962 and 1010 cm-r.

INrnonuctroN

As part of a study of the distribution of nickel in serpentinites and
related rocks, the author collected and reinvestigated a sample of trevor-
ite and associated silicate minerals from a well-known occurrence,
approximately two miles west of the Scotia Talc Mine, in the Bon Accord
area, Barberton, South Africa. In addition to violarite and millerite,
ferroan trevorite, nickel-rich talc, nickel-rich chlorite, and reevesite, were
encountered. The ferroan trevorite has been dealt with in detail (De Waal,
1969).

This paper deals with the nickel-rich chlorite. The name nirnite is
provisionallyr proposed for this mineral and is derived from the abbre-
viated form for the National Institute for Metallurgy (N.I.M.). This
name is pronounced nim'-ite.l

I A preliminary description received limited distribution as.l[oi. Instr. Met. Res. Rep.

344 (1968), was abstracted in Chem. Abstr.7O,127 (1969); consequently the name will be

acted upon later by the International Mineralogical Association.
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Frern RerarroNs AND Pprnocnepuy oF THE NrcrBr, Ons

The nickel ore investigated was fi.rst reported by Trevor (1920). Ac-
cording to the South African Geological Survey (1959), the ore consti-
tutes a tabular body with a thickness ol 2 feet and a length of about 20
feet and is probably a contact deposit along the junction of the Moodies
quartzite and the ultramafic rocks of the Jamestown Igneous Suite. It is
also stated that the major minerals are nepouite and trevorite.

In hand-specimen the nickel ore has a greenish-grey (5G 6/1) (colour
according to Rock-Color Chart, 1963) appearance on a fresh surface. The
colour, however, tends to be somewhat mottled owing to the patchy dis-
tribution of the ferroan trevorite in the green silicates. This latter phe-
nomenon strongly simulates brecciation.

In thin section, the rock consists of clusters of minute opaque grains
embedded in the nickel-rich talc. The nimite forms irresular veins in the
talc and opaque ore.

In polished section, the grain size of the ferroan trevorite varies con-
siderably-from about 0.5 mm to less than 10prm in diameter. Polished
sections further revealed the presence of violarite and millerite. The
violarite is intergranular in the ferroan trevorite whereas the other
sulphide appears as minute inclusions in the ferroan trevorite. The
amount of sulphide varies markedly from one hand-specimen to another.

Secondary alteration of the ore is manifested by the formation of opal
and moderate greenish-yellow (10Y7/4) reevesite in druses. These min-
erals have been mildly stained by iron oxide, and small amounts of
goethite are present.

ExpnnnmNrlr- Mrtrrols

Microscopy was the basis of the present study.
All colours allotted macroscopically are in accordance with the Rock-Color Chart (1963)

issued by the Geological Society of America. The s)'rnbols (in parentheses) correspond to
those in the Rock Color Chart.

The optical axial angle was determined by using the Mallard constant, which in turn
was calculated from axial angle measurements on natural barite and chemically pure am-
monium sulphate.

The chlorite was purified for chemical analysis by use of its specific gravity and the
characteristic magnetic property of the ferroan trevorite, which forms the major impurity
in the mineral. The final purified product was estimated as being more than 98 percent
pure. Minor quantities of ferroan trevorite and nickelian talc were still present when the
mineral was investigated under a binocular microscope.

Determinations of specific gravity were conducted on a Berman balance with purified
powdered nimite. The value thus obtained was checked in a Clerici cell, as described by

Jahns (1939). The latter experiment was carried out in a temperature-controlled room at
21oC. For thorough mixing of the liquids in the cell, air was passed through it from the
bottom with a hlpodermic sy-ringe. The refractive indices of the liquids were determined on
an Abb6 refractometer.
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The specific gravity of the nimite was also calculated from its cell volume, its chemical

composition, and Avogadro's number (6.0228X 1O-'3).
The indices of refraction of the nimite were determined by an immersion method. A

sodium lamp was used as a light source, and the indices of refraction of the matching

liquids were measured with aLeitz-Jelley refractometer.
The X-ray diffraction work was done on a Philips diffractometer equipped with a verti-

cal goniometer. The adjustment of the goniometer was checked with standard samples of
quartz and silicon at 10.45, 14.24,25.11, and 44.01 degrees d. The maximum deviation, aI-

though both positive and negative, never exceeded 0.02 degrees d. The estimated standard

deviation of measurements obtained on the same standards amounted to 0.01 degrees 9. If,

however, the broad nature of the chlorite lines, when compared with silicon and quartz

Iines, was considered, any correction for the maladjustment of the goniometer would be

relatively insignificant. The relative line intensities were calculated from integrated peak

areas by use of a Disc Integrator, model 221. To avoid preferred orientation, a dilution

method, with cork powder and the sideloading technique (Swanson et al., 1967) was em-

ployed.

For the refinement of the cell constants, the computer ptogram CELFIT (Bracher,

B. H. 1967) U. King. At. Energy Auth. Res. Group Rep.26pp.) was used. CELFIT com-

prises the refinement of cell dimensions by a method of least squares until the shifts in

these parameters fall below limits specified by the user.
Difierential thermal analysis was conducted at a heating rate of. L2.2"C per minute in a

norma"I air atmosphere.
The heat treatment of the nimite was done in an electric oven in which the maximum

temperature deviations did not exceed 4oC. The heated samples were then investigated

with a Debye-Scherrer X-ray camera (diameter:114.6 mm). Cobalt Ka radiation was

used, and an exposure time of sixteen hours was allowed,
The infrared-absorption spectrum of the nimite was obtained on a Beckman spectro-

photometer, model IR12.

Rnsurrs

The optical and physical properties of the nimite are presented in
Table 1. In the same table are listed the data given by Partridge (1944)

for a 'green silicate' that accompanies the trevorite. There is a degree of
correspondence between the two sets of data, but it is the author's con-
tention that the 'green silicate' actually consisted of a mixture of two
minerals, namely, the nimite and a nickel-rich talc (to be described in a
later paper). The two values given for the calculated specific gravity

were obtained by (1) ignoring adsorbed water, and (2) considering
adsorbed water.

In Table 2 the chemical analysis and unit-cell formula of the nimite
are compared with those of brunsvigite, an iron chlorite.

The X-ray powder data of the nimite are presented in Table 3. The
mineral is indexed according to the space group Czf nx and, by analogy
with the work done by Brown and Bailey (1962), has the IIb type of
chlorite structure.

In Table 4, the X-ray data for the nimite after heat treatment are



NIMITE

Tenlr 1. Oprrclr, ar.ro Prrvsrclr PnopBntres ol Nnnrre Couperuo
wrru THE 'Gr.ntr Srlrcern'

Mineral Nimite Green silicateo

Dark green to apple green

Mohts hardness

Cleavage pronounced

Optical axial angle 2V.:15"  +2" 2V" :14"  *2"

Specific gravity Berman balance: 3. 123 + 0.002
Clerici  cel l :  3.19
Calculated 3.201"

3 .210b

3.037+0.002

Refractive index p :1 .&7  +0 .002
a: t .637 (7=B7

B:7 :1 .650+0 .002
a :1 .605+0 .003

a :  5 .320+0 .001  A
b:  9.214+0.003 A
c  :14 .302+0 .@3 A
a:90.00o
ts:97. t0+0.02"

" :90.00oCell volume:695 . 74 A3

' Adsorbed rvater ignored.
b Adsorbed water considered.
c After Partridge (l9M).

compiled. The changes that occurred after treatment at 600'C show a

marked analogy to the change found by Martin (1955), in thuringite,

when this mineral was heated to 550'C.
The main features are a pronounced decrease in the basal spacing, the

enhancement of the intensities of the 001, 003 and 005 reflections' and the

weakening of the intensities of the 002 and 004 reflections. A total collapse

of the nimite structure appears between 700oC and 800oC. The DTA and

TGA curves (Figure 1) indicate that this change in structure is seemingly

related to the major loss of the water of crystallization at approximately

710'C. The exothermic reaction (Fig. 1) at92l"C most probably is due to

recrystallization of the nimite to a substance that by X-ray diffraction

analysis proved to be mainly spinel (Table 4).

Yellowish green (10GY5/4)

Faintly pleochroic in thin section;
1':yellow green and

Z : apple green
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Teele 2. Cnrurcer, Awervsrs ol Nrurre alro ol BnuNsvrcrrr

Nimitee Brunsvigiteb

SiOg
TiOz
AlzOs
FezOr

Cr:Or
FeO

Nio
MnO
Meo
CaO
CoO
H:O+
HzO-

2 7  . t l
0 . 3 5

l7  .42
2 . 9 1

30.98

0 . 2 1

1 1  . 0 7
0 .  5 1

100.31

27  .27
n.d.

r5 .21
4 .  J J

less than 0.01"
2 . 7 8

29.49
0.06

10.  13
0 .38
0 .38

10.48
0 .27

100.80

Number of ions per 36(0, OH)

Si
A1
A1
Ti
Fe3+
Fe2+
Ni
Mn
Mg
Ca
Co
(oH)

5 .864\
2.1361
2 .307 |

6 .016 f
1 qR4l- " " 1

1.e701-t
0.7221
0. .513 |
S.23Zt l
0 . 0 1 1 1
J . J J r l

o.oeoi
0. 067 |

ls.42 )

8.00 8 .00

tr.63

" Analyst: Analytical Chemistry Division, National Institute for Metallurgy.
n.d. : not determined-

b After Deer, Howie, and Zussman (1962).
c Spectrographic anal_v- sis.

A complete infrared pattern of the nimite is given in Figure 2. The
general distribution and intensities of the absorption bands are typical
of the chlorite group of minerals as given by Hayashi and Oinuma (1965,
t967).In Table 5, the absorption bands of the nimite are compared with
those of an aluminian chlorite, a magnesian chlorite, and an iron chlorite.

A study of this table reveals the close correspondence between the
nimite and the iron chlorite in the region from 400 to 900 cm-1. In the
region from 900 to 1020 cm-1, the position of the absorption band differs



NIMITE

Tesrn 3. X-Rev Powonn Dara ron. Nrurm

ZJ

d (calc)

25
100
16
I

45
7
I

2

2
z

< 1
1
J

001
002
003
020
004
005
200
2E
201
203
202
204
205
007
204

t+ .2
7  . l o
4 .74
4.60
3 . 5 5
2.841
2.644
2.582
2.540
2.438
2.379
2.258
2.062
2.028
2.003

t4.2
7 . 1 0
+ . l J

4 . 6 I
J  . . ) J

2 .838
2.639
2. 580
2 .539
2.436
2.380
2 .255
2 .0&
2.027
2.W3

I

< 1
1
L

2
t
1B
1B
1
1B

< 1
I

1B
1B

r.8827
1.8253
1.6620
I .5661
1.53+9
1 . 5 0 1 2
1.4188
l .4 to l
1 .3948
1 .3190
I .3001
1.2901
1.2179
r.t82l

1.8812
1.8239
t.662s
1.5647
1.5359
1 .5007
t.4t92
t .4w3
r.3948
1.3200
t.2995
r.2904
1.2184
1.t826

206
205
206
208
060
o62

0 . 0 . 1 0
o64
208
400
401
Q4
406

0 . 0 . 1 2

3 Integrated peak areas.

noticeably from that of the iron chlorite because the relevant band of the
nimite has actually split up in two poorly resolved peaks, one at 962 cm-L
and the other at 1010 cm-1. Since the iron chlorite under discussion has a
composition close to that of nimite (Table 6), the major differences
between the infrared patterns of these two minerals can be ascribed
mainly to the influence of the nickel.

Specif,c-Graaity Determ'ination. The determinations of specific gravity by
the two methods mentioned show considerable deviation from the calcu-
Iated value (Table 1). The Berman balance obviously gives a value that,
despite a small standard deviation, is much too low and not acceptable.
Trapped air both in the cleavage cracks in the mineral grains themselves
and as minute bubbles between the grains of the powder is most probably
the cause of this unacceptably low value.

The value derived from the refractive index of the Clerici liquid is
much nearer to the calculated value, though also somewhat low. In this
instance, only trapped air in cleavage cracks would contribute to the
Iow value.

It is obvious from the above discussion that the determination of the
specific gravities of micaceous minerals is a far more complicated matter
than is usually realized. Trapped air seems to be the greatest single con-
tributor to poor results, and special care must be taken to avoid its conse-
quences.
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Tlrr,n 4. X-R,c,v Dere lor Nrlnrr Alrnn Hrer Tnnanmxr

hkld

500oCub

r l  d

6000c,

r l  d

7000c'

I l  d

800oC*

I a

980oC"

r l d

001
002

25
100

14.20
7  . r 0

100
30

13 .90
6 . 9 5

100
r.)

13.90
6.96

80 t 2 . 8 9 20
10

4.65
2 . 6 3

003
020

10
t2

+ -  t J

4 .57
20
10

5 .02
3 . 5 2 20 4 . 5 4 10B 4 .  5 0

60
10

n  i a

2 .35

004 40 3 . 5 4 20
1 5

J . + J

3 . 1 0
1 5
30

J . a ,

3 .  1 1 10 3 . 1 1
100
20

2 .04
1 . 5 3

005
200

10
10

2 . 8 4
2 . 6 4

30
25

2 7 6
2 . 6 6

15
20

2 . 7 7
2 . 6 3 10B 2 6 0

80
30

L43
1 . 2 3

25
15

2 . 5 7
2 . 5 3

20
q

2 5 6
2 . s 3 208

2 . 5 6
2 . 5 0 108 2  . 5 1

20
20

r t 7
t . o 2

20
20

2.434
2 .376

40
20

2 . M
2 . 3 7

25
10

2 . 4 1
2 . 3 6

208
508

0 . 9 1
0.  83

20 2.253
2.064

30
20

a  a i

2 . 1 7
25
10

2 . 2 3
2 . r 7

15VB 2 . 2 0

30
15

2 .000
1 . 8 7 9

l . )

208
2 .04
1 . 9 9

10 2 .06
1 .98

.)
5B

| . 8 2 1
1 . 7 2 5

208
I

1 .86
l -  / J

5
5

1  . 8 5
1 . 7 2

7
t2

| .661
1 . 5 6 5

10
I

1 . 6 9
t . 6 4

1 . 6 9

25
5

1 .534
r .499

308
108

1 . 5 4
1 .50

50 t . 5 2
1 . 4 8

15VB 1 . 5 1

< 5

+18
0 .

|  1 . 4 6 2
I  r .+ ro
I

lines to
908

1

+18
0

1 . 4 1

ines to +8
0

ines to
993

" Temperature range*4oC at maximum heating time t hour
b Corrections for film shrinkage taken into account.

" DTA residue.
d hkl after data in Table 3.
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Teer-n 5. Iwreneno-Arsonprion Baxns or Nrurm, lN Al-Cnr,onrru,
e Mg-CnronrrE, AND AN l'e-Curourn

25

Nimite I et-.r'torit"" Mg-chlorite" Fe-chlorite'

(a) In the region 400 to 900 cm-l

It45m
465m 4t lJm

676m

545
634

/ J U

810

(b) In the region 900 to 1020 cm-t

m:major absorption bands.

" After Ha.yashi and Oinuma (1965, 1967).

Nomencloture oJ the Nickel-Rich Chlorites. The nomenclature of the
hydrous silicates of nickel is in a state of confusion, and, since this paper
deals with chlorite, the author considers it relevant to comment on the
nomenclature of the nickel-rich chlorites. Ilowever, before this can be
done, it is necessary to define the author's concept of the chlorite, septe-
chlorite, and serpentine groups of minerals.

In general, the author adhered to the definitions of these three groups
as outl ined by Deer, Howie, and Zussman (1962).It is known that all
these minerals have the basic formula

I3-*Al,Si2-*AtOs(OH) a

where Z:Mg, Fe, Ni, Co, etc., and Cr and Fe3+ may substitute for AI.
Chl,orite, in the sense used in this paper, has the above basic formula,

is a 14 A layered phyllosilicate, and has a Z-number larger than 0.5,
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Terr,r 6. Urrr-Crr,r Fonuurer or Nrurtn AND AN Fr-Cnr,onrrn
Blsro oN 18 OxvcrN Arous

Nimite Fe-chlorite

7.666
0.006
2.6 t6
o . 2 5 7
0 . 3 6 1
0.985
0.992
3.008

0. 789
0.  588

2.823
0.123
l.453
1 .130
2.870

After Hayashi and Oinuma (1967).

where Iz is the number of (Al, Fe3+, Cr) ions per f our available tetrahedral
positions. The 14 A character is a major parameter. A mineral with I

below 0.5, but with a 14 A structure, will be grouped with chlorite. Such

conditions, however, seem to be very rare.
Septechl,orite, as put by Brown (1961), has 'the serpentine type of struc-

ture but containing sufficient aluminium to place them (the septechlor-

ites) in the chlorite range of composition.' It follows that the septechlorite
(or aluminium serpentine, after Brown) is a 7 A Iayered phyllosilicate

with the stated basic formula and Z-larger than 0.5.
Serpentine, in consequence, is a 7 A layered phyllosilicate that has the

relevant basic formula, but with I/ below 0.5.
Following the given definitions of chlorite, septechlorite, and serpen-

tine, the various names for hydrous nickel silicates that appeared in

the l iterature can be discussed.
Nepouite has been described by Glasser (1906), who introduced the

name, by Montoya and Baur (1963) from New Caledonia, and by Slansky
(1955) from Kremze in southern Bohemia. Chemical data (Table 7) pub-

lished by those authors conform to the basic formula of the serpentine
group. The X-ray and dehydration information listed by Montoya and

Baur, and Slansky confirm the relation with the serpentine group of

minerals.
From the given data it is contended that nepouite is essentially a nickel

serpentine. This contention would be in line with the suggestions of Dana

(1958) and Winchell (1951). Dana groups the nepouite with serpentine,

and Winchell proposed a continuous series between antigorite and

nepouite. The author accordingly suggests that nepouite should be re-

tained as a general term for the nickel serpentines, because of the close

association between the serpentines and nepouite in the literature.

Mg
Mn
Ni
Fe+2
Fe+3
AI
A'\
SiJ
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Tasm 7. Csrltcal Der,r oN Nnpourm

n i

Glasser (1906)t Slansky (1955)
Montoya and
Baur (1963)b

Si
AI
AI
Fe3+

Cr
Fe2+
Mg

Ni
Ca
H

(Ni, Mg)eSirOro(OH)r

' Y, R3*, and R2+ after Phillips (1964). Ba+ according to Phillips is insignificant where
Y lies between 0.0 and 0.5.

b Calculated by present author on a basis of 36 (O, OH).

Rijtt isi,te has been described by Breithaupt (1859), and a relarionship
between it, conarite, reudinskite (or rewd,anskite), and nickel chlorite has
been suggested by Spangenberg (1938). Rcitt isite and revdinskite investi-
gated by Faust (1966) proved to be mainly pimelite-the nickel mont-
morillonite-so that both these terms seem to fall away.

Conarite (connarite or comarite) has a chemical formula of

H4Ni2Si3O1o

which is altogether different from the chlorite and serpentine groups of
minerals, and Faust (1966) reports that the X-ray pattern of this mineral
is 'unlike that of any of the known hydrous nickel silicates,' so that this
mineral most probably is a new species.

The name schuchardtite was introduced by Schrauf (1SS2). Two years
later, Starkl (1884) gave dehydration data on the same material and also
a few excellent chemical analyses (Table 8). Schuchardtite has also been
described by Spangenberg (1938), and he suggested a relationship of
this mineral with rijttisite, comarite, revdinskite, and nepouite. X-ray
work by Schuller (1956) indicates that schuchardtite is a 14 h chlorite.
If the schuchardtite is classified according to the system suggested by
Phillips (1964) the name nickeloan pennine will apply, which means that
the name schuchardtite needs revision.

The name garnierite has been widely used in literature for hydrous

8.067 8 006

r5.7e7 1s.s87
Y : O e  Y : 0
R3+: ?a R3+: ?
R2+: 14a R2+ : 14

7 .364
0 . 6 3 6  8 . 0 0
0.4171

TraceJ
l 7  . 7 3
Y:0 .3
R3+:2
R'+: 14
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Teem 8. Cnourcer- IlllotuattoN oN Scrucnenorrrp

Schrauf (1882)" Starkl (1884)' Spangenberg (1938)

Si
AI

AI
Fe3+
Fe
Ni
Mg
Ca

H

Yb
R3+b
R2+b

6.5S0\
| .420)

2. 13ol

8.00 fiii) '* AlzOr 0.63-5.30
Nio  9 .07-21.1s

MgO 31.21-17.03
Fe}O,t | .76-2.46

2. 006l
o .572
0.589
0.905
7 .005
0.3r2

16 .05

0 . ?
I

10

o . 7
I

t0

" Calculated by the present author on a basis of 36 (O' OH)'
b After Phillips (1964).

nickel silicates, and Pecora et al. (1949) suggested that it should be

applied only as a general field term for these minerals. The present author

fully agrees with this suggestion.
In conclusion the author wishes to discuss the actual classif'cati'on oJ

nimite. The recent proposal of Phillips (1964) for the classification of

chlorite is favoured by the author, since it considers structure as well as

chemical composition. In view of the relevant published data, it is felt,

however, that the name nepouite is misused by Phillips. The present

author therefore proposes that the names nepouite' schuchardtite, and

nimite. as in Table 9. should be added to Phil l ips's l ist.

Tesln 9. Clessrrtca.tror or rnr Nrurtn, ScnucnenorrrE, AND
Nr:pourm sv Me.{Ns ot. rnr CnlonrrE NUMBERS'

R2+ Structure

1 1 2 , t -

I

t

t4
14
t4

7 i \
1 4 L
1 4 A

'It will be noted that the R2+ number of schuchardtite is here proposed to be 14, in-

stead of 10, as for the schuchardtite originally described. As already stated, schuchardtite,

according to the system of Phillips, would be classiied as a nickeloan pennine.

Nepouite
Schuchardtite
Nimite

H . 5
0.  5-0.9
o .9 -1  . 2
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