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ABSTRACT

The subject matter of this treatise is based on ob-
servations of the deposits of manganese ore at the mines
Hotazel, Devon, Langdon, Smartt, Adams, Mamatwan and Black
Rock which are all in the Kalahari. This area 1s referred
to as the Kalahari Manganese-field and the investigation
is devoted to the geology and the structure of this field,
and in particular to the mineralogy and the geochemistry
of the manganese ore and the associated rocks as well as
to thermal data on the manganese minerals.

It is considered that the rocks of the Upper Gri-
quatown Stage in the Kalahari Manganese-field were de-
posited in a basin in which the precipitation of manga-
nese was greatly attenuated towards the Korannaberg, the
Upper Griquatown Stage of which is correlated strati-
graphically with that of the Langberg.

The gology of the mines of the Kalahari Manganese-
field is described, two geological maps are provided, one
for the Kalahari Manganese-field as a whole and one for
Black Rock.

The mineralogical investigation comprises the main
study of this treatise. Altogether 28 minerals are
described, some of them in detail. The minerals nsutite,
rhodochrosite, ankerite, acmite, cymrite, tremolite, talc
and piedmontite have not previously been reported in the
rocks of the Upper Griquatown Stage of the Kalahari
Manganese-field. The mineral cymrite is known from
only three other localities elsewhere in the world.
According to the literature there aprears to be a close
relationship between cymrite and the barium feldspars.
Todorokite does not seem to represent renlaced asbestos

fibre as postulated by many geologists.
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In this treatise it is shown that the mineralogy of
the various mines differs considerably, that there is an
apparent relationship between the mineralogy and the
geological structure, and that, in areas of more inten-
sive deformation, thermal metamorphism of the rocks re-
sulted in the presence of andradite. The contention
that the minerals hausmannite and jacobsite formed at
high temperature is upheld.

Chemical data are given which consist of detailed
analyses of the manganese ore, the results of which are
illustrated graphically, as well as semi-quantitative
spectrochemical determinations of the trace-constituents
of the manganese ore and the banded ironstone. The
following minerals were analysed:s- braunite (Northern
Transvaal), andradite, todorokite, cymrite and acmite.

“he theormal data corprise investigations by means
of a Reichert high-temperature microscope, a Leitz
heating microscope and a differential thermal apparatus.

The manganese ore is interbedded with the banded
ironstone. The material for the original sediments is
considered to have been derived from the Ongeluk lava and
the Campbell Rand dolomite and was deposited in a marine
as wiangauesehglrosides and carbonate wostly in an oxidising envivonwent
basiny Evidence suggests that thermal metamorphism and
to some extent load-metamorphism and metasomatism have
modified a group of interbedded, highly manganiferous,
well-laminated, calcareous sediments. The resultant
rocks have subsequently been subjected to supergene en-
richment. Hydrothermal action must have prevailed at
some stage and accounts for the formation of acmite and
the albitisation of the bostomite (intruded into the
manganese ore and the banded ironstone). The formation
of the manganese ore is in no way related to this hydro-

thermal action.
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I. INTRODUCTION

Manganese is present in organic substances, in
oceanic and inland waters, in most rocks but then mostly
in minute quantities, and occassionally in deposits of
economic importance. Manganese 1s less abundant than
iron. Values determined during 1958 - 1959 for manganese
in the water from the Orange River, which had an average
flow of 9,000 cusecs during that period, show that the
water contained 0.05 parts per million manganese and that
the river would therefore deliver approximately 580 tons
of manganese a year to the Atlantic Ocean. For iron the
figure would be 31,000 tons (P.R. de Villiers, 1962,
pp. 197 - 206).

Manganese occurs in many minerals (Dana-Ford, 1922,
pp. 806 -~ 807, lists 128) of which bixbyite, braunite,
hausmannite, jacobsite, psilomelane and pyrolusite are
the most common, Amongst the oxides those which
correspond to MnO2 chemically and which are generally
formed under supergene conditions are the important ones.
Only during the last few decades has it been realised how
complex the group of manganese ore-minerals are, and how
the characteristics of even monomineralic material may
vary and sometimes may correspond with those of others.
Identification under the ore-microscope is reliable only
with relatively coarse-grained material whereas in some
samples it has to be supplemented by X-ray investi-
gations.

Most manganese-bearing material normally consists of
several minerals intimately intergrown and the importance
of obtaining pure samples for X-ray identification cannot
be over-emphasized. New minerals are continually being

identified even in ores previously examined by older

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



(02:{%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

2.

investigators, e.g. nsutite, a manganese oxide first de-
scribed in 1960 in ore from Ghana, has now been found to
be fairly common in South African ores. Furthermore,
hydrohausmannite is now considered to be a mixture of
hausmannite and beta-MnO(O0H), (Feitknecht, Brunner and
Oswald, 1962, pp. 154 - 160).

In 1962 a batch of ten samples representative of
the ore of the Hotazel Wine was examined for South
African Manganese Limited by the author, at that time
mineralogist in the Geological Survey, Department of
Mines. During the course of that investigation it was
realised how little indeed was known about the mineralogy
of the manganese ores of that area and‘it was decided to
carry out a detailed mineralogical investigation.

The subj. t motter of this treatise is based on
observations on the deposits of manganese ore at Hotazel,
Devon, Langdon, Smartt, Adams, Mamatwan and Black Rock.,
The mines stretch over a distance of some 4O miles in the
Kalahari, a sandy shrub-covered terrain north of Sishen
and west of the Kuruman Hills (Fig.l). For this reason
the area is referred to as the Kalahari iangansse-field.

The area is masked by a layer of sand. The main
rivers, the Gamagara and the Kuruman, ultimately join the
Molopo River. There 1is no surface-water and for most of
the time these rivers are dry. The climate is semi-arid
and with a summer rainfall of 15 inches per annum the
arsa lends itself to cattle-farming only. The region
is approximately 3,%00 feet above sea-level. The only
eminence in the immediate neighbourhood of the deposits
is the Black Rock, an isolated 'hogback' some 90 feet
above the surrounding country. From Black Rock to
Kuruman is a distance of 56 miles and the rail-head is at

Hotazel.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



(02:{%

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Previous Work

The Northern Cape was mapped by Rogers in 1904 -
1905, He correlated the isolated outcrop of banded iron-
stone of Black Rock with that of the Lower Griquatown
Stage.

In 1922 the late captain T.L.H. Shone discorered
manganese just north of Postmasburg in the northern part
of the Cape. Consequently prospecting was carried out
farther afiecld and the terrain was examined by Hall in
1926 and studied in greater detail by Dr. L.T. Nel in
1927 and 1928. The outcome of these investigations was
that manganese deposits of primary impertance were dis-
covered in two parallel belts extending from Postmasburg
northwards for some 38 miles to where they disappear
under the Kalahari beds.

During 1936 members of the Government Geological
Survey carried out mapping of the Northern Cape, including
the southern portion of the Kuruman area. As a result of
this investigation Sheet No. 173 (0lifants Hoek) was
published in 1938.

Black Rock was examined by Boardman (1941, pp. 51 -
60) during the mapping of the Postmasburg manganese de-
posits. A noteworthy puper was published by J.E. ds
Villiers (1946) on the minsralogy of the manganese ores
from South Africa. The ores from Hotazel and Smartt
Mines were examined mineralogically by Frankel (1958).

In Handbook 2, John de Villiers (1960) describes the
geology of the mangansse ore-deposits of the Kuruman
manganese-field. Two papers on the manganese deposits
of the Kalahari Manganese-field were also published by
Boardman (1961 and 1964).
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Boardman (1961, p. 208), who has made a thorough
study of the geology of the Grigualand West area, sum-
marises our knowledge on the stratigraphical occurrence
of the manganese ore by stating that the deposits are
located in four different geological formations of wide-
ly differing geological ages. Commencing with the
youngest-formed rocks, ore is found, according to him,
in the following stratigraphic positions:-

i) "Below and in the cataclastic rocks, fault

gouges and breccias formed by the post-

Matsap thrust faulting, where these rocks
lie on the dolomite.

ii) "Along the base of the Gamagara beds
(lower Matsap) of pre-thrusting age,
where these lie on the dolomite.

iii) "Near the base of the upper Griquatown
banded ironstones forming part of the top
of the Transvaal System".

These comprise the deposits on which the
subject-matter of this treatise is based.

iv) "In the shaly facies near the top of the
lower Griquatown succession, about 1,000
stratigraphic ft. above the top of the
dolomite and 3,000 stratigraphic ft. below
the upper Griquatown manganese-bearing rocks™”.

Boardman continues:-

"Finally, must be added that along the middle
portions of the Postmasburg western belt the manganese
ore lies in deep solution channels in the dolomite
exposed near the base of that succession. Similarly,
solution channels in the dolomite underlying or abutting
against the cataclastic gouges and breccias in the
Postmasburg eastern belt are are also mineralised with
manganese. Thus we have simultaneous manganese mineral-
isation in the younger two formations listed above, and

in the oldest in the area, the dolomite.
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"It is obvious therefore that we are not dealing
with a sedimentary or series of sedimentary manganese
ore-deposits, but a period or periods of manganese
mineralisation by impregnation and replacement of a
variety of formations of widely differing geological
ages and origins where these happened to be suitably
located to undergo such intense mineralisation. The age
of this mineralisation is definitely post-thrust faulting
and antedates the permo-carboniferous glaciation pre-
ceding the deposition of the permo-carboniferous Dwyka
tillite. Drilling in the Kuruman region revsaled con-
pletely unmineralised Dwyka tillite deposited on a
smoothed floor of high-grade manganese ore.

"The manganese ore-deposits in category (i) above
comprise essentially the Postmasburg eastern belt de-
posits; those in category (il) above comprise essen-
tially the Postmasburg western belt deposits; those in
category (i1ii) comprise essentially the new and very
large Kuruman region deposits, while those in category
(iv) above comprise the smaller and somewhat ferruginous

deposits 50 miles south of Postmasburg'".
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6.

II. THE GEOLOGY AND THE STRUCTURE OF THE KALAHARI
MANGANESE-FIELD

A. GENERAL

The rocks of the Pretoria Series of the Transvaal
System are found in two large arsas of deposition, i.e.
one in the Transvaal, called the Bushveld Basin, and the
other in the Northern Cape. The latter includes the

Kalahari Manganese-field.

Svratigraphically there is an agreecment between
the basal rocks of the Pretoria Series in the Bechuanaland
portion of the Northern Cape Basin and those of equivalent
age in the Bushveld Basin, but there is a difference
between the basal rocks of the northern portion (Bechuana-
land) and the rocks of the scuthern portion of the basin
in the Northern Caps. Bnocock (1961, p. 78) states that
the Pretoria Series is typically deﬁeloped in the Segwagwa
area, Bechuanaland Protectorate, where it comprises the
usual alternation of shales and quartzites with an inter-~
'bedded volcanic horizon. Cullen (1956, p. 457) has shown
that the beds developed in this area are similar to those
belonging to the Pretoria Series in the Bushveld Basin
and quite different from the typical Griquatown Rocks
in the scuthern portion of the basin in the Northern
Cape. Furthermore, according to Cullen, some of the
rocks outcropping near Segwagwa, which consists of a
succession of quartzite, grit and shale, are identical
with the rocks of the Timeball Hill Stage found near
Lobatsi, i.e. at the western extremity of the Bushveld
Basin, whereas the rocks present in the southern part
of the basin in the Northern Cape, on the same strati-

graphic stage , consist of banded ironstone and
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Jaspilite, with quartzite and shale apparently absent.

The geological succession in the Griquatown area,
as established by the Geological Survey (John de Villiers,
1960, p. 22) is given in Table 1. This classification
differs from the previous one by Truter and his colleaguss
(1938) in this respect that the quartzite, shale and
limestone formerly included in the Lower lMatsap Stage is
now correlated with the Gamagara Formation of the Loskop
System. According to the classification of the Geological
Survey (John de Villiers, 1960) the Gamagara Formation
(Loskop System) is found in an E~stern Belt, known as the
Gamagara Rand, and a Western Belt which flanks the
Langberg on its eastern side.

Recent drilling by the South African Iron and Steel
Industrial Corporation, Ltd., in the Sishen-Postmasburg
area (Eastern Belt) revealed that a group of sediments
similar to the Gamagara rocks lie unconformably on the
Ongeluk lava and also that rocks lithologically similar
to the rocks of the Gamagara Formation are persistently
overlain along strike and down dip by the Ongeluk lava
of the Wliddle Griquatown Stage.

As a result of the information gained from the
drilling by ISCOR, the Geologist, Mr. J.T. Wessels,
has proposed a new structural interpretation as well as
a new stratigraphic classification (in press) but a
discussion of this theory is beyond the scope of this

treatise.
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TABIE 1

s - [T,

CLASSIFICATION OF PORMATIONS OF THE GEOIOGICAL SURVEY (John de Villiers, 1960)

l.

30

Recent deposSits eceececsvsceccsccccscsscscscscsecce

Sand, surface limestone,
etc.

KaI‘I‘OO System e 00 P00 00000 .Dwyka SeI‘ieS ®eoneboecoss Tillite and Shale

Waterberg ...
System

LoskOp eeeeces

System

Transvaal ese.
“_3tem

[Nmtsap

{Formatlon
AY

Gamagara

A S

e sy

{ Pretoria
Series

Dolomite
Series

! Formation

{Upper Matsap
£

IIower hatsap
{Hartley Hill

{

quartzite

; Upper
Griguatown
Stage

——

! Middle

Griquatown
or

Ongeluk Stage

Lower
Griguatown
L Stage

| Quartzite and
agrit

{Mainly andesitic

}lava

; Quartzite, conglomerate and
eese , shale

Basal conglomerate and

Banded Jasper,
( chert, quart-
| zite and lava
Ay

(Andesitic lava

| with interbedded
| tuff, chert and
{jasper

fBanded ironstone

i and jaspilite, also

i subordinate shale
'and quartzite,
limestone and

[ tillite

I

{ Dolomitic
limestone
and chert

Footnote by the author

To correspond with the classification of formations in the Transvaal

basin, the banded ironstone, jaspilite and associated shale should

be grouped with the Dolomite Series and the tillite, quartzite and

limestone of the Iower Griquatown Stage with the Ongeluk lava.
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9.
B. GEOLOGY

R

The manganese deposits of the Kalahari Manganese-
field have been thc subject of geological investigation
on various occasions in the past. In this treatise the
mineralogy of the ores is emphasized, therefore only a
brief description is given of the rocks shown on the
geological map (Folder 1), compiled from data contained
in publications of other investigators and information
received from other sources. The location of the Upper
Gricuatown Stage indicated on Folder 1 is according
to the positions of magnetic anomalies interpreted by
the writer from magnetic surveys carried out by Messrs.
S.A. Manganese Ltd.

The writer is indebted to Messrs. S.A. Manganese
Ltd., for making available the records of the magnetic
surveys, and also to members of the Geological Survey,
Pretoria, and "Federale Mynbou Beperk'" for information
supplied for the compilation of the map.

For the sake of completeness the area of the
Kuruman Hills, situated to the east, is included on the
geological map.

The stratified rocks of the area may be divided
into four groups, according to whether they belong to
the Transvaal System, the Loskop System, the Karroo

System or to deposits of recent origin.

THE TRANSVAAL SYSTEM

- - S

1. The Dolomite Series is composed of a succession of

dolomitic limestone and irregular bands and lenses of
interbedded chert,

2. The Pretoria_ Series

a) The_ Lower Gricuatown Stage - The normal rocks

PRSP e Ph
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of the Lower Griquatown Stage are subdivided into a

Banded Ironstone Zone, a Banded Jasper Zone and &

Tillite Zone, of which only the last i two are repre-

sented in the area of the Kuruman River.

b) The Middle Griguatown Stage consists of the

Ongeluk lava which is andesitic. The lava is amygdaloidal

and are.
in places,?the cavities filled with quartz and calcits.

of the lava

Coarse- and fine-grained varieties, are present.

¢) The Upper Griquatown Stage - In the Kalahari

Manganese~field this stage consists of banded ironstone

in which are situated the ore-deposits that form the sub-

ject matter of this treatisse.

Associated with the deposits of manganese ore are

remnants of a manganiferous, ferruginous, siliceous,

carbonate-rock.

No limestone or lava of the type present in the

Upper Griquatown Stage south of and at 0Olifentshoek

(Visser, 1958, p. 22) were found in the area of the

Kalahari Manganese-field. uartzite was located above the

zone of banded ironstone in bore-holes (Dr. L.G. Boardman:

personal communication).

THE LOSKOP SYSTEM

The Gamggara Formation

In the Kalahari langanese-field a group of sedi~

nents, consisting of indurated mudstone, shale, quartz-

ite and containing locally an odd, thin band of

calcareous
glomeratic

town Stage.

material and in places, at the base, a con-
breccia, overlies rocks of the Upper Griqua-

These rocks have been correlated with the

Gamagara Formation of the Loskop System by Boardman

(1961, p. 212) and by John de Villiers (1960, p. 140).
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Some of these rocks were encountered in the following

localities:

i) West of Black Rock, at the foot of the
'hogback'!, overlying banded ironstone of

the Upper Griquatown Stage unconformably.

ii) 1In shaft No. 4 to the east of Black Rock
Mine (Folder 2), quartzite was found in
contact with the banded ironstone (John
de Villiers, 1960, p. 140).

iii) In bore-holes, overlying the manganese
bearing banded ironstone of the Adams-
Kuruman River belt (Central Belt), pre-
sumably in an unconformable manner

(Boardman, 1961, p. 212).

iv) In bore-holes northeast of the Black Rock
Mine, on the farms Eersbegint and Grafton
(Grafton is not shown on Folder 1), over-
lying the Ongeluk lava (personal communi=-
cation: Mr. J.J. Taljaardt, S.A. Manganese
Ltd.).

The following formations were intersected in a

bore-hole drilled at Eersbegint:-

Depth in fect

0 - 40 sand
- 810 Dwyka rocks (bedding of shale horizontal)

- 818 quartzite: grayish
841 shale (mudstone): reddish brown
846 calcarsous-rock: 1light gray
849 breccia: fragments of chert and jasper
857 indurated mudstone: reddish brown
927 shals (arenacsous): dark brown
930 shale (arenaceous) 1light gray
937 mudstone: dark gray
9Lk breccia (arenaceous): angular fragments of
jasper
o47 sedimentary or conglomeratic breccia: angular
and subangular pebbles and fragments of banded
ironstone and manganese ore

o488 ~ 967 as 944 to 947

982 -1028 Ongeluk lava: andesitic
(Information received from S.A. Manganese Ltd.)
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A sample of the core from 947 feet was examined
microscopically and it was concluded that the breccia is
of a sedimentary origin. This deduction was made after
observing the rounding of some of the pebbles. These
pebbles and fragments of banded ironstone and manganese
ore in all probability represent the eroded rocks of the

Upper Griquatown Stage.

In open-cast working No. 3 (Foldser 2) at Black
Rock Mine the author observed a conglomerate dipping at
50 to the west which overlies folded rocks of the Upper
Griquatown Stage unconformably (photo 1). In the imme~-
diate vicinity, the conglomeratic material is overlain by
approximately 20 feet of Kalahari sand. In a bore-hole
some 400 yards to the northwest of open-cast working No.
3, the conglomeratic material overlies the banded iron-
stone at a depth of 120 feet and overlying the conglome-
ratic material is 60 feet of indurated mudstone. The
mudstone is not Kalashari mudstone as consolidated chips
(4") were present in the drilling sludgs. uartzite and
mudstone were encountered in another bore-hole half a
mile to the southwest (see drilling machine on photo 1 for
location of bore-hole) where they lie directly on the
Ongeluk lava. The conglomeratic horizon encountered in
the bore-hole most probably represents the base of the
Gamagara beds in this arca. Similarly all the rocks
encountered from 818 to 967 feet in the bore-hole at
Eersbegint, and the equivalent rocks in the other bore-
holes as well as those in shaft No. 4 and in open-cast
working No. 3 are correlated with the Gamagara Formation.

It would seem as if there had been a2 lengthy break
between the deposition of the Transvaal System and the

Loskop System in this area, during which the rocks of
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the Transvaal System were folded and eroded. This is
deduced from the geological conditions illustrated on
photo 1 as well as from the absence of the Upper Griqua-
town Stage on the farms Eersbegint and Grafton. In the
Olifantshoek area Truter and his co-workers (1938, p. 33)
observed that ths rocks of the Gamagara Formation follow
to all appearance, without any unconformity, on the rocks
of the Upper Griquatown Stage. Visser (195, p. 23)

also observed an unconformity in the Griquatown area

although not a major one.

THE KARROO SYSTEM

As far as 1is known, the rocks of this System are
not exposed and their extent has only been determined
from intersections in bore-holes. Only the basal member,
the Dwyka Series, which consists of horizontal shale and

tillite, is represented.

GUSURFICIAL DEPOSITS

These deposits, which are of recent origin, com-
prise the Kalahari beds and consist mainly of wind-blown
sand, unconsolidated mudstone and surfaco-limestone.

The largest portion of the area of the Kalahari Manganese-

field is covered by wind-blown sand.

INTRUSIVE ROCKS

Intrusive into the manganese-bearing formations of
the Kalahari Manganese-ficld in the form of dykes and
sills is a bostonite which is present fairly persistently.
According to Boardman (1964, p. 432) the bostonite has not

been found in any of the other formations in the arsa.
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C. STRUCTURE

On Fig. 1 two pitching synclines are shown, the
Dimoten Syncline and the Ongeluk-Witwater Syncline with
the Maremane Anticline as ths core of the structure.

The trough of the Dimoten Syncline in which the Kalahari
Manganese~-field is situated, is occupied largely by
andesitic lava of the Ongeluk Stage. The lava is spo-
radically but normally overlain by the banded ironstone.
Banded ironstone outcrops at Black Rock and rises 90

feet above the surrounding country. These sediments dip
gently to the west. By means of geophysical observations
carried out by the various mining companies and tested

by drilling, a belt of manganese-bearing banded ironstone
present underneath the cover of sand was traced east of
the outcrop at Black Rock from north of the Kuruman
River to the Mamatwan Mine in the south. Two outliers

of the banded ironstone were located on the farms Hotazel
and Devon (Folder 1). According to Boardman (1961, p.
212) results of drilling along the belt of manganese
bearing banded ironstones have disclosed that the banded
ironstone rests with undisturbed conformity on the
Ongeluk lava and therefore belongs to the Upper Griquatown
succession. Previously this banded ironstone was corre-
lated with the Lower Griquatown Stage by John de Villiers
(1960, p. 156).

To the northeast of Black Rock drilling has dis-
closed a change of formations due to erosion. In this
area the conglomeratic breccia near the base of the
Gamagara Formation rests on the Ongeluk lava. This re-
lationship has been encountered on five farms (Personal
communication: Mr. J.J. Taljaardt, S.A. Manganese Ltd.).

Rocks of the Lower Griquatown Stage were en-
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countered in the bed of the Kuruman River, five miles té

the north of the Hotazel Mine. These rocks have come

into this present position as a result of block-faulting

which gave rise to a horst which extends north - south«Folder 1).
Rocks of the Loskop System were encountered in

belts to the east and to the west of the Black Rock Mine;

they extend noarth - south. The Karroo beds are found in

a glacial valley of which the probable course is

approximately north - south, extending across the farms

Wessels, Gloria, Botha and Smartt (John de Villiers,

1960, p. 128).

The formations of the Area display folding which
is open in the east, but towards the west the for-
mations have been strongly overfolded towards the east
and faulting becomes more pronounced. The overfolding
eastwards, as observed at Black Rock Mine (Folder 2) is
an indication that strong compressional forces from the
west had at some time prevailed in the area. Intense
overfolding and slickensiding are observed at the Black
Rock iWline. The Hotazel body is considered to be an out-
lier unaffected by strong folding (Folder 1). At the
mines Smartt, Adams and Mamatwan the ore-body dips gently
but regularly to the west.

In this treatise it will be shown that the mine-
ralogy of the ores at the various mines differs con-
siderably and that there is an apparent relationship be-
tween the mineralogy and thé??%%acwﬁ%%. It will be in-
dicated that in the areas of more intensive folding,
thermal metamorphism probably led to the formation of
high-temperature minerals, for example andradite and to

a lesser extent tremolits.
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Faulting in the Area is closely associated with the
folding. Moreover, as strong compressional forces from
the west must have prevailed at some time and as the
layers are overfolded towards the east, it follows that
the faults are mainly high-angle or low-angle reverse-
faults. The evidence obtained in the field indicates
that the faults around Black Rock are intermediate be-
tween high-angle and low-angle types, whereas towards the
eastern end of the Kalahari Manganese-field, where the
folding is gentle and open, the faults are of the high-
angle, tensional type.

Bvidence for a number of faults have been found in

the area and the faults are shown on Folder 1.

Fault £ 1

o s —

The author has examined material from shaft No. 3,
east of the Black Rock outecrop (Folder 2) and has found
much brecciated banded ironstone. Johnt de Villiers, who
had access to shafts Nos. 3 and 4 while mining was still
being carried out, shows in this area a quartzite faulted
against manganiferous banded ironstone (1960, p. 140).
According to the evidence found in these shafts the south-
ward extension of this fault seems to be towards the

south - west.

Fault £ 2

s

The belt of westward-dipping manganiferous beds
present at Mamatwan, Adams, Smartt and Wessels has not
been encountered to the west although the rocks of this
belt should again approach the surface. This suggests
the termination against a fault as indicated by

Boardman (1961, p. 207).

e o e

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



@ﬁ&

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

17,

In the bed of the Kuruman River, on the farms
Matlipani and Titanic, jaspilite has been faulted
against Ongeluk lave (personal communications:

Mr. P.J. Smit, Geological Survey).

Fault f 3

No Ongeluk Tillite is found between the Ongeluk
lava and the jaspilite of the Lower Griquatown Stage, in
the bed of the Kuruman River, although the tillite is
present in the vicinity. This is suggestive of faulting.
Northwards this fault would seem to extend west of the
Ongeluk Tillite, which, on Pioneer, is duplicated by a
small, local fault (information received from the
Geological Survey). The extension of this fault to the
south of the Kuruman River 1s difficult to determine but
it would seem to pass east of the Langdon Mine as lava
was encountered in a bore-hole drilled for water just

east of the workings.

Fault f 4

et 3t

In the bed of the Kuruman River where fault f 4

crosses it, the Ongeluk Tillite has evidently been
faulted against the Ongeluk lava. Northwards the posi-
tion of this fault can be found on the farms Venters
Rust and Karlsruhe where Ongeluk lava is again faulted

against the jaspilite (according to the Geological Survey).

Fault £ 5

<o o

The Ongeluk Tillite outcropping on the farms

Matlipani and Titanic, in the bed of the Kuruman River
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2

just fo the east of the outcrop of jaspilite, may bnc
duc to folding. However, the Ongeluk lava normally
does not lend itself to folding i»ut

rather to faulting. From bore-holes drilled for water
it would appear that a fault extends along the boundary
between Matlipani and Titanic (personal communication:

Mr. P.J. Smit, Geological Survey).

Fault £ 6

On the eastern rim of the workings of the Langdon
Mine the ore-body is terminated, presumably against a
fault, as Ongeluk lava was encountered in a bore-hole

drilled for water farther to the east.

The ore-body .on Devon terminates rather abruptly
to the west of the workings. For this reason faulting is

suspected.

Transverse Fractures

‘Vertical fractures which extend east - west, have
been observed in the Devon Mine (photo 6) and at the
Black Rock Mine (Folder 2). These fractures are now
filled with rubble near the surface whereas at depth, in
the Black Rock iline, the fracture is filled with material
resembling a bostonite.

v

D. THE MANGANESE ORE~BOD IES

< I
L -

The succession of manganese-bearing rocks varies
from mine to mine, Generally thé ore-bodies tend to
follow the stratification but they may also be lenticular.

Stratigraphically the manganese ore-bodies are
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confined to the following areas:-

The Eastern Belt - Hotazel, lLangdon and Devon
The Central Belt - Mamatwan, Adams and Smartt
The Western Belt - Black Rock

The location of ore-bodies other than those mined
(Folder 1) were determined by means of magnetic surveys

carried out by Messrs. S.A. Manganese Ltd.

THE FASTERN BZILT

HOTAZEL MINE

The Hotazel ore-body under a cover of Kalahari
limestone and sand consists of two oval basins joined
together on a common axis by a saddle-anticline, as
determined by drilling and by mining in the northern
portion (Fig. 2). The succession of the strata at
Hotazel is set out in Figure 3 (also photo 2) and is
described from the lowermost banded ironstone upwards

to the upper ore-body:-

Lowermost body of banded ironstone

Approximately 95 feet of banded ironstone lies to
all appearances conformably on the Ongeluk andesitic lava

(Boardman, 1964, p. 429).

Lower ferruginous, siliceous,
manganiferous, carbonate-rock

At the base of the lowermost manganese ore-body is
a ferruginous, siliceous, manganiferous, carbonate-rock,
which will hereafter be referred to as the 'carbonate-
rock'. The thickness and the extent of this rock is
not known (Fig. 3). At Hotazel the 'carbonate-rock' is
much altered (ferruginised) and is closely associated

with the ore-body. It is present in patches only and
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in the following localities:-

1) In a bore-hole drilled horizontally into the
foot-wall of the lower body along the western
face of the mine, a shaly, banded, hard reddish-
brown rock evidently represents the 'carbonate-
rock'. The bands are thin and accentuated by
an occasional band of red jasper (as in photo 7).
No carbonate-minerals were found in this area.

2) In a hole, 10 feet deep, in the floor of the
mine, a brown, ferruginous, jaspery rock with
numerous streaks and blobs of yellow opal, as
well as a little calcite and ouartz, was en-
countered. This jaspery rock is laminated in
places and is fairly soft, containing patches
of red jasper. No primary carbonate-minerals
were found in this area.

In a bore-hole drilled below the ore-body, this
'carbonate-rock' contains rhodochrosite and

w
~

ankerite in certain places (as in photo 96).

The Lower Ore-body

Overlying the lowermost banded ironstone is the
lower body of manganese ore which varies in thickness
from 60 to 100 feet. This body is not always composed
entirely of manganese minerals. In places, particularly
in the lower half, patches of ferruginised material are
common (photos 3a and b).

In order to facilitate mining operations the 'bench
method' of quarrying is employed, i.e. the lower body is

worked in a bottom cut and a top cut (photo 2).

(a) The Bottom Cut

This portion is aporoximately 25 to 30 feet in
thickness and consists largely of a dull, black, well-
layered manganese ore which resembles a black shale.

In places the ore is more massive than in the rest of
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the mine. Secondary enrichment, as a result of the con-
centration of hausmannite, cryptomelane and braunite, has
taken place along and across the laminations. In this
way the manganese content of the ore was increased and

the ore acquired a silvery, banded and streaky appearance.
The laminated ore contains numerous inclusions of remnants
of oolites@of grayish carbonate ranging in diameter from
0.5 to 2.0 mm. Calcite fills cracks and veins, parti-

cularly in the lower portion of the bottom cut where the

silica content is also rather high.

(b) The Top Cut

The top cut is approximately 20 to 30 feet thick
and the manganese ore is of a higher grade than that from
the bottom cut. The ore is also layered but secondary
enrichment is more common and massive ore consisting
mainly of hausmannite 1s prevalent.

Ferruginisation and silicification of the mangancse
ore are closely related as seen in the castern face of the
bottom cut where an irregular body of earthy hematite
(some 10 to 20 feet across), rimmed by a band of red-brown
jasper, one foot wide, is present in layered manganese ore.
The laminations of the manganese ore terminate against this
irregular, ferruginous body which is in no way laminated
(photo 3b). Furthermore, no signs of secondary enrichment
of manganese were seen in any of the ferruginised or
silicified patches except for microscopic

@ The term 'oolite'! is used for the round to oval

grains of mineral matter generally showing
concentric bands, and only when a relationship
with calcareous material is suspected.

Soard Af Hoi.
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veins (photo 47) although patches enriched in manganese
are present near by. Considering the abrupt termination
of the laminations against this ferruginous body it
seems reasonable to conclude that slumping mzy be

the eause.

During September, 1962, when mining operations had
not yet reached the bottom of the basin, ferruginisation
and silicification were limited to shrinkage-cracks,
with the manganese ors along them altered to red-brown
jasper over a distance of approximately one to three

feet. In places the cracks are filled with Kalahari sand.

The upper ‘'carbonate rock!

Between the lower ore-body and the middle boedy of
banded ironstone is a lenticular, shaly, transition-rock,
approximately 2 feet in thickness. The contact with the
ore-body 1s sharp whereas the contact with the banded
ironstone proper is gradational. Along the contact with
the ore is a strip of banded ironstone, 2 inches wide,
which consists of hematite and bands of chert. The bands
of chert contain minute, slender needles of amphibole.

No minerals of the carbonate group were found in this
rock. This transition-rock contains a little minnesotiate
and it resembles the ferruginous, siliceous, manganiferous,

carbonate-rock encountered below the lower ore-body.

The middle body of banded ironstons

Overlying the upper 'carbonate-rock' is some 70
feet of banded ironstone. The upper portion of this
banded ironstone has been subjected to sscondary ferru-
ginisation, possibly prior to the formation of the man-
ganese ore. The ferruginisation of this banded ironstone

has resulted in closely spaced hematite specks which
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give the rock a metallic appearance (photo 4).
A sheet-like, lenticular body of bostonite is

present in this banded ironstons (photo 2).

(a) The Bostonite

The bostonite is situated in the middle body of
banded ironstons. It is sheet-like, lenticular, and
tends to follow the planes of stratification although
the contacts with the banded ironstone are irregular
(photo 2). This body is some 10 to 20 feet thick in the
west and thins out to almost a stringer in the eastern
face where it deviates from the stratification to follow
a fault-plane for a short distance. Drilling results
indicate that the bostonite continues eastwards across
the line of faulting. The indications are that the
faulting antedates the intrusion of the bostonite.

Although no signs of any thermal effect were ob-
served in the banded ironstone along the contact with the
bostonite, a 'chill-zone' is present in the bostonite
along the contacts of the hanging and the foot-wall.

In these 'chill-zones' the bostonite is not altered to
the same extent as towards the middle portion of the
bostonite, where it is highly altered to a soft, green
to white, soapy mass of nontronite. The relatively un-
weathered bostonite is brick-red to reddish~brown in

colour, showing numerous laths of feldspar.

(b) The middle cre-body

This body of manganese ore is not mined at all
owing to its lenticularity. It varies in thickness
from a few feet to a mere stringer and it is not per-

sistently present.
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The Upper Ore-hody

This manganese ore-body, some 20 feet thick, is
situated between the middle and the upper banded iron-
stone (photo 2). The ore is hard and of a bright steel-
gray colour with a conchoidal fracture and it is massive.
In wsathered portions large, hard, rounded boulders are
found. The ore is of an unusually high cuality although
little sign of secondary enrichment has been observed.

The upper ore-body is overlain by slightly weathered
banded ironstone which in turn is overlain by Kalahari

limestone and sand (photo 9),

DEVON MINE

Devon Mine is situated approximately 2 miles due
south of Hotazel Mine.

The manganese body of the Devon Mine is situated in
the banded ironstone of the Upper Griquatown Stage and
tends to follow the stratification. To facilitate mining
operations the ore-body is worked according to the 'bench
method!'. The manganese ore~body is overlain by banded
ironstone, with Kalahari sand on top (colour=-photo on
front page).

Only one ore-body is present and it is on the same
stratigraphiéﬁhorizon as the lower ore-body at Hotazel,
although it is less laminated.

In places, at the base of the ore-body, a 'carbonate-
rock! is located just as at Hotazel, with manganesé??g-
placing it (photo 7). This 'carbonate-rock! is seen at
the southern entrance to the mine and also in the
northern part of the mine, on the contact between the
underlying banded ironstone and the manganese ore-body.

Along the northern part of the mine the manganese
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ore~body tends to cut for short distances across the
laminations of the banded ironstone. This may be due to
secondary replacement.

Extending east - west across the workings is a
transverse fracture (photo 6), 12 to 15 feet in width,
now filled with surface-rubble amongst which was found
weathered material in which nontronite predominates. In
the Kalahari Manganese-field nontronite appears to be
one.of the diagnostic products of weathering of the

bostonite.

The ore-body is approximately 50 - 80 feet thick,
dips at a shallow angle to the north and to all appear-
ances terminates against a fault to the west (Folder 1,

f 7). Towards the middle portion of the body the ore

has a more shiny appearance than that of the lower portion.
Towards the hanging wall side the ore becomes harder, with
brighter bands abpearing and in certain areas it re-
sembles a completely manganised banded ironstone although
no remnants of actual banded ironstone were found, Steel-
gray nodules, mainly of secondary hausmannite, elongated
parallel to the laminations, are coummon. Overlying the
manganese ore-body 1s approximately 30 feet of monotonous
banded ironstone which is in turn overlain by 5 to 10

feet of Kalahari sand.

LANGDON MINE

This mine is just across the fence and to the east
of Devon Mine and on the same manganese ore-body under
similar geological conditions except for a
thin bed of laterite between the banded ironstone and

the Kalahari sand. Mining operations are not being
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extension of the Mamatwan ore-body.

The ore-body is being mined in one cut, is approxi-
mately 45 - 50 feet thick and dips at 5° to 10° to the
northwest. The ors is dull and laminated near the base.
Higher up it becomes progressively enriched in respect
of manganese as a result of the appearance of nodules
and inconsistent, thin veins of hausmannite. The ore
also contains nodules mainly of cryptomelane as re-
placement-material. Veins of todorokite, approximately
z - 1 inch thick, are common in the ore-body, especially
in the upper half and they tend to follow the bedding.
One vein of todorokite was traced across nearly half of
the nine.

Near the hanging wall the ore is riddled with
horizontal joints along which calcite, originating from
the overlying body of limestone, is emplaced. The over-
lying body of Kalahari limestone i1s approximately 4O feet
thick and contains numerous inclusions of manganese ore
as well as a few pebbles of !'jaspsry' material and banded
ironstone. Higher up the bodf of limestone becones
whiter in colour and quite hard whereas just below the

sand cover the colour is a dirty brown.

SMARTT MINE

This 1is the only mine of the southernmost group
in which banded ironstone of the Upper Griquatown Stage
has been exposed during mining operations. Excavations
across the strike expossd the banded ironstone which
forms the hanging wall in contact with the ore-body.
The banded ironstone of the foot-wall is not exposed.
The ore-body is approximately 40 - 50 feet thick and
tends to follow the stratification of the banded iron-

stone which dips at an angle of approximately 150 to
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the west. Down dip bensath the gradually thickening

cover of banded ironstone, low-grade ore was encountered

(Fig. 4). Mining operations had been carried out along
the line of strike in open-cast workings for a distance
of half a mile to a maximum depth of 40 fest and a
width of 100 feet.

Near the base the ore is hard, siliceous and fer-
ruginised, with a banded appearancc accentuated by thin
bands of jasper. This rock resembles the 'carbonate-
rock', ©Slightly higher up the ore has a dull appearance
with numerous oolites and lenticular remnants of lime-
stone which tend to be concentrated in layers (photo 8).
Still higher up in the ore-body numerous nodules and
elongated streaks of hausmannite and bixbyite appear.
Near the top the ore is hard, bright and of a high
grade, Veins of todorokite are common and they tend to
follow the laminae in the ore-body. Near the hanging
wall veins of calcite originating from the overlying
body of limestone are common.

The banded ironstone has a yellow colour dus to
weathering and is overlain by approximately 5 to 10

feet of sand.

THE WESTERN BELT

The Black Rock Mine 1is situated near the extreme
northwestern end of the Kalahari ilanganese-field and is
referred to as the Western Belt merely for the sake of

distinguishing it from the rest.

BLACK ROCK MINE

Mining operations at Black Rock are carried out

mainly undefground although some open-cast mining is
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also applied.

Geology
At Black Rock Mine there are two areas in which
banded ironstone is found with presumably Ongeluk lava

in between:-

1) The ‘'hogback' of banded ironstone which
protrudes approximacely 90 fee® above the
nearly flat surface of Kalahari sand. I%
is roughly oval and measures 2,560 feet in
length and 600 fee’ in width across the widest
part. The strike of the major axis is roughly
parallel to the trend of the Kuruman Hills
to the east and %o the Korainaberg to the west.
In shafts and bore-holes this banded ironstone
has been proved to extend farther northwards
below the cover orf sand, for a distance of
approximately 700 feet.

2) A separate body of banded ironstone occurs
to the east of the ou*crop at Black Rock
(Folder 2) below the sand-cover and it was

found to con®tain several consistent bands of

mangansese ore and an igneous rock which is
apparentiy conformable with the banded iron-
svone. Just farther east this banded iron-
stone and its associated rocks are Terminated
against a coarse, gritty, purplish quart-
zite, presumably of the Loskop System. At
shaft No., 3 (Folder 2), which is no longer

in use, much brecciated material was collected
from the dump near by. The samples contain
bright-red jasper and streaks of shiny hema-
tite. Microscopic investigations showed

that the hematite is idiomorphic but shattered
and broken. The Jjasper is nmuch more bright-
red than the jaspery chert of the normal

banded ironstone of thes area.

John de Villiers (1961, p. 130) describes a coarse-

grained diabasic rock which was encountered in a bore-
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hole situated 1in between the two areas of handed iron-
stone. It is possible that this material is in fact
coarse~grained Ongeluk lava. Similar samples of Ongeluk
lava exanmined microscopically give the impression of
being a diabase.

The geology below the sand-cover immediately east
of the Rock as shown on Folder 2 has been transferred

from John de Villiers' publication (1940, p. 131).

structure

On first appearances the outcrop at Black Rock
seems to be an undisturbed succession of rocks dipping
to the west. Along the western flank of the hill the
ground drops gradually to the west, whereas the eastern
flank is more precipitous and consists of a series of
low, cliff-like steps and shelves in between. The cliffs
are formed by bhodies of manganese ore (photo 10) and the
shelves by banded ironstone. Closer investigation has
disclosed many irregularities in the structure. The
general but varying dip of the handed ironstone is 35°
to the west (photo 11) although dips to the east have
been observed in areas of local disturbances (Folder 2).
The banded ironstone is more reddish in colour in these
areas of Jocal disturbances than elsewhere and the
transition to the normal banded ironstone 1s gradational.
Further irregularities are obhserved in the form of
puckering of the banded ironstone which in some places
give way locally to hrecciation and faulting. Slicken-
sides in the manganese ore are common (photo 12) and
irregularities typical of more intense deformation were
observed in an example of asymmetrical and recumbent

folding encountered in the open-cast workings No. 2 and
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No. 4 (Folder 2). In the area of the asymmetrical fold
the manganese ore-body dips at 40° to the west and within
a short distance the dip is almost 90° (photo 14). =
During nmining operations along the centre of the fold the
banded ironstone of the foot-wall was encountered. In
the area of the recumbent fold the manganese ore-body is
found overlying the banded ironstone which in turn,

owing to infolding, overlies the same manganese ore-body
(photo 19). Mining operations underground have encounter-
ed a local thickening of the ore-body to as much as 80
feet in places. It is the opinion of the author that the
ore-bodies of this thickness are the result of repeated
folding, as shown in photos 13 to 15.

The apparent change in strike of the formations
which has resulted in a curved structural pattern, con-
cave to the west (Folder 2), is not altogether due to the
topography but is in fact a true change of the strike
and is in harmony with the broad structural trend farther
to the east.

The structural relationship of the suite of rocks
situated to the east of Black Rock and below the sand-
cover is set out in the profile on Folder 2.

During the mapping of the area four faults wers
located on the surface and two zones of small-scale
faulting wers observed underground. The position of
fault £ 1 on the surface corresponds with the fault-zone
encountered underground where the downthrow is on the
castern side., This agrses with indications on the sur-
face. Along the same line of strike as fault f 2 clayey
naterial representative of a highly weathersed bostonite
was encountered underground. The displacement along
this fault is hardly noticeable; the downthrow is on

the northern side. This fault is in actual fact nors
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of a transverse fracture filled with rubble at the surfacse,

similar to the fracture encountered in the Devon Mine.

Distribution of the manganese ore-bodiss

The main rock-type at Black Rock is a banded iron-
stone similar to the banded ironstone of the other mines
and the manganese ore-bodies are intercalated in itj
their distribution is indicated on Folder 2. Two main
groups of ore-bodies are observed:-

1) those forming the ‘hogback' which are the

only ones that have been worked extensively
to date;

2) those located below the sand-cover to ths
gast in shaft No. 3 (Folder 2).

At the Hotazel iline the manganese ore-bodies are
regularly intercalated in the banmled ironstone. At
Black Rock, however, the structure scmetimes reveals
greater intricacies, for instance in the portion on
Santoy where the manganese ore-body bifurcates (Folder 2),
with the most westerly branch of the fork cutting across
the lamination of the banded ironstone. This may be due
to a metasomatic process possibly resulting from severs
and prolonged tectonic stress. In fact, Boardman (196k,
p. 437) considers that the peculiar bifurcating and
lenticular habit of the ore-body at Black Rock strengthens
his supposition that the manganese ore originated di-
rectly from intercalated manganiferous limestone in the
banded ironstone succession. He states: "It is a well
known fact that under severe and prolonged tectonic
stress limestones tend to 'flow' from their original
bedded conformable habit to be virtually eliminated
from part of their original position and to 'flow' into

thickened lenses and even to twist back upon themselves
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to simulate a bifurcating habit"™. This could be exactly
what happened at Black Rock,

The manganese ore-bodies tend to be lenticular and
some are discontinuous, particularly the upper bodies.
Towards the hanging-wall side the ore-bodies become more
ferruginous and in some localities even grade into a
hematite ore. The foot-wall side may also be ferruginous
but to a much lesser extent. According to John de
Villiers (1980, p. 137) ferruginisation of both hanging-
wall and foot-wall sides is prevalent in the thick ore-
body located in shaft No. 3.

The contact between the banded ironstone and the
manganese ore~body 1s usually sharp (photo 10), varticu=-
larly along the foot-wall where within inches from the
ore-body the banded ironstone contains virtually no man-
ganese oxide. At the end of the ore-hody the transition
is more gradational. The contact of the manganese ore-
body may follow a single bedding-pnlane of the banded
ironstone for as much as 40 feet. THowever, the manganese
ore-body also transgresses across the laminations of the
banded ironstone, parficularly where the ore-body thickens,
Yellow, ochreous material or weathered banded ironstone,
only a few inches thick, is fairly common in the banded
ironstone portion of the contact.

Numerous coarse slickensides were observed in the
manganese ore (photo 12). They are probably related to
the intense folding, the indications of which are seen
at Black Rock.

At Black Rock there are only three consistent ore-
bodies (Folder 2) although along section AB four are

indicated,
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The lower ore-body is the only one that has been
worked underground. This body is 20 feet thick and
shows 1little variation in thickness along the strike, as
well as down the dip for some 500 feet, as seen in shaft
No. 2 (Folder 2). Farther down dip to 900 feet it
gradually thins out to approximately 8 feet.

Some 10 feet above the lower ore-body is an in-
consistent seam of ore which is followed within a few
feet by the middle ore-body, some 20 feet thick. The
lower portions of the middle ore-body is of high grade,
whereas near the hanging wall the ore is more ferruginous.
This ore-body has been worked only near the surfacs.

The upper ore-body is the one indicated along
section AB and is not considered to be the same as the
ore-body in No. 1 open-cast working (Folder 2). This
upper cra-body is markedly lenticular and inconsistent
and transgresses across the laminations of the banded
ironstone to the extent that in places it is in direct
contact with the middle ore-body. It is also unpredict-
able as far as mining is concerned, as has already been
proved in the extensive open-cast workings No. 1 and 2.
The lower portion of the ore-body is of a dull steel-gray
colour and of a low grade. It becomes markedly ferru-
ginous nearer the hanging wall and in places it is
virtually a nanganiferous iron ore. This is the only
area in the Kalahari Manganese-field where a major
transgression of the ore-body across the laminations of
the banded ironstone was observed.

The downthrow of fault f 2 is on the northern side
and it is therefore considered that just below the
ferruginous portion in No. 1 open-cast working a higher
grade of ore should be enoountered, presuuaably similar

to that mined in No. 2 working.
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Little is known about the distribution and the re-
lationship of the ore~bodies situated to the east of
Black Rock, below the sand-cover. The rocks encountered
by mining in this area have not been examnined by the
author as the shafts are no longer accessible. However,
for the sake of completeness the information supplied by
John de Villiers (1960, p. 139) warrants a brief discussion.
According to him, four zones of mineralisation can be
traced within a thickness of 350 feet of banded ironstone.
The four zones have given rise to four separate ore-bodies
that vary in thickness and in manganese content. He

numbered them 1 to 4 from west to east:-

Ore-body No. 1 which is nearest to the outcrop of Black

Rock is remarkably consistent in thickness and in quality
along strike and down the dip. In the cross-cuts near
the surface as well as in the bore-hole, it is approxi-
mately 20 feet thick where it was intersected at
approxinately 350 to 400 feet below the surface. Near
the surface as well as at depth the grade of the ore is
of the order of 40% lin and 10% to 20% Fe.

This description corresponds with that of the lower

ore-body of the 'hogback'.

Ore-body No. 2 is ferruginous and never exceeds 4 feet

in thickness.

Ore-body No. 3 appears to represent the main develop=-

ment of ore in this area. It varies in thickness fron
45 to 90 feet. The sides tend to be ferruginised and
the over-all quality of the ore scems to be about 40% Mn
and 15% Fe.

Ore-body No. % is nearer the top of the succession of

banded ironstone. It varies in thickness from 10 to 20
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feet and is highly ferruginous.

From this description it would seem as if No. 1
ore-body may be correlated with the lower ore-body of
the 'hogback'y, No. 2 ore-body with the inconsistent seam
of ore, No. 3 ore-body with the middle ore-body and No, Y4
with the upper ore-body. This correlation is suggestive
of folding as also postulated by Boardman (1964, p. L430)

and as shown in the profile AB of Folder 2.
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ITZ. MINERALOGY OF THE ORE

INTRODUCTION

The investigation of the ore from the Kalahari
Manganese~figld comprised the study of polished sections
and, in rare instances, polished thin sections. The
minerals were identified by means of X-ray diffraction
techniques, supplemented by chemical analyses, spectro-
chemical determinations, X-ray fluorescence, differential
thermal analyses and to a lesssr degrec by etching-tests
and electron-diffraction methods. Individual samples
normally contain at least four minerals usually intimate-
ly intergrown and the “ifficulty and importance of ob=-
taining pure samples for X-ray indentification can
scarcely be over-emphasized.

The material for X-ray identification was removed
from polished sections by msans of a micro-drill which
contains a cut diamond sharply pointed and inserted in the
microscope in the position of the objective (photo 16).
Whilst observing the magnified image (20 x) under oblique
illumination, drilling was carried out by rotating the
stage and the fine powder obtained in this way was trans-
ferred to a small ball of rubbsr-solution which was pre-
pared in advance between two glass slides. The rubber-
ball, =pproximately 0.2 mn.in diameter, was mounted on
the tip of a glass-fibre needle approximately 0.1 nm
thick which was then placed in the X-ray camera. In
rare instances where the unknown mineral was in a narrow
vein (photo 17) too small to bs drilled, an improvised
micromanipulator was used, which consists of a sapphire

stylus attached to a pin vice and fitted to the stage
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of a second microscope alongside it. Micro-scraping
movements, continually observed under high magnification
(100 x),were controlled from ths second microscope by
means of a mechanical stage holding the pin vice.

In many of the ores some of the minerals are so
finely intergrown that in spite of the precautions
nentioned, some of the matsrial for X-ray diffraction
still consisted of mixtures which complicated investi-
gations. Furthermore, besides the difficulty of obtain-
ing mono-mineralic material for X-ray diffraction, nmany
of the patterns obtained from manganese minerals are

diffuse. The reason for this may possibly be:-

1) Non-crystallinity of the material. Soise
of the manganese minerals, particularly
those minerals from the psilomelans group,
consist of small crystals or are even of
colloidal size. As the size of the crys-

tallite diminishes the width of the X-ray
lines increases until the lines assume a

diffuse character. According to Klug and
Alexander (1954, p. 38hk) back-reflection
lines disappear at sizes less than 0,01
micron and «'1 ~d o 2 ars not resolved.
According to them crystallites of 0.1

micron and more should give sharp diffraction

patterns.

2) Strain in the lattice which may be dus to

impurities and to randomness of the atomic
arrangcnent in a layered structurs.

Many of the X-ray diffraction patterns taken during
the course of this investigation were too diffuse to be
identified and consequently more than the normal number
had to be taken. A Philips X-ray apparatus was used for
this work with Fe-radiation for the manganese minerals and

Co-radiation for the others.
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THE MINERALS

The inferpation cn the properties of the minerals
outlined in this chapter comprisss the results of the in-
vestigation of samples from the Kalahari ilangansese-field,
but would also be applicable to minerals outside that areca.
Altogether 28 minerals are described and as far as possibles
according to the paragenetic sequencs, from the early stage

to the main stage.

1) Wad

This soft, black mineral is present in earthy masses
and readily soils the fingers. It can be described as
amorphous owing to the impossibility of obtaining an
X-ray diffraction pattern. Dispersed through the
amorphous material are minute hematite granulss.

Wad occurs mainly at Devon, Langdon and Hotazel and

is often altered to cryptomelans (photos 189 19). Whether

the wad present had formed owing to lithification or as a
secondary product is not certain.

2) Rhodochrosite - MnCO3

Physical choaracteristics: It is present as distinct

crystals in beautiful clear rhombohedrons r(lOil) and
also in globular form when fine-grained. The cleavage
(1011) is perfect azd the colour varies from rose-red,
yellowish pink, red-brown to gray. The red-brown to

gray rhodochrosite is mostly fine-grained. The molecular
percentage of CaCO3 in rhodochrosite was determined from
Goldsmith's graph (1957, p. 312) after calculating
Ad(loh) for pure calcite and rhodochrosite from the
Kalahari Manganese-~-field. The CaCO3 in the following
samples of rhodochrosite were determinasd:

a) the rhodochrosite illustrated on the

frontispiece - 2 mol. %
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b) a sample of the material used for analysis
5 (Table 20) - 17 mol. %

/

Optical propertiss: € = 1.621 (sodium light) for the

sample shown on the frontispiece. This sample probably

. MaCO2 - /
contains gateite asfar pure MnCO0y £ = 1,702

Occurrence: The minsral occurs sparingly at Hotazel line
and then in vugs. It is often associated with selenite
(frontispiece). It is present at Mamatwan kiine in the
'carbonate-rock! as remnants (photo 9 - pol.secs. 7, 7a)

where it is replaced by pyrolusite.

Diagnosis: The composition in the series CaCO3-MnCO3
was determined by means of X-ray diffraction techniques

to be near to that of MnCO3.

3) Calecite - CaCoO

3

Calcite is found as a secondary product mainly in
veins in all the mines of the Kalahari ilanganese-ficld.
In the mines of the Central Belt it alsoc represents
remnants of the original sedimentary carbonate (photo 8).
At Adams this original material contains more magnssium

than at Smartt.

4) Braunite

s o v o S s

Problems of classification are often encountered
among certain manganese ninerals. A.similar situation
exists in the braunite group of minerals: the ideal
composition of ordinary braunite is 3Mn203.MnSiO3 and
most analyses conform reasonably well with this formula.
However, J.E. de Villiers (1946, p. 7) has‘reported the
occurrence of a so-called ferrian braunite from the

mine at Black Rock with less than half the silica content
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required by the ideal formula and containing in addition
an appreciable amount of iron and alkaline sarths
(Table 3).

- Braunite has been found in many localities since
its discovery by Haidinger in 1826. Most analysed
specimens have a §10, content close to the 9.98 weight
per cent required by the ideal formula. Results for
specimens from India are given by Fermor (1909, p. 75)
and a genceral summary of the older analyses by Koechlin
(1926). More recent results are given by Palache,
Berman and Frondel (1951, p. 553).

Goniometric measurements show braunite to be
tetragonal and c¢/a is given as 0.99. However, Aminoff's
X-ray diffraction measurements indicate that a ~ 9.5,
¢~ 18.9 £ and hence the true axial ratio is 1.99. The
space group is a matter of dispute.

A few of the many chemical analyses reported for
braunite ars included in Table 3 and at this stage it
is desirable to compare only the results for standard
braunite specimens, for example those from the Northern
Transvaal, the Kalahari and L8ngban, with the Kalahari
braunite of J.E. de Villiers. The most striking dif-
ference between these analyses of braunite is the 8102
content of the braunite of J.E. de Villiers which is
4.4 per cent, a value less then half the standard value.
The appreciable Ca0 and Fe203 contents are also noteworthy
but not exceptional, as reference to the other specimens
in Table 3 will show. Goniometric examination by J.E.
de Villiers (1946, pp. 7 - 10) of crystals of the
braunite from the Kalahari shows it to beé tetragonal
with the c¢/a ratio similar to that of ordinary braunite
but with a different face development. X-ray powder

photographs of this Kalzhari braunite taken by the
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author also reveal small but definite differences. The
results are suggestive of a real diffsrence between the
two varieties, but are hardly conclusive. Accordingly it
was decided that a more intensive study of ordinary
braunite and the braunite of J.E. de Villisrs is necessary
and that X-ray diffraction techniques, as applied to
single crystals, would be most likely to show up any

real difference.

X-ray study of single crystals

On the suggestion of the present author Dr.
Herbstein at that time of the Council for Scientific and
Industrial Research carried out the investigation of
single crystals of braunite in order to obtain more in-
formation on the differences of two possible variations
of this mineral as deduced from the evidence submitted
above., The ordinary braunite studied is from the arena-
ceous beds of the Loskop System on the farm Weenen, some
80 miles northwest of Potgietersrust, Northern Transvaal.
Menganese is present in the low-grade ore as braunite,
psilomelane and pyrolusite (John de Villiers, 1960, p. 215).
The ore is of a sedimentary origin with supergene en-
richment. This sample was selected from the collection
of the Geological Survey, Pretoria, because of its
granular nature and chemical purity; however, no well-
formed crystals were found. Only small fragments without
recognisable faces were available and they were oriented

entirecly by X-ray methods.

Dr. Herbstein reported as follows:-

"Heedle-shapcl crystals of braunite were obtained

from J.&. de Villiers'! specimens and were mounted about
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the nesdle axis [001} for X-ray photography. As this
mineral seems to be an ordered version of ordinary
braunite 1t is given the provisional label braunite-II.
"Preliminary photographs to determins cell dimen-
sions were taken by the oscillation and the Weissenberg
techniques, but it soon became clear that, because of
the size of the unit cells, the Buerger precession
camera would give much more reliable results for the
systematic absences. A combination of methods was there-~
fore decided upon. Despite a fairly high fluorescence
background, Cu Ko radiation was found suitable for the
oscilliation and the lieissenberg photographs, while

Mo K was used for the precession photographs.

"Braunite (ordinary)

9.4% &+ ,005 R

18.74 * .01 &

(Wavelengths used: Cu Ky mean 1.5418, Ky ; 1.5405k4 R,
Kt , 1.54436 £))

I®
u

c

The standard deviations are rather roughly estimated.

Systematic absences: hk{ absent for h + k + /4 « 2n

%ko L "oh (k) £ 2n
okl v wo A (k) £ 2n
hk £ " mo (L £ 2n), 2h +{£ 4n

The space group is thus uniquely determined as

Dﬁg-lul/acd (No. 142 of International Table 1952).

"Walues of cell-dimensions have been reported for
a number of specimens of braunite of different origins
(Table 4). A detailed comparison is made difficult
owing to the uncertainty whether the earlisr results are

actually in kX units, although reported as % units. To
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change from kX to 2 units would be by adding 0.02 % for
a and by adding 0.04% & for c.

"Aninoff (1931, p. 15) reported the space group as
Dig - lhlamibut this was disputed by Bystrdm and Mason
(1943, p. 4) on the grounds of the appearance of a (550)
reflection on a Welssenberg photograph. On the basis of
their structure analysis these authors chose D%g - 1lhc2.
Mukherjee (1959, p. 334) found a (130) reflection in his
powder patterns of braunite and chose Dig - 14/mmm as the
space group. A carcful search has been made for these
reflections on the precession photographs but without
success, which confirms Aminoff's original proposal.

"The analytical figures (Table 3) for the two
specimens from the Kalahari were used to calculate the
contents of the unit cell. These contain 8 formula units
of composition Mn6.66FeO.llcaO.lSBaO.OlSiO.9h012 for
sample 1 and Mné.SMFGO.OHA10.18810.95012 for sample 2.
The calculated densities for the two specimens are
4.769 and L4.742 gcm'3 respectively while the calculated
density for the ideal composition Mn7SiO12 is 4,812
g.cm"3. In these calculaticns the oxygen content of the
unit cell dimensions (9.55, 18.76 &) has« been assumed
for all three samples. The measured density of specimen
2 is 4,76 g.cm'3 which is in good agreement with the
calculated values. The crystal structure given for

braunite by Bystr#m and Mason (1943) cannot be entirely

correet because they used the incorrect space group."

The crystal structure is now being re-analysed by
Dr. Herbstein and Mr. J.P. Roux and the results will be
reported elsewhere;

The report by Dr. Herbstein continues as follows:
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"Braunite~I1
a = 9.4 * 0,005 R
- 37.76 % 0,01 R

The g-spacing agrees within the limits of error with that
of braunite but the ¢-spacing is significantly greater
than twice that of braunite, the difference being

0.2% ¥ 0.014 R. The systematic absences lead to the

unambiguous determination of the space group Dﬁg ~ lhl/acd.

"The analytical figures for braunite-II were used
to calculate the contents of the unit cell, which con-
tains sixteen formula units of composition
Mns.80Fel.25CaO.46Bao.008810.45012 (the oxygen content
of the unit cell has been normalized to 192 atoms).

The calculated density is %.83L4 g.cm"3 which is rather
higher than the measured value of 4.727 g.cm'3.

J.E. de Villiers (1946, p. 10) observed that the measured
density of braunite~II is likely to be lower than the
true value because of the 'somewhat porous nature! of the
material,

"It is interesting to note that there are 7.2 Si-
atoms per unit cell, and 7.4 Ca-atoms are ordered in two
different sets of eightfold positions. The stronger
reflections on comparable precession photographs of
ordinary braunite and braunite-II show a resemblance
both in arrangement and in relative intensity, but there
are appreciable differences for the weaker reflections.
This is consistent with similar general arrangements of
oxygen atoms and metal atoms in both structures, the
differences probably arising from ordered arrangements
of some of the metal atoms in braunite II, together
with some differences in the arrangement of oxygen atoms,

"A full structure analysis by means of X-ray

methods, which is now in progress, will be required to
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check these suggestions; unfortunately X-rays ars un-
likely to give any indication of possible ordering of
the iron atoms and recourse to neutron diffraction would

be necessary to settle this point."

Powder patterns of ordinary braunite and

braunite-II

Powder patterns of ordinary braunite have been
given by Smitheringale (1929), Harcourt (1942) and
Mukherjee (1959). A pattern of the ordinary braunite
from the Northern Transvaal was also prepared. The
various results are in reasonably good agreement. The
pattern given on ASTM Card No. 8 - 78 is a somewhat
modified composite of the results of Smitheringale and
Harcourt. On this issue Dr. Herbstein renarked (un-
published report):

"The best available pattern is probably that of
Mukherjse (his Table 1) but some corrections arec re-
quired. The most inmportant correction is that the line
with d = 2.96 & (I = 10) is not the (130) reflection but
is due to an impurity. Harcourt also gives this line,
but it does not appear in the pattern of braunite-II.
Mukherjee also lists some other indices which violate

the space group, but these should be ignored."

The powder pattern of braunite-II was determined
(11%,6 nm camera, Fe Ky radiation) and the results are
given in Table 5. Some lines due to impurities have
been eliminated by comparing the observed powder pattern
with a calculated version based on the single-crystal
results. As intensities of reflection from the single-
crystal patterns were not yet available, multiple-

index coincidences due to the large size of the unit
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cell could not be eliminated by Dr. Herbstein. For this

reason indices have been omitted in Table 5.

Discussion

The diffserence found between ordinary braunite and
braunite-II will be used as the basis for discussion of the
significance of other reported deviations from the ideal
composition in minerals of the braunite znd bixbyite
groups.

The silica content of most specimens of braunite
lies in the range 8 - 10 weight per cent and thus agrees
reasonably well with the silica content based on the
ideal composition. Braunite-II is the only exception to
this statement as the low values of silica reported for
somie specimens (see Koschlin, 1926, for sumisary) generally
cone from older analyses of doubtful reliability. It is
noted that a value of 3.93 weight psr cent SiO2 has been
reported in a sanmple from Brazil (Jegek, 19103 analysis
No. 32 of Koechlin's surmary) and this nay be worth
following up.

Dr. Herbstein observed (unpublished report):

"Two specimens of braunite from India contain
appreciable amounts of alkaline earths and both Fermor
(1909, p. 68 and 76) and Bystrdm and iason (1943) have
already pointed out that the composition of the Kajlidongri
specimen can be written as 3Mn203.(Mg,Ca)SiO3. It may be
quite possible that the alkaline earth atoms of this
sample were ordered, but it is unlikely that the braunite
from Sitapar, with only half an atom of alkaline earth
per formula unit,; has these atoms ordered. Diffraction
effects resulting from ordering would be small and
hence difficult to detect by qualitative methods.

Examination of the specimen from Kajlidongri may give
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interesting results.

"Alkaline earths have also been considered as
essential constituents of sitaparite (Mason, 1942) al-
though this is not supported by analyses given by
J.E. de Villiers (1946, p. 11) for two samples of
sitaparite from Postmasburg which contain virtually no
alkaline earths. Fermor's (1909, p. 50) original
analysis of sitaparite gave 6.14 weight per cent Ca0 and
1.02 weight per cent Mg0O, but this only amounts to 3
atoms of alkaline earth per unit cell and it is thersfore
unlikely that these atoms are ordered. Both Mason (1942)
and Wukherjee (1959) have obtained powder patterns of
various samples of sitaparite and they were found to be
identicalwith the powder patterns of bixbyite. Mukherjee
has reported that the presence of the (310) and (510)
lines in his photographs precludes sitaparite from having
the same space group as bixbyite (Tg I=23). The earlier
results of Zachariasen (1928) and Pauling and Shappel
(1931) for bixbyite have recently been confirmed for a
synthetic sample of Mn203 (Swanson, Cook, Isaacs and
Evans, 1960) and it seems possible that the additional
lines in liukherjee's pattern were due to impurities.
Confirmatory photographs on single-crystals would be
desirable, but it is noted that the available evidence
for differences between bixbyite and sitaparite is much
weaker than for ordinary braunite and ‘brauvnite-II or
gven for ordinary braunite and braunite from Kajligongri.

"Iron is also an important substituting eclement
in the braunite and bixbyite groups. Samples of bix-
byite of varying iron content have been shown to corres-
pond with the wide range of solid solution of Fey03 in
Mn,0, established experimentally (Mason, 1942 and 194k
Muan and SBmiya, 1962, p. 239). It has also been shown
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that the cell dimension of Mh203 is little affected by
Fe,04 (Muan and Somiya, 1962, p. 239). It is thersfore
reasonable to suppose that even the braunite from Mason
County, with 15.4 weight per cent F3203 (Table 3), has
the same crystal structure as ordinary braunite and
should be called ferrian braunite in terms of the nomen-
clature of Schaller (1930). lore subtle effects, such
as ordering of Fe and Mn atoms, could only be detected
by neutron diffraction or, perhaps, by suiltable magnetic
measurenents.

"Tt is concluded that it is only in braunite-II
that there is experimental evidence for atoms of alkaline
sarth occurring in an ordered arrangement as substitution.
There is a possibility of ordering of atoms of alkaline
earths in braunite from Kajlidongri, but 1t is unlikely
that this occurs in other samples of braunite or in sita-
parite. Ordering of the atoms of iron and manganese also
appears unlikely, but could not have been observed by
X-ray diffraction. Whether braunite-II should be con~-
sidered a separate phase from ordinary braunite cannot
be settled on the available evidence but nust await the
results of the analyses of the crystal structure of both
species and perhaps also a study of their inter-converti-

bility."
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CHEMICAL COMPOSITION OF VARIOUS BRAUNITES

ld

.0 {ALATART b HMASON
2oV BRAUNITE TRANSVAAT, LINGBAN COUNTY KAJLIDONGRI SITAFAR KALAHART
in310, BRAUNITE BRAUNITE FERRIAN BRAUNITE BRAUNITE BRAUNITE-II
- 1 2 BRAUNITE
10 ) 82.13 40.10 42.3 39.9 78.91 66.89 37.98 41.10 31.5
) oz il
tnog) 46.50 43.6 39.6 40.93 37.10 43.3
C T.94 T+35 6.27
?e,c3 (incl. Al ~ 144 2.1 T4 - 15.39 1.59 8.84 16.3
Fel - 3.81 - - - -
¢a0 - 1.40 2.2 1.3 0.34 0.06 3.85 4.28 4.3
Bal - 0.13 - - - - 0.09 - 0.2
Mgl - 0.1 0.15 0.10 4.36 0.94 -
310, 9.93 9,32 9.6 9.9 9.98 9.90 10.26 8.52 4.4
Remainder 1.40 1.57 0.10
‘ (7,0 0.733 (2.0 at (5,0 at
¢ 2 18000)
insol. 100°¢C)
i
5 gangue
; 0.67
Total 100.00 98.89 | 99.8 98.3 100,45 100,10 100,63 100. 88 100.0
H )
3pec. Gravity 4.67 4,76 - 4.72 4.73 4.704 4,798 4,727
Reference BH. de Yilliers . Dana Hewett - J.8. de
Sample and and Fermor Fermor Villiers
/ Z’ “\ /-r_‘r: . s = Q N
(1946 ip“iiii Dana Schaller (1909) (1909 (1946)
1 Y o ,
brontine (1944) | (1937)
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TABLE L.

T et c———————

Cell dimensions for various specimens of braunite

T } !

Specinen a c Units | Ref.
Synthetic (from inS0), 19.41 + ,01) 18.64 %.02! £ 2 | (a)
and Na28103 )

L8ngban 9.42 18.67 292 | (a)
Lohdongri |
(Nagpur, India) 9.42 - 18.72 29 | (a)
Nagpur 9.36 18,77 Beo | (v)
Kacharwahi, ;
Nagpur 9.402 18.740 i 2 (c)
N.Transvaal 9.44+ ¥ ,005| 18.76 3.01: A (a)
|

References: (a) Bystrsm and Mason 9 (1943)
(b) switzer (1938)
(¢) Mukherjee (1959)
(d) This treatiss.
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TABLE__ 5.

X-ray powder data (Fe Kyx radiation)

Braunite (ordinary) | Braunite-II
(Mukherjee, 1959, p. 335) (11% nm  camera)

]
1/Io d 8 } I obs d obs (&)
10 5.36 |
20 L.65 !
10 4.54
15 4.15
30 347 40 3.68
10 3.32
10 2.96
100 2.710 100 2,72
15 2,508
5 2.405
40 2.345 60 2.35
L5 2.141 10 2.10
20 1.996
10 1.91%5 10 1.913
20 1.871
10 1.841
15 1.803
20 1.735
5 1.681
80 1,659 90 1,666
20 1,537
10 1,517
25 1,501 .10 1.499
20 1.464
60 1.418 70 1,423
30 1,412
15 1.368
25 1.355
20 1.265 10 1.26
10 1.23
20 1.175 10 1,176
20 1,164 15 1,162
10 1.146 10 1.1%1
50 1.078 30 1,081
1.07
) 1.051 20 1,052
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Y(a) Braunite (ordinary)

Physical characteristics: It is non-magnetic and its

hardness is 6.

Optical properties: Its colour in reflected light is

slightly brown. The bireflectance is difficult to ob-
serve and the anisotropism is only Jjust noticeable in

0il (photo 20). Braunite is replaced by cryptomslane
along grain boundaries (photos 21, 22(a) and (b) - pel.
sec, H2) and sometimes it is intergrown with bixbyite
(photo 27 - pol. sec. BR 1lc) and braunite-II along certain

crystallograrhic directions.

Occurrence: The nineral is present in all the mines of

the Kalahari Manganese-field as a najor constituecnt of the

nrc, cxccpt at Hotazcl where it forms only a minor constituent.

Diagnosis: Its similarity with bixbyite, braunite-II

and hausmannite can be confusing. However, bixbyite is
more yellow, braunite-II is lighter brown and haus-

mannite has internal reflections and strong anisotropism.

4(b) Braunite-II

Physical characteristics: Braunite-II 1s non-magnetic

and the crystals observed vary in length from 0.5 to

20 nm  (photo 23). Interpenetration-twins (photo 24%)
and contact-twins were observed. Seni-quantitative
spectrochemical determinations show that braunite-II
contains 0.05 per cent Al and 0.005 per cent each of Cr,

Co, Ti, Ag, Cu and Sr.

Optical properties: The colour of braunite-II in re-

flected 1light is yellow-brown. The bireflectance is
difficult to observe and anisotropism is weak like

braunite, however slightly strongsr. It is sometines
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intergrown with ordinary braunite along certain crystallo-

graphic directions.

Qccurrence: It is present only at Black Rock kine, often

in vuggy ore and associated with andradite. Some of thse
crystals are rimmed and replaced by cryptomelane (photo

25 - pol, secs. BR la, b, c).

Diagnosis: Braunite-~II is very similar to ordinary
braunite and bixbyite. Its colour in reflected light is

intermediate between that of the lgst :» two minerals.

5) Bixbyite (Sitaparite, partridgeite) - (Mn,Fe)203

Mason (1943, pp. 117 - 125) found bixbyite and
sitaparite to be structurally identical. He suggested
that the name sitaparite be discarded. J.E. de Villiers
(1943, pp. 336 - 338) disagreed with this scheme of Mason
and suggested that the name sitaparite be retained. In
addition he described a new species, partridgeite,
natural Mn203 with only a small substitution of iron for
manganese. His words are: "... I suggest that the naie
partridgeite be applied to those manganese-iron
sesquioxides containing less than 10% F6203, sitaparite
to the sesquioxides containing betwesen 10% and 30% Fe2O3
and bixbyite to the mineral with more than 30% Fep03"s
Fleischer (J.E. de Villiers and Fleischer, 1943, pp.

468 - L469) recommends that the name sitaparite be dropped
and the other two be retained.

Mason (1944, pp. 66 - 69) comnented on this
classification and by means of a phase diagram showed
that the homogencous mineral (Mn,Fe)203 can be subdivided
into two components of two composition ranges:-

a) Those of pneunmatolytic or fumarolic origin,
with a F6203 content from 40 - 60%
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b) Those occurring in netamorphosed manganese

ores, with a Fe,05 content from O - 30%.

Mason points out that he has a good case for subdivision
but does not consider it necessary and recoimmends that the
name bixbyite be retained to cover the (Mn,Fe)2O3 group.
The status of partridgeite has been questioned in Dana's
system of Mineralogy (7th edition, p. 551) where the nine-
ral is considered to be identical with bixbyite.

A sample of 'partridgeite! taken from the collection
of the Geological Survey, Pretoria, was examined by means
of X-ray powder diffraction (Table 7) and the cell edge

was determined.

TLBLE 6.

Cell edra of tembers of the(MnFeyO3 groun,
<

Locality of sanmple Cell edge (&)
Partridgeite (Synthetic ASTM card 9.411
No. 10 - 69)
Partridgeite (Museun, Geological 9.407

Survey, Pretoria)

Bixbyite (4STH card Noc. 8 - 10) 9.38%

It seens as if a series exists in the (Mn,Fe)203
group of minerals with Fe substituting for Mn. Whethsr

this calls for a subdivision is a matter of opinion.
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TABLE 7.

B ]

X-ray diffraction data.

(Fe-rad.)
Bixbyite (A.S.T.i.) Partridgeite (114 mm camera)
(No. 8 - 10) (Geological Survey, Pretoria)
a (%) I/Io d-(meas.) I(obs)
4,68 10
4,21 10 x 4.058 10
3.83 60 3.83 60
3.35 10
2.99 30 x
2.72 100 2.715 100
2.51 20 2.51 20
2.35 40 2.3% 40
2.21 20 2.21 10
2.11 10 2.09 10
2.01 40 2.003 40
1.924 10 1.91 10
1.873 40 x 1.85 40
1.719 25 1.71 10
1.657 90 1.65 90
1.617 20 1.61 10
1,567 20 1.56 10
1.530 30 1.52 20
1.483 20 1.48 10
l.h454 30 1.45 20
1.%21 80 1.42 70
1.388 40 1,38 20
1.359 30 1.355 15
1.330 10 1.325 5
1.307 20 1.302 10
1.282 30 1,278 30
1.258 20 1.258 10
1.177 %0 1.177 30
1.157 40 1.156 35
1,141 30 1,139 30
1.125 30 1,123 30
1.10 30 1.106 10
['o 30
%:979 79, 1.078 30 =
1.052 0 1.0496 40

X lines not present on patterns by Zachariasen,

(1928, p. 457).
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Optical propertiss: The colour in reflected light is

khaki-green. Twinning is occassionally seen (photo
26 - pol. secs.BR la, b, ¢). The nineral is often iso-

troplc but is sometimes also weakly anisotropic.

Occurrence: Bixbyite is common in ore from Hotazel and
Black Rock as veins, as intergrowths with braunite along
certain crystallographic directions (photo 27 - pol. sec.
BR 1lc), as replacement residues in pyrolusite and

goethite and as idioblasts from pyrolusite (photo 71).

Diagnosis: Optically there is a close resemblance with
braunite~II and jacobsite. However, the reflectance of
braunite-II 1s rnors brown and that of jacobsite more
olive-green. Braunite-II 1s anisotropic and without

twinning.

6) Hausmannite - Mn30h

Physical characteristics: It is grayish black, has a

submetallic lustre and a distinct cleavage. Hardness == 5.

Optical properties: The colour in reflected light is

dark-gray and is suppressed in oil. Its bireflection is
distinct and its anisotropism is strong with the colours
varying from gray to bluish- and dark purple-brown. In
0il it has deep-red internal reflections and a clouded
appearance like watered silk (moire sheen - Ramdohr,
1956, p. 54). Certain orientations have a finely
scratched appearance which is diagnostic (photo 28 =

pol. sec. H10).

Qeecurrgnce: Coarse- and fine-gralned types ars present

in Hotazel (photo 29). Fine-grained hausmannite is
rarely twinned but coarse-grained nearly always so

{(photo 30 - pol. sec., H10). It is replaced by many
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minerals and relic textures are common (photos 31, 32, 33

pol secs. A4, D3, D6).

Dizgnosis: The internal reflections, twinning, scratches
and moire shesen colour are all features that make identi-
fication of hausmannite easy. Its twinning distinguishes

it from the rather similar manganits.

7) Jacobsite - FeO,Mn203

Physical characteristics: Jacobsite forms an unlimited

solid solution series with magnetite. The mineral is

strongly nmagnetic like magnetite and takes a good polish.

Optical propertiess The reflective colour is gray with

a distinct olive tint and the reflsctivity is strongly
diminished in oil. Deep-red internal reflections are

sometimes seen in oil.

Occurrence: It is present at Hotazel (photo 3% - pol. secs.
H1l), Langdon (N1) and Eersbegint (photos 35, 36 - pol.
sec. E1), The mineralin some Spﬁgggggfns minute in-
clusions of hematite (photos 37, 38, 28, pol. secs.

H7, 9, 10), and is often intergrown with hausmannite as

an exsolution product (photo 39). Sometimes it is formed
from pyrolusite (photo 37).
Diagnosis: Jacobsite may be confused with magnetite,

braunite and particularly bixbyite. However, the re-
flective colour of magnetite is more gray without the
olive tint and bixbyite is more yellow. Jacobsite is
decidedly negative to the polishing test to which most
magnetites are positive, viz. the magnetite exanined
becane blue-gray when given a brief final polish on a

dry lead lap. Braunite never has internal reflections.
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8) ilagnetite - FeO.FeZO3

Optical properties: The reflective colour of magnetite

is gray with a brownish tint. When polished on a cloth
the colour is pinkish but when given a brief final polish
on a dry lead lap the colour of most magnetites is blue-

gray.

Occurrence: The mineral is present as a mosaic of roundish

grains (photo 40 - pol.sec. H9) and also as idiomorphic

crystals and distorted veins (photo L41).

Diagnosis: Magnetite may bs confused with jacobsite and
braunite. The reader is accordingly referred to the

diagnosis of jacobsite.

9) Hematite - Fe203

Optical propertiegs: The reflective colour is gray-white.

Ogcurrenceg: Hematite 1s common in ore fronm the Kalahari

Manganese-field

a) as minute inclusions in jacobsite (photos 28
and 38 - pol. secs. H7, 10), nsutite (photo
90 - pol. sec. H10) and goethite (photo 42 =
pol. sec. H10)

b) as crystals either coarse- and fine-grained
(photo 46 - pol. sec, BR 3E) or rimmed by
jacobsite (photo 43 - pol. sec. H5) or with
inclusions of bixbyite or jacobsite (photo
LY - pol. sec. D2)

and e¢) as veins relatively young in the paragenstic
sequence.

Diagnogig: Coarse-grained crystals are more readily

identifisd than fine-grainsd ones. Fine-grainecd hematite

may be confused with cryptomelane. However, the relief

of hematite is diagnostic.
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. 3mar o
10) Andradite =~ Ca3(Fe T1)2(813012)

Physical characteristics: In rare cases andradite is
found as distinct crystals, usually dodecahedrons. The
colour is brown and the mineral has a weathered appear-
ance. According to J.E. de Villiers (1946, p. 33) the
S.G. for andradite from Black Rock is 3.81 (% 0.02).

Optical propsrties: It is slightly anisotropic and ths
refractive index is high. J.E. de Villiers reported
1.86 as the refractive index for the andradite from Blaek

Rock.

Occurrenceg: The mineral is present only at Black Rock
and Hotazel, and then in vugs. It is also dissemminated
in the ore and in the banded ironstons. It occurs as

follows:-

a) Associated with the manganese ore (photos
45, 46, 48, 49 - pol. secs. BR3E, Fol. a,
byc.d.e).

b) Encrusted by braunite~II which is itself
encrusted by chalcedony (Sample Bl).

¢) In the 'carbonate-rock' at Hotazel.

d) In the micaceous rock (photo 50 - thin sec.
TB 1) at Black Rock.

e) In the banded ironstone at Black Rock where
it is associated with acnite and iron oxide
(photo 51 - thin sec. TB 2).

f) Associated with jacobsite in a vein situated
in the hematite ore from Hotazel (photo 47).

The relationship shown on photo 47 tends to indi-
cate that the andradite may be younger than some of the

manganese minerals.

Diagnosis: The mineral was identified by mneans of X-ray

and chemical methods (Table 8). The cell edge (12.04% ﬁd
12.05 & and 12.06 % )
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TABLE

B

CHEMICAL ANALYSIS OF ANDRADITE

NIVERSITEIT VAN PRETORIA
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—

l. 2. 30
Sio2 35.40 34,91 39.96
T102 - trace trace
A1203 1.78 0.69 1.80
F6203 28.71 30.40 24,70
Fe0 - - 0.14
MnO 0.48 - trace
Mgo0 0.12 .08 trace
Cal 31.36 33.20 34,84
Nago - - -
Kgo - - -
H2O 2-16 0019 -
F2% o T T
100.16 99,97 101.4%4
CALCULATED TO 24 0-4TO0MS
si 6.05) 5.908) 7.1 )
) 6.05 ) 6.00 ) 7.1
Al - ) 0.092) - )
Al 0.363 o.ohég o.37§
Fed 3,673 4.03 3.873; 3.92 3.29% 3.66
Ti - ) - ) - )
Mg 0.03) 0.146) - )
5 ) ) )
Fe - ) - ) 0.02)
) ) )
lin 0.07) - ) ~ ) 7.6
) 5.83 ) 6.17 )
Na - ) - ) - )
) ) )
Ca 5.73) 6.02 ) 7.58)
) ) )
K - ) - ) - )

1. Red-brown andradits garnet, Black Rock (analysed by
Soils Research Institute, Pretoria).

2. Andradite garnet, Refkovic stream, Serbia (Deer,
Howie and Zussman, 1963, p. 90).

3. Andradite garnet, Zeekoegat (279), Pretoria District.
(Van Biljon, S. 1936, p. 64).
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was also calculated and from this the specles was es-

tablished by means of the graphs of Sriramadas (1957,
p. 295), which agrees with these of Winchell (1956,
p. 493).

11) Tremolite

The identification of this minsral is halpered by
the lack of sufficient material.

In thin section it 1s generally difficult to
distinguish between tremolite and nanganoan cunningtonits
(Klein, 1964, p. 970). Tremolite has the sumaller ex~
tinction angle and lower refractive index but owing to
the lack of sufficient material these properties could
not be determined with any reliability in the material
from Hotazel, Jaffe et al., (1961, p. 6L45) state that
they could not distinguish cummingtonite with a lower
Mn content than the Nsuta mineral from tremolite by
optical properties alone.

For the identification of the material froum Hotazel
reliance had to be placed on X-ray diffraction (Table 9)
only as no reliable chenical or optical data could be
obtained. Cummingtonites may be distinguished from all
other monoclinic amphiboles by the (310), (842) and

(661) spacings.

TABLE 9. (after Klein, 1964)

The values of d3lO and d6h2 ~ 61 of two monoclinic

amphiboles compared with the mineral from Hotazel (in X).

X Fluor- x Manganoan- | Hotazel
tremolite cummingtonite | (114 nm X-ray
Nsuta camersa)
d310 3.11 % 3.06 8 3.11 &
861) 1.43 8 1.43 %

x Jaffe et al., 1961, p. 648.
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Physical characteristics: It is found as very fine
?

slender needles (photo 52 - thin sec. TH 2).

Optical propertiess The wineral is colourless with

n - 1.61, the extinction is obligue and the absence of

pleochroism distinguishes it from actinolite.

Occurrences Tremolite 1s present only in the 'carbonate-
rock' from Hotazel, particularly alongside cracks filled

with andradite (photo 523 - thin sec. TH 2).

Diagnosis: The identification in this assemblage is
based mainly on X-ray measurements as the crystals are

too small Tor reliable optical observations.

12) Minnesotaite FeB(OH) 814 10

A T S L oA S

Occurrence: Minnesotaite was positively identified in
material from hore-cores from Mamatwan (photo 9) where

the mineral is associated with dolomite and rhodochrosite,
Some of the X-ray diffraction patterns of material from
the other mines also contain the (001) reflection of
minnesotaite., X-ray powder data ~f manganese ore from
the Kalahafi Manganese~field often show a reflection in
close viecinity of 2.5 % which could be minnesotalte as
this reflection cannot alweys be accounted for by
todorokite. Todorokite has its stronegest reflection

around 2.6 E,

Diagnosis: The identification is hased mainly on X-ray
vowder data. The minnesotaite occurs dissemminated and
in small quantities only. No chemical or optical deter-

minations are nossible.

13) Talec - MgB(OH) 551,07

P

Optical proverties: Talc is present as minute, slender

needles and laths. The extinction is oblicue.
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Occurrence: The mineral occurs as follows:-

a) In the 'carbonate-rock' from Mamatwan, as
rims consisting of aggregates of slender
laths that surround lenticular bodies of
carbonate minerals (photo 54% - thin sec.
TM 16).

b) As groups of laths near bodies of carbonate
minerals at Mamatwan (thin sec TM 16).

¢) As laths now replaced by opal. It is
common in the 'carbonate-rock' from
Hotazel, Smartt and Mamatwan.

Diagnogis: The identification is based on X-ray powder

data only.

14) Ankerite - Ca(llg, Fe°~,lin)(C0;)2

Physical characteristics: On a polished surface ankerits

has a red colour (photo 9(b) - pol. sec. I 10).

Occurrence: The mineral was found in the 'carbonate-rock!

in borc~cores fron Mamatwan, along the foot-wall.

The ankerite has probably formed as a result of a re-
action between dolomite or rhodochrosite and iron-rich

material (pol. sec. M10).

Diagnosis: It was identified by means of X-ray powder
pattern which agrees with that of ferrocan dolomite, ankerite
(ASTH 12-88). The presence of Fe as a major constituent
was established by means of a qualitative spsctro-

chemical test.

15) The Psilomelane Group

In the past the term 'psilomelane' was commonly
used for hard, botryoidal manganese ore. Fleischer and

Richmond (1943, pp. 269 - 286) listed a number of minerals
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in the psilomelane group and recommended that the tern
'psilomelane type' be used to inelude unidentified
material. Ramdohr (19545, pp. 64 - 67) states that the
'psilomelane~like' minerals may be separated into four
minerals which are very similar in properticss-~
Psilomelane 'proper', cryptomelane, hollandite and
cornaditec. He considers that cryptomelane, hollandite
and cornaditc are closely related structurally and
series of solid solutions, possibly owing to the very low
temperature at which thevy are generally formed. But
what happens with products that are Torméd at higher
temperatures, such as part of the hollandite, is not
known.

It is difficult to distinguish by means of optical
metiiods only between the mincrals of the psilomelanc
group, and more so when they arc fine-grained. Further-
nore, X-ray diffraction patterns are often diffuse and
this hampers the identification. However, identification
is possiblc with relatively clear X-ray diffraction
patterns.,

J.5. de Villiers (1945, p. 20) who madc an ex-

1

tensive study of manganese ore in South Africa hut

)

examined from the Kalahari Manganese~field only orec
from the Black Rock Mine, writess-
"In the present study which was carried out mainly by

and chemlecal methods, I have for the

Q

orec-mlcroscopl
most part found it impossible to differcentiate betwcen
the constituents of psilomelane and the name is thercfore
used here in the gencral sense to denote a fine-grained,
usually composite suhstance”

According to Frankel (1953, pp. 577 - 597) cryp-

tonelane is a major constituent of ore from Hotazel,
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Langdon and Smartt. He identified psilomelane
microscopically only in ore from Langdon (p. 522)
and gives an X-ray diffraction pattern for cryptomelanc.
Cameron and Sorem (1960, pp., 272 - 310) found cryptomec-
lane to be one of the major constituents in ore fron
the Nsuta Mine, Ghana. Thecy do not report the presence
of psilomelane. According to Fleischer and Richmond
(1943, pp. 269 - 238) cryptomelane is generally more
common than psilomelane. Psilomelane does therefore
not seem to be so widely distrihuted as is generally
assumed.

The mineral cryptomelane is present throughout the

1d. Hollandite was identi-

O

entire Kalahari Manganese-fic

Iy

fied once only. UNo otner mineral from the psilomelane

group was identified either by means of X-ray or optical
methods. One of the D,T.A. curves (H3) suggests the
presence of psilomelane in some of the ores., This could
not be verified by means of l-ray diffraction. Tor further

information the reader is referred to the results of the

thermal studies (chapter VI).

a) Cryptomelane - K,Mn,0. .. (simplified to !n0,)

s me s

Physical cheracteristics: According to Ramdohr (19586,

p. 65) the crystal structure of cryptomelane tends to
have a very fine acicular development parallel to the

llanganese-Tield certain

o

c-axis. In the Kalahari

botryvoidal aggregates of cryptomclane consist of very

0n

fine needles (photo 55 - vpol. sec. H4) which are fre-

quently perpendicular to the botryoidal surface. Crypto-
melane is nearly always secondary and of supergene origin
The metallic lustre is steel gray and the fracture con-

choidal. It is non-magnetic and takcs a good polish.

i
[0

Hardness 5
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Chemical propertics: According to Frankel (1952, p. 535)

the K,0 content of ore from the Kalahari Manganess-field,
being composed essentially of cryptomelane, is as low as
0.2 to 1.7 per cent., Mathieson and Wadsley (1950, pp. 99 -

101) susgest that the potassium in cryptomclane is distri-

ct

buted at random and is not aX fixcd quantity. This may
possibly explain the low KEO content (0.232 pecr cent) of
sample HB (Table 13) which consists of 55 - 65 per cent
cryptomelane. In addition it can be pointed out that this
high percentage of crypntomelane is present in the few chips
selectcd for ore-microscopical cxamination from the bulk-
sample submitted for chemical analysis. These chips were,

however, considered representative of the sample. The

vowder of the bulk-samplse was examined goniometrically

by X-rays and the material proved to be essentially cryp-
tomelane.,

Optical propertics: It is found in most ores from the

Kalahari Field in the following associations:-
i) Replacemcnt-orc (photos 57, 53, 59, 60 - pol. sccs.
BRVI, D&, a4) |
11) Veins of various ages (photos €1, €2, 63 - pol. secs.
H10, wvuggy-ore)
iii) Colloform and cavity fillings (photo 65 - pol. secs.
4, BR 1)

iv) In rarer sauples as wmassive, ¢
A

S ryptocrvstalline ore
(pol. scec. HA).

Diagnosiss Cryptocrystalline cryptomeclane may be mistaken

for pvrolusite or nsutite. The reflectance of coarsc-grained

1.

material 1s slightly but distinctly darker gray. Hcematite

is readlily distinguished from cryptomelane by means of its
higher rclief. Spectrochemical determinations were carried
out for potassium.

24

. . - s 24, 4
b) Hollandite - Approximately Ba(ln ,ﬂe?+)” i

mn7 016

e e £

Plhiysical characteristicss: It takes a good vpolish.
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Optical properties: The colour in reflected light is

gray-black. The bireflecctance and the anisotropism are
distinct. It shows polysynthetic twinning (photo 66 -
pol. sec., H 10a).

Qccurrence: The minsral has been identified in one sanple

from Hotazel only.

Diagnosis: The identificatiocn was carried out by means
of optical methods only as the sample was too small for

X-ray methods, or spectrochemical determinations for barium.

16) Manganite - MnO(OH)

o e i s s et et

Physical characteristics: Small crystals in wvugs are

found associated with quartz. The crystals are striated
parallel to the selongation and are rarely twinned.

Manganite polishes with difficulty.

Optical properties: The reflsctive power is low, the

colour in reflected light is gray and the bireflectance
is distinct. The anisotropism is strong and the pola-

rization-colours vary between different shades of gray.

Occurrence: The mineral has been identified in ore from
Hotazel and Adams only, and then as veins (photo 67 -
pol. sec. H7) and as irregular grains in pyrolusite asso-
ciated with braunite. Transformation to pyrolusite is

in various stages from the edge inwards.

Diagnosis: It may be confused with hausmannite. However,
manganite rarely shows twinning and internal reflections

conmon to hausmannite.

17) Pyrolusite - polianite - Mn02

Pyrolusite and polianite are names for the same

mineral although they have different modes of occurrence.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

@ﬂ&

69,

Randohr (1956, p. 60) suggested the use of polianite-

pyrolusite

as a coupled designation; pyrolusite proper

for the pseudomorphous and replacement material (photos

68, 69 - pol. secs.H2, 7) and polianite proper for the

crystals of primary origin (photo 70 - pol. sec. H5).

This designation will be followed except that the term

'sroper! will be omitted.

a) Pyrolusite

Physical characteristics: Pyrolusite is always pseudo-

morphous and with ths transformation from other minerals

shrinkage~cracks form, owing to contraction. According

to Ramndohr

changes in

difficulty.

(199, p. 61) these cracks lead to apparent
hardness and cause the mineral to polish with

Pyrolusite often discolours the fingers and

is non-magnetic.

Optical propertiss: The colour in reflected light is

white to creamy. The bireflectance is distinct and the

anisotropism is strong. Under crossed nicols, if the

gypsun place is inserted in the optical system, the

change of colour is slight as the stage is rotatsd.

Qcecurrencge:

mineral is

Replacement-structures are numerous. Thse

found in many samples from Black Rock,

Hotazel, Devon and Langdon, as coarse-grained crystals

showing shrinkage-cracks which may bse filled with

cryptomelane or bixbyite (photo 71 - pol. sec. BR 1D),

as slander
61, 62, 6L
with veins
Black Rock

conmon and

needles and as veins of various ages (photos
- pol. sec. H 10), particularly associated
of cryptomelancg and nsutite. 1In ore fron
large areas consisting of pyrolusite are

in these the mineral forms lsaf-like flakes

which discolour the fingers.
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iagnosis: The identification of the coarse-graincd
material is not difficult as the reflcetive power is very
high, the anisotropism is strong and the shrinkage-
cracks are diagnostic.

b) Polianite

o mca Lo o ars

Physical characteristics: The colour rcsembles that of
pyrite. Hardness — €.

Optical »nropertlies: Same as for pyrolusite.

Ocecurrence: Tound in ore frow Hotazel asg a vein in which

individual crystals show no shrinkagec-cracks (photo 70).

13) Todorokite - Mn-.O0 (generalised formula)

The mineral todorokitec was Tirst identified by
Yoshimura (1935, p. 672). He considered it to be a hydro-
thermal alteration vroduct of inesite. The second occurrence

9

of todorokite was described as recently as 1960 by Levinson

o

(1950, pp. 202 - 307), Lawrsnce (1962, 59) considers the

e}

Philipshurg todorokite to be of supergene origin. In South
Africa the ashestiform mineral was known for a long time but
waes ldentified as todorolzite by Prof. J.J. van Biljon in ore

~

from the Snartt Mangancse Mine (personal comrmunication) and
by Mr. R.J. Ortlepp 1in ore from the Orient Mangancse Mine
(personal communication). Frankel (1953, p. 533) considers
the fibrous mineral to be cryptomelane which is in places
replaced by pyrolusite. The additional X-ray reflections
could bhe due to anhydrous mentmorillonite,acecording to Frankel.
Todorokite was identified in all the mines of the
Kalahari Manganese-field, except at Elack Rock. This
fact is considered of interest as the Black Rock Mine is
the only mine of the group of mines in the Xalahari Man-
gancse~field where bended ilronstone and mangancsc ore

(]

are found outecropvring.
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The close resemblance of sone todorokite to asbestos
(photo 72) has been the cause of much speculation and has
been used by geologists (John de Villiers, 1960, p. 157)
as an argument that the banded ironstone in which the
ore 1s found must be from the Lower Griquatown Stagse
which is known for its economic deposits of asbestos
fibre. Howsver, the todorokite does not seem to repre-
sent replaced asbestos fibre. The criss-cross nature of
the todorokite shown in photos 73, 74 and 75, and the
flaky nature of the todorokite (photos 76, 78 - samples
Tl, T2, T3) as well as the absence of magnetite which is
often associated with asbestos, tends to contradict the
replacement theory.

It was considered appropriate to carry out a more
detailsd investigation ofi this mineral. This investi-
gation involved X-ray powder data (Table 10), chemical
analyses (Table 11), D.T.A. (Tablg 12) and elsctron
diffraction data. The latter was carried out by the
C.S.I.R. and the ISCOR Research Laboratoriss. Two
samples of todorokite (photo 73) from the Hotazel iiine
were selected for this investigation. Both samples are

relatively free from contaminating material.

Sample A (dogtooth spar, photos 73, 74 and 75). This
sample gives the impression of being harder

-

than sample B,

Sample B consists of fine, fluffy needles, blue ofin
colour, and .., resembles asbestos fibre. It
was not possible to prepare a polished
section of this sample as the material does
not lend itself to polishing.

The elsctron micrographs show both samples 4 and
B to be tabular and flattened on (001) (photos 79, 80)

and it appears as if the crystals have two perfect
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cleavages (001) and (100). Both samples gave similar
electron-spot patterns and correspond well with the one
published by Straczek (1960, pp. 1180 - 1181). The
array of spots along straight lines (photo 80) may be
due to stacking faults or twinning.

Straczek (1960, p. 1179) gave the following data
for todorokite:-

Monoclinic or orthorombic
a=9.752;Db=2.84K; and c Sin# = 9.59 2
The X-ray powder pattern was indexed by Strfzesk assuming

an orthorombic cell ( @ = 900)

The method of indexing the electron spot pattern of
sample A (photo 80) is illustrated in photo 81. The
following calculations were made from the slectron

diffraction pattern of sample A:-
In the reciprocal latice

.. 1/, Ty . Y/

o)

5

s

A = 1/a/l/b = b/a

thercfors

-

In pattern A the repsat distances Tg and Tp measured
0.51 and 1.75 cm respectively.

Assuning the parameters given by Straczek (1960,
p. 1179) to be correct and assuming an orthorombic

cell the following applies:-

Ta_ . 2.8k

1.7 = 9.75

r = ....2.§-)i X __-_2_5 = . D e
a 577 0.509 cr

The value agrees well with the measured distance

ra - O.Slcm .

Some of the analyses of Straczek (1960, p. 1177)

show 0.14 to 1.05 per cent BaO and 0.2 to 1l.45 per cent
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NaZO. There 1is good agreement between the analyses of
sample A and sample B and the ore from Japan as given by

Yoshimura (1938) - Table 11.

Physical characteristics: Todorokite discolours the
fingers and the colour and lustre is like that of
graphite. Electron microcgraphs of samples A and B show
the crystals to be plates flattened on (001) (photo 80).
This deduction is made as a great number of the crystals
were oriented in such a way as to give electron spot
patterns similar to the one of photo 80N, Todorokite

takes a poor polish and the hardness is « 2

Optical properties: The reflective colour is white-gray

and the bireflectance is medium-weak. By means of a re-
flectivity meter assembled at the University of Pretoria,
the maximum reflecetivity was measured at 20.8 per cent
and the minimum at 18,5 per cent. The anisotropism is
distinet and the polarization colours vary from white to
gray (photo 74 - pol, sec. T 1). Under crossed nicols,
if the gypsum plate is inserted in the optical systen,

the change of colour is slight as the stage is rotated.

Qccurrence: Todorokite is present in all the minss of

the Kalahari Manganess-field except at Black Rock. It
is considered to be of supergene origin and occurs as

follcws: -

a) as veins (photo 82 ~ pol sec. S5)

b) as a replacement of hausmannite and is
common in the mines Smertt; Adams, ilamatwan

and Devon (photo 32 = pol. sec D3)

¢) in nodules (photo 83 - pol. sec. D1)

It is generally closely associated with gypsuwa and

caleite, Todorokite is replaced by cryptomelans.
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X-ray powder data for todorokite and woodruffite.

; TODOROKITE WOODRUFFITE
g R Hotazel * Straczek @ Frondel *
;d.calc.% hkl |{d.meas,! I.obs.ld.meas, | I.obs§ a(R) | 1/10
1 9.75 | 100 | |
| 9.589 001 119.578 | 10 !19.6 s 9.5t s
| 7.087 | 2 | 6.99 | k&
, 6.837 | 101 | | |
; 6.549 2 | |
4,87 | i | |
Cha79% Lo002 W78k 7 i %77 1 s w77 | 10
S 4L.3kh 201 ! ! ‘ ;
| 4.302 | 102 |lh406 | 2 | b0 o3
' 14,193 | 2.5 | s
i { .08 | 1
3.42 ; 3.48 >
3.25 |
- 3.19 003 |'3.166 0.5 {i3.19 w i3.13
3.078 301 |:3.073 ii13.11~- |band [3.05
12,95
3.037 13.002 1
f 2.84% | 0.5
| 2.73 2.745 | broad | |
12,69 | 302 i 2.7 band ||
; 2.673 ] 2.63 2
: f 2.56 1
| 2,449 | 012 12,448 mo 2466 | 4
12,397 | 004 12,397 | 1.5[2.398 s 2.0k | 5
§ 2.362 | 401 l2.345 2 |l2.34 mo |
| 2.328 104 ] 2.312 1.5
2,188 | 212 |l2.23 1 2.21 | m {p.225 | 5
2.172 | 402 | 12,16 | f=b |p.152 | 1
2.091 | 3.11{2.099 0.5 {2.11 f-b 2,13 2
11,956 | 312 | .98k |3
1,918 | 005 11.92 w o jl.922 | 1
1.911 | 501 I ; 1.895 | 2
1.779 | 313 11.765 0.5 1747 | 2
1,727 | 412 | | } 1% | wm |
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TABLE 1C- contd.

R E Hotazel * gstraczek @ Frondel X
d.cale. | hkl gd.meas°?I.obs.?d.measo%I.obs;;d(ﬁ) I/Iq
1.709 | woy | | 1,69 | £-b [ 1.68 | 1
1.652 1 305 | 1,641 | 1.5 | 1.66 | 2
v : 1 1.636] 0.5
| ' 1.592] 1
1.525 | 512 | 1.53 w o
1.h424% | 020 |l 1.425 | 0.5 jj1.423 m o j1.423] 5
1.409 1 021 | 1.408 | 0.8 ||
1.393 | 700 | 1.385 | | |

Calculated at the C.S.I.R. on program 704, using
Straczek's parameters a, = 9.75 R; b, = 2.849 &;

Co = 9.59 B o€ = 90% & = 90° ¥ = 90°.

@ Straczek et al. (1960, p. 1182).
X Prondel (1953, p. 766).

t Pe Ka - rad. 11% mm camera.
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TABLE 11.

CHEMICAL COMPOSITION OF TODOROKITE

A B : L
510, 0.25 0.3% 1,732
41,04 0.40 0.33 | 0.28
Fe,0y 1okkh 0.20 | 0.20
P50 0.07 | 0.02 -
MnO 7.64 8.23 12,37
Mno,, 73.52 | 71.17 65.59
MgO 2.72 2.46 | 1,01
Cal 2.01 3.85 % 3.28
Sro 0.06 0.03 | -
Ba0 - 0.20 2.05
Li0, 0.10 0.10 -
Na,0 0.49 1.49 0.21
K50 0.85 0.45 0.54
804 0.50 1okl -
CO, 1.01 1.9% -
H,0 8.96 7.86 11,28
Cr203 - 0.001 -
Cu0 0.002 0,001 -
Others - - 0.70b

a Includes §i0, 0.45, insol. 1.28%
b Includes P,05 0.42; 805 0.28; CO, trace, Ti0, trace.

A - Hotazel sample A
B - Hotazel sample B
\
C - After Yoshimura, Japan (1935)

(Samples A and B were analysed by Dr. C.E.G. Schutte and
Mr. J.L. Pretorius of the Soils Research Institute,
Pretoria).
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TABLE 11 - contd.

CALCULATED 1IN TERMS OF 12 0 - ATOMS

A | _B_ L _C
1n°* 0.65) 0.76) C1.17)
Mn™*+* 5.123 6.18 5.&03 6.57 5.06% 6.40
Mg© o.ul) O.hlg 0.173
ca® 0.23) 0.46) 0.148)
Na o.log 0.38 0.323 0.81 0.05) Q.61
K o.osg o.o3§ 0.083

¢ - inecludes Co and Cu

d - includes Sr and Ba

A spectrochemical test for Zn was negative. samples A and B
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Diagnosis: In samples consisting of coarse-grained

crystals the identification is easy. However, fine-
grained todorokite may be mistaken for cryptomelane but
the reflective power is higher than that of cryptomelans.
The X-ray powder pattern resembles lithiophorite and
particularly woodruffite. However, the anisotropism of
todorokite as tested with the gypsum plate is different
to that of lithiophorite in the respect that the grains
do not discolour to the same extent. Woodruffite differs

chemically from todorokite.

Differential thermal analyses: The thermal reactions re-

corded on todorokite are tabulated in Table 12.

TABLE 12.

o e —reatesan ey s .

D.T.A. of Todorokite

Hotazel Straczek et_al., (1960, p. 1181)
Endothermic: 80 °c 160 °c
366 1 292 "
L8 Y37
: 687 n 673 ]
862
Exothermic: 344 Oc
608 °c 589
%7

Straczek did not report results beyond 902 °C.
No attempt was made by the auther to interpret the

complex thermal curve of the todorokite from Hotazel.

19) Lithiophorite - LiMn3 A1209.3H20

Physical characteristics: Lithiophorite takes a fair
to good polish.

Optical propertiecs: The reflective pewer is like that

of chalcophanite. However, the bireflectance is strong
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(from gray to dark-gray) but weaker than that of chalco-
phanite. The anisotropism is strong and the polarization-
colours vary from light-gray to dark-brown and bluish
gray. Under crossed nicols, if ths gypsum plate is in-
serted in the optical system, the change of colour is
distinect as the stage is rotated. The grains discolour

from bluwe to yellow.

Occurrence: Lithiophorite has been identified in ore

from Black Rock, Adams and Mamatwan and usually in
microscopic quantities, as veins (photo 84 - pol, sec.

BRV1) and as parts of aggregates.

Diagnosis: This mineral may be confused with chalco-
phanite or fine-grained todorokite. However, the
anisotropism as tested with the gypsum plate distinguishes
it from todorokite and the X-ray diffraction pattern from

chalcophanits.

20) Chalcophanite - (Zn,Mn2*,Fe2+)Mn205.2H20

The presence of chalcophanite is suspected in some
of the samples owing to a reflection appearing in some
of the diffractometer patterns at 6.75 2. Ne chalco-
phanite could however, be observed optically in these
samples, except iﬁfﬁ%?ﬁ%% %E%%e in a rare case a
'chalcophanite-1like' mineral is closely associated with
cryptomelane and pyrolusite (photos 85, 86 - pol. sec. HkW),
The identification of this 'chalcophanite-like' mineral
is based on optical observations only as the intimate
association with cryptomelane and pyrolusite render

identification by means of an X-ray powder camera un-

satisfactory. A" test for Zn did not yield conclusive
results.

Optical propertiss: The colour in reflected light is

variable in shades of gray-white. The bireflection
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is very strong and the anisotropism is also very strong
but without bright colours. Under crossed nicols, if

the gypsum plate is inserted in the optical system, the
change of colour is distinct as the stage is rotated (de-
termined on material from outside the Kalahari Manganese-

field).

Qccurrence: According to Ramdohr (1956, p. 67) this

mineral is rarely found alone and it is wide® « spread as
an auxiliary component of many 'psilomelanes!'.
Chalcophanite is very fine-grained and often devoid of
zinc (Ramdohr 1956, p. 67), The ring-like texture ob-
served (photo 86) cannot be explained. Possibly this
may be part of a large-scale colloform texture. Similar

textures are observed in todorokite.

Diagnosis: The strong bireflectance of chalcophanite is
diagnostic sexcept that it may be confused with lithio-
phorite. However, the X-ray powder pattern of chalco-

phanite distinguishes it from lithiophorite.

21) DNsutite - MnO2 (gamma - Mn02)

s o ey S

The term 'gamma - MnO,' as first used by Glemster

2
(1939, pp. 1879 - 1881) referred to a specific, artifi-
cially prepared manganese dioxide. Later this term was
applied to a group of artificial manganese oxides which
differed amongst themselves slightly in their X-ray
diffraction patterns. The synthetically produced manga-
nese dioxides are classified according to their crystal
structure and crystallinity as follows: alpha, beta,
gamma and delta of which the gamma and the delta types
are suitable for use in dry-cell batteries. Nsutite is

the naturally occurring equivalent of 'gamma -~ MnOQ'.

As stated by Zwicker and co-workers (1962, pp. 246 - 266)
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several authors recognised nsutite in manganese ore from
Nsuta, Ghana. Cameron and Sorem (1960, pp. 278 - 210)
have also described nsutite from Nsuta, Ghana. They sug-
gasted that the term 'gamma - MnO.' be used for the

2
artificial products only and 'Nsuta - MnO.' for the

2
naturally eccurring equivalent which they separated into
"1,64, 1.65 and 1.67" types on the basis ef X-ray
diffraction spacings. Zwicker and ce-workers (1962,
pp. 246 - 266) also examined ore from Nsuta and suggested
that the name 'nsutite' (pronounced en.sootit) for the
naturally occurring equivalent of 'gamma - MnO.'. On the
basis of chemical analyses of the 1.64 and 1.67 types,
Zwicker suggested the names 'nsutite! and 'manganoan
nsutite'! of which nsutite is the more common one. In
this treatise the classification of Zwicker will be ad-
hered tv i.e. nsutite for the mineral with the 1.64 R
reflection.

In South Africa nsutite was first identified by
Ortlepp in ore from the Orient Manganese Mine (in press)
and in ore from near Lobatsi (personal communication.

Mr. R.J. Ortlepp). J.E. de Villiers (1946, p. 20)
mentions a 'second constituent of psilomelane! which,
according to the description, could be nsutits.

The papers by Zwicker (1962) and Cameron and Sorem
(1960) have been concerned with well-crystallised
nsutite. In the Kalahari lManganese ore the nsutite is
poorly crystallised as determined by its X-ray diffraction
pattern and is also intimately intergrown with other man-
ganese minerals. Sqtisfactory identifications were
carried out only with great difficulty and in many
samples, owing to lack of sufficient material, were

based on optical data only.
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Physical characteristics: It is non-magnetic.

Optical propertices: Nsutite is opaque and the colour in

reflected light is creamy white, very much like pyrolusite,
but less creamy. The reflective property is not de-
creased with oil immersion. The bireflectance is diffi-
cult to observe on fine-grained varieties but it is pro-
nounced in the coarser variety. Anisotropic effects are
distinct and polarization colours vary bstween light-~

and dark-gray. Under crossed nicols, if the gypsum plate
is inserted in the optical system, the change of colour

is slight as the stage is rotated.

Occurrence: The mineral was only recently recognised in

“ore from South Africa and apparently it is not rare. In
the Kalahari Manganese-field it is of supergene origin
and was positively identified only in ore from the
Hotazel uine where it forms veins in the ore and also
replaces hausmannite, particularly along cracks and twin
lamellae (photos 87 to 91 - pol. secs. HIQ,a, b, ¢). A
mineral with similar reflectivity was observed at Langdon
Mine but the identification could not be verified by
X-ray methods owing to the fine intergrowth of minerals,
The individual particles vary in size from colloidal to
1 micron and in rare samples only is it coarser grained
(photos 92, 93 - pol. secs. H9, a, b, ¢). The coarse-
grained nsutite of photo 93 probably represents vug
filling.

Diagnosis: The colour, hardness and reflectivity is
vary much the same as for pyrolusite and it is therefore
difficult to distinguish nsutite from fine-grained
pyrolusite. However, the colour of nsutite is less
creamy and the X-ray diffraction pattern is distinct in

that the reflection at 3.97 2 is not observed in pyrolusite,
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. 1,
22) Cymrite - 2BaO.22Al2O3.58102.3.65H20

et et e et

Cymrite was originally described by Smith and
co-authors (1949) from the Benallt Manganese Mine, Rhiw,
Carnarvonshire, Great Britain. The name comes from the
Welsh for Wales, Cymru, which is pronounced 'kumry'. The
cymrite from Benallt%fgscolourless plates up to 7 mm in
diameter and about 0.9 mm thick and hexagonal prisms
about 1 mm long. It is restricted to veinlets cutting
across hydrothermally-derived manganese ore. Brosge
(1960) identified cymrite in his work in the south-
central portion of the Brooks Range and mentions that it
was present in samples from a pyritized zone near the
head of Bonanze Creek in the Wiseman Quandranée.. A
third occurrence was described by Runnels (1964, p. 158)
in a copper deposit, Brooks Range, Alaska, where it
occurs in dolomitic and sideritic wall-rock as crude
hexagonal, plate-like crystals up to 4 mm in diameter and

0.5 mm thick.

Smith and co-authors (1949) gave chemical, optical
and X-ray data and reported a pseudo-unit cell :

a = 5.33 2 ana c, = 7.67 % 3 the true cell is stated to
have a = 42 &.

According to Smith and co-authors (1949, p. 681)
cymrite probably has a very simple type of structure.
As far as known no structural analysis of it has yst
been published., The two chemical analyses given by
Smith and co-authors (p. 678) are not in agreement with
each other and do not agres well with the one published
by Runnels (1964, p. 163). Runnels states that his
formula is to be preferred because of the larger amount
of material (780 mg ) he used for ths analysis as

against 7 and 20 mg wused by Smith and co-authors. The
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calculated density of cymrite (calculated for 0 = 23
after Runnels) is 3.44 which is in good agreement with
the measured value of 2,4 and Swmith's value of 2,413
(¥ 0.005).

The forrmlae of Runnels (1964, p. 162) and Smith
(1949, p. 673) arec not in agreement with each other.
According to Runnels (p. 162) the MgO in his sample is
present as dolomite but he does not include any 002 in
his analysis. According to hoth Runncls and Smith

cymrite docs not contain any of the following:- Fe?oq,

=1

.
e

\.)

MnO, g0, CalO, Na,0 220, P 05, r, FeSza 1ysis
c

from

Black | : .
of cymrite-was not recalculated for the purpose of dc-

termining the empirical unit ccll contents hecausc of

the uncertainty regarding the formula of cymrite and also
on account of the high percentage of impurities prcsent.
Dispersed in the cymrite are very fine, red iron oxide
and ninute grains of henatite Impuritics in the matrix

bectween the grains of the matcrial are albite, orthoclase,

riedmontite and sphenc. Before submitting the powdered

\,0

ample (200 mesh) ftora chemical analysis some of the iron

was removed by means of a maznstic separator. Some of the

powder for the chemlcal analysic was mounted and polished

for examination by reflected light. The polished surface

was immersed in dilute hvdrochloric acid (10 per cent) for

five minutes. The effect of the acid was that scratche

on the cymrite hecame more pronounced. Considering the
Finely dispersced nature of the iron oxides in the cymrite

it was concluded that a fairly drastic treatment with

acid would be necessary to remove the iron oxide and this

night then have had a detrimental effect on the cymrite.
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TABLE 13

CHEMICAL COMPOSITION OF CYMRITEH

1a 20 30
510, 26.8 37.65 32.06
41,04 21. 77 14.94 27.00
Fe,04 13.08 9.26 -
P'Ino 0017 0086 -
Mg0 0.67 - 0.14
Ca,O Oo65 - 0085
Na..0 0.07 - 0.00
X,0 0.12 - 0.22
H20+ 3.70 5,31 7,03
HZO— 0.14 0.00
co,, 0.76 - -
Ti0, 0.97 - 0.06
P205 0.06 - -
Ba0 31.01 31.50 31.36
F - - 0.3
FeS, - - 1.46

99.917 99.52 100.18

Impure cymrite from Black Rock Mine {analysed by C.E.G.
Schutte and J.L. Pretorius of the Soils Research Institute,

Pretoria).

Cymrite from Benallt Manganese Min e Rhiv. Carnarvonshire

(Smith et al. 1949, p. 678).

Cymrite from a copper deposit, Brooks Range, Alaska

(Runnels, 1964, p. 162).
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TABIE 13b.

X-RAY DIFFRACTION DATA FOR

CYMRITE.
(1949) Black Rock.
(375 mwn_camera)
I.obs. d.X Index I.obs d.meas.
S 7.7 0001 6 7.724
VW 4.6 1010 4.605
Vs 3.95 1011 10 3.976
Vs 2.95 1012 10 2,934
S 2.67 1120 9 2.660
W 2.57 0003
VW 2.53 1121 2.530
W 2.32 2020 2.318
M 2.24 1013 1
M 2.21 2021 6 / 2.221 B
W 2,11
W 1.99 2022 3 1.973
MW 1.92 0004 3 1.908
M 1.849 1123 5 1.839
VW 1.783 1014 1 1.765
bW 1.705 2131 4 1.704
MW 1.594 2132 4.5 1.589
W 1.565 1124 3 1.552
L 1.544 3030 3 1.538
W 1.468 1015 3 1.456
W 1.452 2133 3 1.443
W 1.341 2240 2 1.334
W 1.324 3033 2 1.321
W 1.283 3140 2.5 1.278
VW 1.269 3141 1 1.265
B broad
S straong

=5 <
w
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Phase relations between cymrite and celsian,
BaA1281208 s have been carried out by Seki and
Kennedy (1964, pp. 1407 - 1426). They ~laim to
have established that hexagonal celsian (synthetic,
and h&snggéiz dssax found in nature) forms a complete
solid solution series with cymrite by substitution
of A13+ for [Si(OHi} 3+ with increasing water pressure
(and/or decreasing temperature). According to Seki
and Kennedy (p. 1408) hexagonal celsian has been
found to consist of two forms which are hexagonal and
orthorombic respectively. Seki and Kennedy have also
examined another kind of barium-aluminium silicate,
monoclinic celsian, which has been described parti-
cularly in menganiferous ore deposits (Vermaas, 1953,
p. 845; and J.E. de Villiers, 1951, p. 89).

According to Secki and Kennedy the stability relation
between hexagonal and monoclinic celsian has ggv%i
been clarified. However, it is well known that
monoclinic celsian and monoclinic feldspar form a
complete or partial solid solution through the mineral
hyalophane, which is intermediate both in chemical

composition and in physical properties (Vermaas,

1953, p. 849).
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The points of interest in the phase studies of

Sekil and Kennedy are:-

a) High water pressure or high chemical poten-
tial of water is necessary for the formation

of cymrite. This may possibly be a reason
why the mineral cymrite is so rare in nature.

b) The close relationship between cymrite and
the barium feldspars (Table 14).

1

TABLE 1k.

General relationships between potassium and barium
feldspars (after Seki and Kennedy, 1964, p. 1407).

KA181208 + HZO —————————— — KHAISiBOB.OH
Sanidine! water pressure New phase
A N (x8-Ba)
' Solid
(KSi-BaAl) \V  solution
Solid solution ’
(Hyalophane l BaAlsiy0g.OH |
series) l cymrite !
(A1-SiOH)
Solid
\/ solution
. - .
BaAlQS 1208 BaA128 1208
Monoclinic celsian| pressure Hexagonal celsian

Runnels (1964, p. 164) reports that where subjected
to supergene processes, cymrite alters to an extremely
fine-grained mixture of kaolinite and barite.which tends
o~ sbuenagthen the osseeiation with feldoper as- kaolindte
ks 4 Gommen- otborpation preduet of feidsper~

In the Black Rock lline barite was found close to
one of the bostonite bodies and is therefore possibly an

alteration product of the cymrite.
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Physical characteristics: Cymrite is hexagonal and

colourless when pure. It has a perfect basal (0001)

cleavage and the lustre is like satin.

Optical properties: The mineral i1s uniaxial negative,

the extinction 1s straight and the indices of refraction
. . (i0.00Sg .

are: & % 1.615 and W = 1.612. Crystals of different

habits are shown in photo 9%. The mineral contains iron

as impurity along tka cracks.

Occurrence: It is present in the bostonite at the Black

Rock and Hotazel Mines. Some samples contain an odd
lath of feldspar (approx. 5%) which is now altered to

kaolinite.

Diagnosis: Crystals of cymrite that show cleavage may

be mistaken for pyroxene. The colourless crystals with
lowsr rclief (photo 9% - thin sec. TH 3) may erroneously
be ildentified as either nepheline or apatite. The X-ray

diffraction pattern of cymrite is excellent.

23) Piedmontite - Ca2(Al,Fe,Mn)3(OH)Si3O12

«Physical characteristics: Piedmontite occurs as small

laths.

Optical propertigs: The mineral is biaxial, 2V(s+) ig

large, the pleochroism varies bstween lemon, orange and
amethyst-pink and the anisotropism is strong. The index

of refraction ism#i.72 (¥), the small grains do not allow
a more accurate determination.

Occurrence: It is present only in the bostonite from

Hotazel and then as minute laths (thin sec. TH 4).

Diagnosis: The identification of the mineral from
Hotazel is rather difficult owing to the small grain-size

(5 /"). The X-ray diffraction pattern is poor owing to
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lack of sufficient material but a fair agreement with

that of the ASTM cards could be recognised.

24) Acmite - NaFe3

L
81206

Physical characteristics: Dark-brown crystalline aggre-

gates of acmite are observed in hand-specimens.

Optical propertics: The colour is mainly red-brown, also

light-brown to yellow, occasionally dark-green. The grain-
sizs ranges from 10 to 100 micron.

2V(-) = 68°, weakly pleochroic in shades of brown, and
X/vC=2-15° (not accarate); n« = 1.75,

nf = 1.77 (sodium light).

Occurrence: Acmite is present at Black Rock only and

then as aggregates in the banded ironstone. Blobs of
andradite and acmite are mutually associated (photo 51 =~

thin sec. TR 2).

Diagnosis: The mineral was identified by means of X-ray,

chemical (Table 15) and optical data.

According to Deer, Howie and Zussman (1963, Vol. 2,
p. 80) the following applies as far as the nomenclature

of acmite and aegirine is concerned:-

"Although the term acmite has generally been adopted
to describe the NaFeB*Si2O6 'molecule', both aegirine and

acmite have been used for pyroxene of approximately this
composition. Aegirine is generally restricted to the
green to black bluntly-terminated crystals that are
strongly pleochroic in thin section whereas acmite is

restricted to the brown variety showing pointed termi-

nations and is only weakly plecochroic."

Considering the gensral brown colour and weak pleo-
chroism of the mineral from Black Rock the name acmite

is adhsred to.
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TABLE 15.

Chemical composition of acmite

L 2.

Si02 53.1 52.48
Ti0, 0,02 0.57
Fe203 32.42 31.74
FeO 0.008 0.93
MnO 0.54 0.10
g0 0.11 0.15
Cal 0.63 0.28
Na2O 11.6 12.05
K50 0.07 0.35
H,0 = ___ 87 —

99.76 99.61

Calculated in terms of 6 0O-atoms

Si 2.055 2,004
Al 0.018 0.043"!
Ti 0.001 0.016
. +3
Mg 0.006 0.008
Fe*2 0.003 0.030
Na 0.830; 0.8927
Ca 0.026| 0.86 0.011 ] 0.93 x
K 0.00Y4 0.017

1.) Acmite from Black Rock (analysed at the Research
Laboratories of ISCOR).

2.) Acmite, Quincy, Massachusctts (Desr, Howie and
Zussman, 1963, Vol. 2, p. 82). Includes
ZI‘O - Oo)"l"l; (Ces Y) 203 - Oo)'.'8-

@ Includes Zr - 0.007
X Includes Ce - 0,006
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25) Nontronite - montmorillonite

Nontronite is present as an alteration-product of
the bostonite at Hotazel, Devon and Black Rock. The
mineral is soft, soapy and gives X-ray diffraction and
D.T.A. patterns that correspondwih montmorillonite and
is named nontronite owing to its typical light-green
colour. For more detall regarding the mode of occurrence
the reader is referred to the heading 'Bostonite'! under

chapter 1IV.

26) Hydromica

This mineral is associated with nontronite as an
alteration-product of the bostonite from Hotazel and
Black Rock. 1In the material representing the altered
bostonite at Devon no hydromica was observed. The
mineral was identified by means of X-ray diffraction,

D.Te&s. and optical methods.

27) Barytes - BaS0y,

This mineral is present in ore from Black Rock only.
John de Villiers (1960, p. 148) reported barytes to be
as common as opal, particularly in material from shaft
No. 4. The present investigation disclosed only a few
isolated samples containing barytes. However, the
chemical analyses tabulated in Table 18 show appreciably
more BaO in the ore from Black Rock iflineg than in the ore

from any of the other mines.

28) Manganous langanite - MnOQMn(OH)2

During an examination of the oxidation of mangansse

hydroxide, Feitknecht and Marti (Ljunggren, 1955, p. 1h45)
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found the final product of oxidation to be approximately
’-anOéMn(OH)2 and named it nanganous manganite. The
X-ray pattern of thelr material has only five distinct
raflections of which the most diagnostic is the one with
a d-spacing of 7.13 2. Manganous manganite has been re-
ported in manganiferous bog-orc from Glitrevand, Norway
(Ljunggren, p. 146) where it secms to be clossly related
to delta-MnO2 which has only two X-ray reflections.
Little 1s known about these minerals and even Ramdohr
(1956) does not mention manganous manganite or dclta-
Mn02.

The d-spacing 7.13 X as well as the d-spacing
6.95 foor cryptomelane was found in the ore consisting
mainly of cryptomelane and wad which is from Hotazel uiins.
The other X-ray reflections corresponding with those of
manganous manganite could not be recognised as they co-
incide with those of cryptomelane and other minerals.
Delta-MnO2 may be present in this ore, but owing to over-
lapping of reflections a positive identification of this

oxide 1is not possible.
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IV. DISTRIBUTION OF THE MINERALS IN
THE ORE AND IN THE WALL-ROCK

A. 'THE MINERALOGY OF THE ORE

The various ores are named according to the chief
ore-minerals present (Table 16) and the minsrals of the
ore are discussad in order of abundance. The description
of the ore-body commences with the foot-wall side, and

proceeds upwards towards the hanging wall.

THE EASTERN BELT

HOTAZEL MINE

The description of the distribution of the minerals
in the ore-body at Hotazel is based on the examination
of ten samples representative of the lower and the upper
ore-bodies only. The mine was sampled towards the end of
1961 in an area relatively free from ferruginisation.
Mining operations only reached the more ferruginised

portions towards the middle of 1963.

The lower ore-body

1) Bottom cut

CONTACT=0RE This ore is situated near the underlying

—— e s Seenten e e

banded ironstone (pol. sec. Hl).

a) Amorphous material - is common and probably represents

crygptonelane. For furthsr information the reader
is referred to the thermal studies (chapter VI).

b) Hausmannite - is present in limited amounts although

it is fairly common throughout as remnants. It is
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TABLE 16,

Distribution of the manganese ore

in the Kalahari Manganese-field

Mine Upper ore-body|liddle ore- |Lower ore-body
body
HOTAZEL | Ore rich in Bottom cut:
hausmannite present Contact~ore
and Bravnite rich ore
jacobsite but Cryptomelane-rich
not e 2EE
: Ton. cuts
examined Cryptomelane~rich
ore
Hausmannite-rich
ore
Ore rich in cryp-
tomelane and wad
Ore rich in cryp-
tomelane and
jacobsite
DEVCIT Cryptomelane-~rich
t not Ore rich in bggiw
not present present nite and crypto-
melane
LANGDON Cryptomelane-rich
not not ore
Ore rich in
present present cryptomelane and
jacobsite
Hausmannite-rich
ore
MAMATWARN Ore rich in
cryptomelane and
ADAMS bravnite
SMARTT Ore rich in
braunite and
todorokite
|
BLACK Ore rich in Ore rich in Ore rich in
ROCK braunite, braunite, braunite,
hematite and hematite and | bixbyite and
cryptomelane cryptomelane | cryptomelane

i
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generally altered to cryptomelane and todorokite,

c)
d)

8)

)

g)
h)

Cryptomelane - replaces hausmannite.

Goethite - 1s dissemminated throughout in large
patches.
Braunite - is present as small crystals in limited

amounts and in a few patches.

Pyrolusite - constitutes minute inclusions in

limited amounts.

e e ettt s e s e

Opal - is fairly common as narrow veins and vug-

fillings.

Textural relationships of the contact-ors

The ore is spotted owing to selective weathering

(photo 95) and is texturally fine-grained with mottled

patches consisting of aggregates of altered hausmannite

crystals of which the outlines are irregulsar.

BRAUNITE-RICH ORE: This ore forms the largcest portion

of the bottom cut (pol. secz H2, 3, 4).

a)

b)

c)

d)

Braunite - is the chief ore-mineral (5 to 50 micron)
and is predominant in some arecas where it is closely
packed.

Pyrolusits - is very fine-grained (1 to 10 micron)

and it replaces braunite. It is also associated
with cryptomelane in nodulss, giving the ore a spotted
appsarance. Veins of pyrolusite intersect most of

the ninerals.

Cryptomelans - is associated with braunite, mainly

as needles and as veins. The mineral is mainly of

secondary origin.

Goethite - is fine-grained and is present mainly in

the ground-mass in between braunite and pyrolusite
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(photo 22(a) and (b) - pol. sec. H2) and covers
large arcas. It is also finely dissemminated 1in
patches and as bands.

¢) Hougmannite - 1s present in some of the samples, in

clusters and zones and also as scattered remnants
(50 to 100 micron).

f) langanite - 1s present in some samples as equant
grains (10 to 40 micron), in veins and in vein-like

bodiss. It is also dissemminated in the ground-

g) Hematite - is fairly common where associated with

braunite although in limited amounts and dissemminatsd.

h) Chalcophanite - is intergrown with cryptomelane, in

aggregates and colloform banding (photo 85 - pol.
sec. H4) and as 'cell-like' structures (photo 86 -
pol. sec. HY).

i) Bixbyite - is present in hausmannite as a few iso-
lated, small crystals and also in a vein that inter-
sects most minerals.

j) Lithiophorite - constitutes very small crystals in

altered hausnannite and was observed in one sample
only.

k) Anmorphous material - occurs in limited amounts, al-

though it is‘fairly conmon and it replaces haus-

mannite in particular.

Textural relationships of the braunite-rich ore

The ore is massivc and has a layered appsarance
(phbto 96 - pol. sec. H3) accentuated by the concen-
tration of goethite, pyrolusite, cryptomelans and nan-
ganite along layers and by nodules of pyrolusite,
braunite and cryptomelans and also by colloform banding

(photo 85 - pol. sec. HY).
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2) Iop_cut

CRYPTOMELANE-RICH ORE: This ore is situated near the

bottom cut (pol. sec. H6).

a) Cryptomelanc - In certain portions the cryptomelans

is free from inclusions and in others it contains
equant grains of minute braunite and pyrolusite.
Coarser grained cryptomelane in veins intersects
most minerals.

b) Braunite - Equant grains of braunite are concentrated
along bands. These grains are minute in size.

¢) Pyrolusite - is present as veins and also in limited

amounts in patches of which the outlines are irregu-
lar.

d) Gogthits - is dissemminated throughout the ground-
mass but is also concentrated in patches and in
veins.,

e) Hematite - occurs mainly as nminute inclusions con-

centrated in banded patches.

f) 4 'nsutite-like' minerazl - The mineral is found as

veins and in patches. (The material is, however,

insufficient for X-ray identification).

Textural relationships of the cryptomelane-rich ore

The ore has a massive, dense appearance and slight
layering is observed where braunite and goethite ars

concentrated in zones.

HAUSMANNITE-RICH ORE: This ore is present near the

centre of the top cut (pol. sec. H7).

a) Hausmannite - is fairly unaltered and coarse-grained,

and 1s present in closely packed patches.
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b) Jacobsite - occurs
i) as bands resembling veins in hausmannites
that have formed as the result of exsolution
and give the false impression of being
transgressive (photo 39)
ii) dissemminated throughout hausmannite as a

product of exsolution (photo 30).

Jacobsite probably crystallised from a rssidual
solution after the hausmannite had formed. For
| further details regarding the origin, the rsader is
referred to chapter VI under 'Thermal studics'.
c¢) Bixbyite - is present in linited amounts:-
i) in veins, associated with a younger
manganite. The bixbyite occurs along
the edge and the manganite towards the
centre of veins and vugs
ii) dissemminated throughout hausmannite.,
d) Manganite - is sometimes associated with bixbyite in
veins and vugs.

e) A_'nsutite-like!' mineral - is associated with man-

ganite (photo 97) as a replacement intergrowth and is
also intergrown with pyrolusite.

f) Cryptomclang - Cryptocrystalline cryptomelans is

found in patches and in veins that intersesct a
'nsutite-like' mineral.

g) DPyrolusite - is a product of replacement of haus-

mannite (photo 68) and it is also intergrown with
a 'nsutite-like' mineral.

h) Goethite - is dissemminated and concentrated in
patches.

i) Hematite - 1s present as ninute inclusions in

bixbyite and Jjacobsite.
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Jj) Lithiophorite - is found as isolated, minute crystals.

Textural relationships of the hausmannite-rich ore

The ore has:-
i), a dull but red-brown sheen brought about
by the coarseness of the hausmannite
ii) a layered appearance (photo 97) brought
about by parallel bands of manganite, a

'nsutite-1like' mineral and bixbyite.

ORE_RICH IN CRYPTOMELANE AND WAD: This ore is present
near the top of the top cut and in certain parts of the

bottom cut.

a) Cryptomelane - forms lenticles in parallel bands

(photo 18) replacing wad (photo 19). The cryp-
tomelane contains goethite and minute inclusions of
hematite.

b) Wad - This earthy material is replaced by cryptome-
lane. The wad contains cryptocrystalline specks of
hematite.

c) sanganous manganite - has beon identified in this

ore by means of X-ray diffraction only.

Textural relationships of the ore rich
in cryptomelane and wad

The ore has a layered appcarance brought about by
the oriented habit of the cryptomelane which replaces the

wad.,

ORE_RICH IN CRYPTOMELANE AND JACOBSITE: This ore is

present near the top of the lower ore-body (pol. ssc. H9).

a) Cryptomelane - constitutes patches and also veins.

These veins intersect most minerals.
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b) Jacobsite - is dissemminated and also in bands re-
sembling veins that have formed as a result of
exsolution and give the false impression of being‘
transgressive.

c) DNsutite - is cryptocrystalline and is present in
patches.

d) Pyrolusite - is cryptocrystalline and patches of

pyrolusite have irregular outlines.
e) Goethite - is dissemminated in the ground-nmass and
also replaces jacobsite.

f) Hausmannite - was probably early in the paragenetic

sequence and only remnants are present.

g) Lithiophoritc - constitutes minute crystals.

h) Hematite - is present as minute inclusions.

Textural relationships of the ore
rich in cryptomelane and jacobsite

This metallic-bright ore is well jointed and has a
spotted appearance brought about by cryptomeslane,
nsutite and pyrolusite found in spherical patches

(photo 98).

The upper ore-body

ORE_RICH IN HAUSMANNITE AND JACOBSITE: (pol. sec. H 10).

a) Hausmannite - is present as fine-grained crystals

(2 - 20 micron), and is intergrown with jacobsite

(photo 29). Hausmannite is also coarse-grained

(photos 28 and 30) particularly in 'vugs' (photo 99).
b) Jacobsite - Fine-grained jacobsite is dissemminated

and also in bands rescembling veins that have formed

as a result of exsolution (photos 38 and 39). 1In
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certain patches jacobsite predominates over haus-
nmannite and forms closely packed Jjacobsite.
Jacobsite is often riddled with minute inclusions
of hematite (photo 37).

c) Cryptomelane - 1s also a chisf ore-mineral and ex-

tends over large patches. Veins of relatively
younger cryptomelane intersect all the other minerals.

d) Nsutite - is present in vugs (photo 99) and replacses
hausmannite.

¢) Pyrolusite - is intergrown with nsutite and cryp-

tomelane. Veins of pyrolusite intersect most minerals
but is itself intersected by veins of cryptomelane
(photos 61 and 62).

f) Gocthite - is dissemminated and also in bands
(photo 99) where it may be associated with andradite.

g) Andradite - is fine-grained and localised to patches

and may be associated with goethite.

Textural relationships of the ors rich in
hausmannite and jacobsite

This metallic-bright ore has a layered appecarance
(photo 99) which is brought out by:-
i) 'vug-fillings' which are parallel to one another.
ii) altemstion o bands rich in ore-minerals and
in silicates and iron oxides. The bands rich
in ore-minerals consist of hausmannite, jacob-
site, etc., am the bands rich in silicates
consist of andradite, goethite and 'manganese

oxide'!'.

FERRUGINOUS AND SILICEOQOUS ORE OF HOTAZEL

Hitherto the mineralogy of the ore of the areas

free from highly ferruginous and siliceous material has
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been described. However, during the latter half of 1963
the Hotazel lline was again visited and at this stage the
ore-body revealed many ferruginous (photo 3) and
siliceous portions, particularly in the lower ore-body.

Macroscopically the ferruginous portions are often

without bedding-planes (photo 3b) are red in colour and
have an earthy appearance very much like that of weatherasd
hematite. This ferruginous material is herseafter re-
ferred to as the ferruginous ore and is not to be con-
fused with the mangenese ore that has been ferruginised
and silicified, with a jaspery appearance. Iiicroscopic-
ally the ferruginous ore consists wmainly of shiny, fine-
grained specks of hematite and bright-red iron oxide,
probably also hematite, in between. Extending through
all this are portions rich in hematite which are without
sharply demarcated boundaries. Numerous velns and vein-
like bodies of which the boundariss are sharp, intersect
the ground-mass. These veins and 'vein-like!'! bodies are
filled with andradite and jacobsite (photo 47). Along
the edges of the veins are numerous idiomorphic laths of
hematite projecting inwards towards the centre of the
vein. As far as the veins are concerned it was not
possible to determine the paragenstic sequence of the
Jacobsite and the andradite. The idiomorphic hematite
had obviously formed later than the jacobsite and the
andradite.

Samples along the contact between the manganese ore
and the ferruginous ore gave little indication of the
paragenetic sequence of these two ores. The only indi-
cation as to the.age of the two ores is the fact that the
ferruginous ore is often not lamminated and that thse
lamnminations of the manganese ore terminate against the

ferruginous ore (photo 3b). This indicates that the
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ferruginous ore had formed subsequent to the manganese
ore. However, the presence of jacobsite and andradite in
veins intersecting the red, ferruginous ore is an in-
dication that the red, ferruginous ore had probably
formed during the early stages of formation of the ore
(manganese and iron) as andradite is considered to be
one of the late metamornhic minerals. Assuming that
slumping and leaching had taken place during the early
stages of formation of the ore, it seems logical to
conclude that the ferruginous ore could have formed in
these areas, not excluding the possibility of the ferru-
ginisation of the adjacent areas simultaneously. Ferru-
ginisation of the manganese ore had taken place at some
later stage.

The reader is referred to chapter VII on the origin
of the ore for more information regarding the slump-

structures.

Siliceous portions are present in small, localised

areas 1in the ore-body at Hotazel iline:-

i) Along the contact between the manganese ore
and the ferruginous ore, representing alter-

ation-rims surrounding 'inclusion-like'

bodies of the ferruginous ore.

ii) Along the foot-wall of the lower ore-body,
particularly along the banded ironstone sids.

iii) In the upper- and lower bodies, clearly
representing silicification and to a lesser

extent ferruginisation of the manganese ore.
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DEVON MINE

Therc 1is only one orc-body at the Desvon Mine and
it is considersed to be the equivalent of ths lower ore-
body of ths Hotazel iline although in comparison, as far
as the mineralisation is concerned, it is more monotonous.
The ore-body of the Devon uline is less layered than the
Hotazel ore-body and consists mainly of ore rich in
cryptomelane and braunite.

Ferruginisation of the ore-body is practically
absent except for a narrow zone along a vertical fissure
and also near the foot-wall along the eastern rim of the

workings where it is found in large irregular areas.

a) Cryptomelane - occupies large patches. It also re-

places braunite and hausmannite.,

b) Braunite - is mainly present as equant grains.

c¢) Goethite - is fine-grained and disserminated in the

ore but is also concentrated in patches of irregular
outline. Goethite is more coixion near the hanging
wall,
d) Hematite - occurs as minute inclusions in the
groundnass . Hematite is also concentrated in
patches of irregular outline and in layers. The
outlines of some of the crystals of hematite ars

irregular owing to corrosion.

Textural relationships of the ore rich
in cryptomelans and braunite

The ore has a layered appearance causcd by alter-
nating layers of cryptomelane, hematite and gocthite
(photo 100 - pol. sec. D1). The hematits and the

goethite also build nodules which accentuate the layering
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of the ore,.

CRYPTOMELANE-RICH ORE

a) Cryptomelane - patches of irregular outline are

associated with iron oxides. Nodules and lenticular
nodules (photo 101) are closely associated with
goethite and relic hausmannite.

b) Iron oxides (goethite) - The iron oxides consist

mainly of goethite and under conditions much the

same as in the ore rich in cryptomelane and braunite.
¢) Hematite - 1s present under conditions very nuch the

same as in the ore rich in cryptomelane and braunite.

d) Housmannite - builds clusters and is generally re-

placed by todorokite and cryptomelane (pol. sec. D1).
It 1s also found in the ore rich in cryptomelane and
braunite.

e) Todorokite - is mainly a replacement product. In

nodules it replaces hausmannite (photo 32).

Textural relationships of the cryptomelane-rich ore

This ore is generally less layercd than the ore
rich in cryptomelane and braunite (photo 100), although

anomolous cases were observed.
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LANGDON MINE

This mine is just across the fence to the sast of
Devon and is on the same manganess ore-body. The ninerals
of the ore-body are the same as at Devon except for the
faulted area along the eastern rim of the workings where
the ore is brecciated in parts and has been subjected to
supergene mineralisation. In this fault-zone hausmannite-

rich ore is found.

HAUSMANNITE-RICH ORE: (polished sections N1 and N2)

e e e e e e e et e

closely associated with jacobsite (as in photo 29).
It is present also as small idiomorphic crystals in
the larger crystals of hausmannite and also as angu-
lar fragments in the brecciated portion of the ore.
b) Todorokite - i1s mainly secondary and replaces
hausmannite and 'nsutite'. Todorokite 1is present
along shrinkage-cracks in the pyrolusite and as
cementing material in the brscciated portions.

¢) !'Nsutite-like' mineral - This mineral rsplaces

hausmannite (like photo 91). X-ray diffraction
patterns of this mineral gave strong reflections of
cryptomelane and very diffuse ones of nsutite,
Optically it resembles nsutitec.
and near hausmannite. It often contains minute in-
clusions of hematite (as in photo 37) and occassionally
fills shrinkage-cracks in pyrolusite (rare) and is
present as angular fragments in the brecciated
portion of the ore.

e) Pyrolusite ~ is fine-grained and patches of pyrolu-
site have irregular outlines.

f) Hematite - is dissemminated as minute inclusions.
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Textural relationships of the hausmannite-rich ore

This metallic-~bright ore is massive with 1little
layering. It is present only along the faulted area over
a width of approximately 20 feet. The ore is high-grads,
and the brecciated portion consists mainly of aggregates
of angular hausmannite and jacobsite. The large crystals
of hausmannite and Jacobsite and also the 'nsutite' are
considered to post-date the brecciation. Todorokite
constitutes the cementing material.

From the paragenetic sequence mentioned above it is
evident that some of the hausmannite and jacobsite must
have formed after the tectonic movements had taken place
and only along the zone of faulting where solutions could

penetrate more freely.

THE CENTRAL BELT

The mines Mamatwan, Adams and Smartt are situated
in the Central Eslt. Noteworthy of the ore from the

Central Belt are the high values of Ca0 and CO, in the

2
chemical analyses (Table 18). These ars the highest for
the Kalahari iianganese-field. For further information
the reader is referred to chapter V dealing with thse

geochemistry of the ore.

MAWMATWAN - ADAMS

The mines kiamatwan and Adams are just across the
fence from each other and as they are on the same ore-
body the mineralogy of the two mines will be dealt with

together.,
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ORE RICH IN BRAUNITE AND CRYPTOMELANE

a) Braunite - constitutes small, equant grains.

b) Cryptomelane - is present as follows:-

i) 1in nodules, where it replaces hausmannite,

giving the ore a mottled appearance (photo 60)

ii) as cementing material betwsen grains of
braunite (photo 59 -{pol. sec. M7a)

iii) along grain boundaries of calcite (photo 102b -

pol. sec. il7a)

iv) in veins which are intersected by a later
calcite

v) sometimes along cleavage-planss of calcite.

c¢) Todorokite - replaces hausmannite and minerals of the
ground-mass and 1s associated with pyrolusite in
nodules. A structure somewhat like the cells of a
plant is observed in places.

d) Hematite - occurs mainly as minute inclusions in
braunite and also as laths that replace carbonate
minerals in nodules (photos 102 and 103 - pol. sec.
i[7a) and along edges of carbonate veins and also as

idiomorphic crystals probably of secondary origin.

e) Iron oxides (goethite) - These oxides are meinly

goethite and are fine-grained and dissemminated.

f) Hausmannite - Clusters of hausmannite, particularly
in nodules, are generally replaced by cryptomelans
and todorokite.

g) Manganite - is present in limited amounts and then
in nodules only.

h) Bixbyite - in nodules replacing hausmannite. It is
also associated with manganite and in rare in-
stances the odd grain i1s dissemminated in the ground-

mass.

i) Lithiophorite - constitutes lenticles.
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j) Pyrolusite - occurs mainly in nodules.

k) Mcgnetite - was observed in one vein and also in a

few odd grains in the ground-mass.

Gangue-minerals

i) Calcite - is common in the ore as a primary
constituent and is dissemminated amongst the
other minerals. It is also present 1in vein-
like bodies in the ore and in the 'carbonate-
rock! (photo 9). Calcite also formed at a

later stage in veins.

ii) Rhodochrosite - occurs as vein-like bodiss in

the 'carbonate-rock! (photo 9) and also in

nodules.

Textural relationships of the ore rich in braunite
and cryptomelane

The ore is massive and has a lenticular appearance
when observed in reflected light. The lenticles are
elongated parallel to the bedding of the ore (photos 104
and 105).

SMARTT MINE

This is the only mine of the Central Belt where
banded ironstone is exposed on the hanging wall side. 1In

bodg
the suboutcrop the ore-is greatly enriched in manganess.

ORE RICH IN BRAUNITE AND TODOROKITE (pol& secs. S 1, 2,
3y, H).

a) Braunite - occurs as equigranular grains, occassion-

2lly with minute inclusions of hematite. The
braunite i1s loosely and densely packed, with many
remnants of carbonate in between, and in places
it is replaced by todorockite, cryptomelane and
bixbyite.

b) ITodorokite - is mostly fine-grained, particularly
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where it is associated with cryptomelane. In
nodules it is more coarse~-grained. The mineral re-
places braunite and bixbyite as well as minerals of
the ground-mass, e.g. carbonate minerals. The veins
of todorokite intersect most minerals.

Cryptomelane - 1s fine-grained but massive where

Bixbyite

Hematite - occurs as minute inclusions in braunite

associated with todorokite and is difficult to
identify. It also builds nodules and veins.
Gosthite - is mainly dissemminated in the ore, re-
places cryptomelane and in vugs, bixbyite and
braunite (photo 107). Goethite, psseudomorphous pro-
bably after bixbyite, 1s present in a vein of

todorokite (photo 82).

- replaces braunite.

and also in some veins.

Pyrolusite - The odd small grain of pyrolusite is

present in veins of cryptomelane.

Gangue-minesrals

e.gl

The gangue-minerals are mainly carbonate minerals,

calcite and rhodochrosite and are present under

the same conditions at Smartt as at the wamatwan and

Adams Wines.

The chemical composition of one of the

vein-1like bodies indicates that it is free from magnesia

(chapter V).

Textural relationships of the ore rich in braunite
and todorokite

The ore has a layered appearance which 1s accen-

tuated by the many nodules (photo 108 - pol. sec. S2).

In places lenticular veins of limestone (low in

magnesia) are common (photo 8).
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THE WESTERN BELT

BLACK ROCK MINE

There are two main groups of ore-bodies at Black

Rock:-

a) The ore-bodies of the 'hogback!. Samples
of this ore were examined during the coursse

of this investigation.

b) The ore-bodies encountersd in bore-holes
and shafts situated to the east of thse
thogback'., This material was not avail-
able to the author.

THE 'HOGBACK'

There are three consistent ore~bodies and the
samples examined were taken in the open-cast workings
along the line 4B (Folder 2). 4lso examined were the
samples taksn along the strike of the ore-bodies and
taken underground from the lower ore-body down dip to
900 feet. ©No variation was observed in the minerals of
the ore from 900 feet or those from the lower ore-vody

near the surface.

1) The lower ore-body

This ore-body consists mainly of braunits and/or
bixbyite. Cryptomelane replaces both these minerals

in varying degrees.

ORE RICH IN BRAUNITE, BIXBYITE AND CRYPTOLELANE

(pol. secs.BR la, b, c, 4).
a) Braunite - is common in all the ores and may in

places form the major constitusnt.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



b)

c)

d)

e)

)

g)

h)

NIVERSITEIT VAN PRETORIA
N RSITY OF PRETORIA
u ITHI YA PRETORIA

112.

i) Braunite (ordinary)
Coarse-grained crystals of this mineral are
in places free from braunite-II. Braunite
(ordinary) is irregularly replaced by cryp-
tomelane (photo 96). It may be intergrown
with bixbyite and braunite-II.

ii) Braunite-~II

Coarse-grained crystals of braunite-II1 are
50 - 100 micron in size. In places braunite-

II is intergrown with braunite (ordinary).
Bixbyitec - In places bixbyite forms a major consti-
tuent of the ore, but generally it is less common
than braunite. In some specimens bixbyite and
braunite are intergrown and then they have mutual
boundary relationships (photo 27).

Cryptomelane - is common in all the ores and may

even predominate. It 1s generally later than braunite

and bixbyite. Cryptomelane replaces braunite along
certain (200) crystallographic directions (photo 57)
and also irregularly (photo 56) as well as along
grain boundaries. It 1s also present as 'rims!'
around braunite (photo 25) as well as in cracks in
the pyrolusite (photo 71).

Hematite - is present mainly as minute laths but
also as lurge crystals 1n brgunitc.

Goethite - is mainly secondary and replaces cryp-
tomelane in particular.

Pyrolusite - occurs in between bixbyite (photo 71)

but is also dissemminated.

Lithiophorite - 1is associated with cryptomelane in

vugs. The formation of lithiophorite post-dates
that of cryptomelanc.

Hausmannite - 1s present as remnants and then only

as the odd grain.
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Textural relationships of the ore rich
in braunite, bixbyite and cryptomelane

The ore has a layered appearance (photo 109) and
near the hanging wall the layering becomes more pro-
nounced (photo 110) where it has many patches that pre-

sumably represent remnants of the banded ironstone.

2) The middle ore-body

ORE RICH IN BRAUNITE AND CRYPTOMELANE

(pol. secs.BR 2a, b, c)

a) Braunite - only ordinary braunite was found in the
middle ore-body. It is both coarse- and fine-
grained and 1s replaced by cryptomelane in varying
degrees, It contains numerous minute inclusions
of hematite, the number of which increases as the
hanging wall is approached and in certah areas it

is associated with andradite (photo 49).

b) Cryptomelans - replaces braunite in varying degrees.

¢) Andradite - is present in certain patches only and
it is apparently later than the braunite (photos
L8 and 49).

d) Hematite - occurs as minute inclusions in the

braunite and the andradite (photo 46).

e) Lithiophorits - Traces of lithiophorite are present.

Textural relationships of the ore
rich in braunite and cryptomelane

The ore is massive (photo 111) and in places it is

layered (photo 112).

3) The upper ore-body (pol. secs.3a, b, c, d).

This ore-body contains numserous remnants of banded
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ironstone.

ORE RICH IN BRAUNITE, HEWATITE AND CRYPTOMELANE

a) Braunite - is in places idiomorphic and appears to
show an affinity for the siliceous portions of
banded ironstone (photo 11k). The braunite, both
fine-~ and coarse-grained, is replaced by cryptomelane.
Sometimes it is associated with andradite.

b) Hematite - occurs as minute inclusions particularly
in braunite and andradite (as in photo 46). Where
hematite is present in veins it 1s coarse-grained
and secondary in origin.

c) Cryptomglang - is generally secondary in origin.

It is dissemminated in the ore but is more concen-
trated in patches of which the outline is irrsgular.
In places it may be almost densely packed. The mine-
ral is also present as slender crystals along the
edges of wvugs.

d) Andradite - is localised in certain patches and
also in cracks where it is sometimes associated with
bright-red iron oxide, evidently hematite (photo 115).

e¢) Opal and chalcedony - is generally later than most

minerals and fills vugs (photo 114) and cracks.

Textural relationships of the ore rich
in braunite, hematite and cryptomelane

The ore is layered and in certain samples the
original structure of the replaced banded ironstone 1is

still to be seen (photos 113, 11k, 119).

AREA OF INTENSE FOLDING AT BLACK ROCK

As already explained in chapter II (the geology

of the Western Belt) recumbent and asymmetrical folding
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of the ore-body was observed in open-cast working No. 2
and No. 4 (Folder 2). Specimens of the ore from this
area were examined (samples a to e, photo 13) to determine
whether the folding pre- or post-dates the formation of
the ore, The ore consists mainly of braunite and
cryptomelane and subordinate quantities of hematite,
iron oxide, andradite and hausmannite. It is considered
representative of the middle ore-body of the Black Kock

iline except for the many signs of brecciation.

Sample a - represents a relatively unaltered ore, rich
in braunite with few signs of fracturing.

Sample b - This ore is rich in braunite and is much
brecciated. The brecciatzd areas and fractures

are recemented by a later cryptomelane and iron
oxide (photo 116). It appears as if this cementa-

tion by cryptomelane and iron oxide may be re-

latively recent in the paragenetic sequence
(photos &% anms 118).

Sample ¢ - shows much brecciation and the andradite is
found along cracks (photo 48).

Sampls d - The braunite of this sample is relatively
unaltered. However, diffuse signs of fracturing

are to be seen,

Sample ¢ - 1s much brecciated and more altered than
any of the other four samples. The braunite is

almost completely altered to cryptomelance and the
andradite presumably to iron oxide. The iron
oxide in the cracks and the brecciated areas has
a bright red colour. This alteration may be
attributed to some extent to the presence of
fault f2 (Folder 2) which is near by. Veins of
cryptomelane intersect the breccia (photo 119).

Textural relationships of the minerals

in the area of intense folding

The degrec of brecciation of the samples corresponds

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

@ﬂ&

1.1.6 .

with their respective structural positions. There seems
to have been two psriods of brecciation subsequent to
which the fragmsnts were recemented. Andradite appears
to be younger than one of the periods of brecciation as
it fills many of the cracks. It 1s also presumzbly older
than the younger period of brecciation although there is

little evidence to verify this.

B. THE MINERALOGY OF THE WALL-ROCKS

1) 'Carbonate-rock!

A brick-red, brown and purplish, layered rock
(photo 9) sometimes forms the foot-wall of the ore-
bodies of Hotazel, Devon, Langdon, Mamatwan and Smartt.
At Hotazel it is also pressnt in the hanging wall of the
lower ore-body. In these mines this rock is prssent in
the open-cast workings except at wamatwan where it Was.
encountered only in bore-holes. No drilling results for
Adams are available and this rock was not found in the
open~cast working.

The thickness of this layer ranges from 3 to 5
feet. The sample from Mamatwan is relatively soft and
consists mainly of hematite and a little minnesotaite
with lenticular bodies and streaks of dolomite, rhodo-
chrosite, ankerite and talc (photos 9, 54 - thin sec.

TM 16). No quartz or any clastic material was ever
found in any of the samples examined.

The 'carbonate-rock' from pamatwan is of a brick-
red colour and 1s less altered than the 'carbonate-rock!

from Hotazegl, Devon and Langdon Mines which is ferru-

ginised and of a more purplish colour. The ferrugi-
nised rock consists mainly of microscopic flakes of

hematite snd ixam omdds and some opal. The opal is
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probably pseudomorpﬁréfter talc. At Devon, Langdon and
Hotazel only minor quantities of the mineral minnssotaite
were found. The 'carbonats-rock' of these Mitax thres
mines has numerous lenticular strecaks of a red jasper.
The rock is often replaced by cryptomslane (photo 7).

At Smartt Mine the 'carbonate-rock'! is even more

altered to iron and mangansse oxides than at Hotazel and it
is also much harder. usacroscopically it consists of
pencil-slim streaks showing a metallic reflectance in a
dull, fine-grained material. The metallic strcaks are

mainly hematite, cryptomelane and pyrolusite.

Footnote: After completion of the text it occurred to the
author that the term 'proto-carbonate' would be more correct.

2) Bostonite (albitised)

An intrusive rock forms a shest-like body at Hotazel
and dykes at Black Rock. At Devon similar material is

. a)ong
found in the rubble aYf

a fault (photo 6).

This intrusive rock is brown in colour and when in
an altered state (often) it is red to red-brown or bluish
of colour. icroscopically it is porphyritic with a
spherulitic matrix. The matrix consists of slendsr
laths of alkali feldspar, partially sericitised (photo
120 - thin ssction TBH1), in which are
up of aggregates of albite, small crystals of iron oxids
and an odd crystal of sphsne. The feldspar of the
matrix consists mainly of albite and very little ortho-
clase-microcline. This identification of the feldspar
(possible on ong sample only) is based on X-ray dif-
fraction analyses as well as staining tests (Bailey
and Stevens, 1960, pp. 1020 - 1025) as the fine texture
of the matrix doss not lsnd itself to reliable optical
observations. The predominance of alkali feldspar as
well as the sub-parallel arrangement of the laths in

the matrix suggest that the rock is a bostonite.
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According to uoorhouse (1950, p. 300) bostonite is
characterized by a trachytic or flow-texture, in which
lath-shaped feldspar are arranged in a rough, but not
perfect, parallelism or in radiating patterns.
Flame-photometric determinations (carried out at
the Research Laboratories of ISCOR) indicate that the

rock contains 5.04% per cent Na,.0 and 5.42 pcer cent K50.

2
From these values the quantity of albite anf?*?'sﬁfggér

in the rock was calculated as 42 per cent and 32 per cent
respectively (by weight) assuming that all the K,0 is
present as orthoclase and not as sericite. However, X-ray
diffraction analyses indicate that not more than 5 per
cent orthoclase is present and therefore much of the

K2O must be present as sericite. The sericite most pro-
bably represents sericitised potassium fsldspar. The

rock may therefore be termed a bostonite that has been

albitised and sericitised.

Altered bostonite

At Hotazel certain portions along the centre of
the bostonite bodyare in a fairly advanced stage of al-
teration. It is altered to characteristic soapy material,
purplish to red-brown or greenish-yellow in colour, and
éﬁﬁﬁféfaﬁf'§ﬁ5§§§§rfﬁi§ﬁg bostonite body at Hotazel and
at Black Rock as plate-liks crystals (photo 94 ~ thin
sec. TH3) where it is associated with a dense matrix in
which small crystals of piedmontite (thin secction THY4)
and a 'sphene-like' mineral (not fully identified,
being too small) are present. No cymrite or piedmontite
was observed in the spherulitic matrix.

The alteration of the bostonite has apparently

taken place in stages, and probably as follows:-
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jasper alternating with glistening bands of iron oxids.
This rock is similar to the banded ironstone except that
the siliceous portions are bright red and tend to pre-
dominate over the iron oxide. This scarlet jaspsry rock
is found only locally and little of it has been observed
on the surface. The most striking example as far as the
red colour is concerned was observed on the dump alongside
shaft No. 3 (Folder 2 - pol. sec. BR Bl).

Altogether 25 samples of banded ironstone represen-
tative of the various mines of the Kalahari kianganese-~
field (excluding Adams and biamatwan lfines) were examined
by means of thin sections, X-ray diffraction, spectroscopy
and wet chemical methods. In five of the seven samples
from Black Rock acmite, and occasionally also andradits,
(photo 51 - thin secs. TB2, 3, 4) were found as aggregates
in place of the siliceous bands. Apparently acmite re-
places the chert. Unaltered banded ironstone crops out
near by. These samples from Black Rock are considered re-
presentative of the banded ironstone as they were taken
along and across the strike of the fermation. The indi-
cations on the surface are that acmite 1s present in a
certain portion of ths body of banded ironstone
(approximately one half). No acmite was observed in the
ore-body.

In order to determine the possible source of the
sodium for the acmite in the banded ironstone, determi-
nations were carried out for Na20 on twelve of the 25
samplegffgggdggei§§?§§§?§ ilanganese~-field (Table 17).

The average percentage Na20 of the chert of the banded
ironstone as calculated from the percentages cf Na
shown in tables 15 and 17, is 0.47 for the Eastern
Belt and the Centrel Belt (not Mamatwan and Adams),

and 4.45 for ths Viestsrn Belt. It 1is svident that not
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all the sodium of the banded ironstone at Black Rock can
be of a sedimentary origin. The mangansese ore of the
Kalahari iangansse-field contains on an average 0.3 per
cent Na20 (Table 18) and the 'carbonate-rock' 0.07 per
cent Na,0 (Table 20). Much of the sodium found in the
acmite at Black Rock was probably introduced hydrﬂhermally,
and if so, then probably during the late stage of the
intrusion of the bostonite, although there is no evidence
in favour of this. However, this seems to be a logical
conclusion considering the albitised nature of the
bostonite present at Hotazel. Grout (1946, p. 130) also
considered that the acmite from Cuyuna Range, kinnesota,
resulted from the action of hot sodic waters on hematitic

chert.

4) Inclusion of muscovite-garnet rock

At Black Rock Mine a soft, creamy-white rock is
present in the southern section of level 2. It forms an
irregular body, approximately 10 to 15 feet thick and
cuts obliquely across the ore-body. The rock is sheared.

Microscopically it consists mainly of muscovite
flakes which are distorted in places, numerous fine

crystals of garnet and fine-grained chlorite (photo 50).
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TABLE 17.

linor element content of banded ironstone and
'carbonate-rock!'.

WESTER? CENTRAL
EASTERN BELT WESTERN, - o |CENIR
HOTAZEL DEVON BLACK ROCK |SHARTT

%  per cent

HB3 HB4 HB6 HB8 HB1OIDB1 DB2 [BB1 BB2 BB3 |SBl

Na .31 .15 .68 .20 .1k 1.86 .4l L11 .12 6.8 | 1.0
Mn 1 .01 .1 .05 .0l ;.05 .0l 1.005 .05 .05 | .ol
Ca .01 .01 1 .0l .005!.005 .005'.005 .01 .05 |.0l

Sr .01 - .005 .005 - - - - .005 .005| -
Al .01 .01 .05 .01 .01 ;.05 .01 [.00% .01 .01 |.05
Cu .005 .005 - 005 - - - - - - .005
Pb .005 - .005 .005 - .005 - - - - -

Cr .005 .005 .01 .005 .005/.005 .005 ,005 .01 .01 |.01
Ni .005 .005 .005 .005 .005|,005 .005 [.005 .005 .005!.005

Co .005 - - - - - - - - - -
Sn .005 - - .005 - - - - - - -
Ti .005 .005 .01 .005 .005).005 .005 [.005 = - .01
v .01 - .005 ,005 .005|.005 -~ 005 - - .005
Ag .005 - - .005 - - - - - - -
Li_ .08 .10 .11 .18 .10 | 035 L19

All the samples are of banded ironstone except HB3
(jaspilite) and HB6 ('carbonate-rock').

Na was determined by flame-photometry and ths other ele-
Eents were determined spectrochemically (semi-quantita-
tively).

W, K, Mo, In, Bi, Sb, Te, As, Ce, Ga, EW, Ba, Hf, La
were looked for but could not bs detected.

(-) locked for but not detected.

Accomplished at the Research Laboratories, ISCOR.
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V. THE GEOCHEMISTRY OF THE #ANGANESE ORE

The following constituents were determined in re-
presentative samples from the minss Hotazel, Devon,
Langdon, Smartt, Adams, Mamatwan and Black Rock, by means
of s~

1) Wet chemical technigues -

5105, Fe203’ MnO, MmOy, Mg0, Cal, Na,0,
K50, HpO, COp, Po0g, 03, BaO, Sr0 and LiO.
and 2) Semiquantitative spectrochemical methods:-

Cu, Pb, Cr, Ni, Co, Mo, Sn, Ti, V and B.

The results are tabulated in Tables 18 and 19. The
data given in Table 18 are presented graphically on
Folder 3 in order to facilitate the interpretation of
the chemical composition and to demonstrate the character-
istics of the ore of the variovs mines. The graphs, from
left to right for each individual mine, represent the ore
sampled from the foot-wall upwards to the hanging wall

contact.

A., THE VARIOUS COJPONENTS

1) Iron, manganese and silicon

The quality of manganese ore depends to a large
extent on the iron content which can be kept low by
selective mining. High-grade ore is found at Devon,
Langdon, Hotazel and Black Rock. ©&ilica also tends to
lower the grade of the ore and on Folder 3 it is shown
that only the ore from Hotazel and Devon is high in
silica. such opal is seen at Hotazel, particularly
rear the base of the bottom cut.

Folder 3 also shows that at Hotazel the iron and

the manganese increase sympathetically from the bottom
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of the ore-body to the top with a somewhat inverse re-
lationship between iron and manganese on the one hand and
silica on the other. At Devyon the iron and the silica
increase sympathetically but there is an inverse relation-
ship between mangénese and iron. At Black Rock the ore
is low in silica, but high in iron and there is an in-
verse relationship between iron and manganese in the No.
3 ore-body.

These variations in the chemical composition of the
ore may be explained in terms of the component minerals
(set out in chapter IV - distribution of the minerals in
the ore and in the wall-rock). Inverse relationships be-
tween elements such as manganese, iron and silica, are de-

pendent on the presence of hematite and opal, for instancs.

2) Alkaline Earth Metals (Ca, "Mg", Sr, Ba)

Magnesium is not an alkaline sarth metal but is
grouped with these metals for the sake of convenience.
Calcium and magnesium are major constituents of most
rocks in the earth's crust whereas strontium and barium
are common, although only as minor constituents.

A close geochemical relationship between caicium

and magnesium is evident from Folder 3. In the Kalahari

Manganese~field the highest values for calcium were de-
tected at the mines Adams and Smartt. In these mines
calcium predominates considerably over magnesium.

Mookher jee, (1961, p. 725) also reported a preponderance
of caleium over magnesium in gonditic ore from India.

At Adams there is a sudden increase of calcium and mag-
nesium as the cover of Kalahari limestone is approached.
At Smartt, where there is no cover of Kalahari limestone,
only magnesium increases near the top. The higher

calcium and magnesium contents may be explained by:
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a) contamination from the cover of limestons, and

b) the presence of 'oolitic' remnants of car-
bonate in the ore-body (applicable to the
mines of the Central Belt).

Barium is generally more common than gtrontium in
igneous rocks. However, the low solubility of barium
sulphate may account for the small guantity of this
clement in natural waters.

According to kankama and Sahama (1949, p. 471)
strontium accompanies calcium consistently in minerals
and rocks of both igneous and sedimentary origin. There
are no strontium-bearing minerals present in the ores al-
though strontium was detected, and the strontium deter-
mined chemically must have been concealed within the rock-
forming minerals. At Adams uine the ore is markedly higher
in calcium, but lower in strontium than at any of the mines
in the Kalahari .anganess-fisld.

At Black Rock dine the highest barium values for
the area were encountered and it is in this mine only
that barytes 1s present, but not the barium-bearing
mineral, psilomelane. Some of the barium must, however,
be concealed in the rock-forming minerals as the SO3
content is too low (Table 18) to satisfy all the Bal as
barytes. The average percentage BaO is 0.34 which requires

0.15 per cent SO, but only 0.05 per cent is available.

3
According to Ljunggren (1955 B, p. 35) many sedimentary
manganese ores have a remarkably high content of barium.
He reported 0.01 to 0.1 per cent barium in bog-ores

from Sweden.

3) The Alkali ietals (Wa, K, Rb, Li)

Sodium and potassium are amongst the main con-

stituents of the lithosphere. Rubidium is one of the
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more abundant trace-elsments, about the same as strontium,
whereas lithium is relatively rars (Rankama and Sahama,
1949, p. L22).

In the ore of the Kalahari ilanganese-field pot-
assiunm predominates over sodium. Higher values for pot-
assium were encountsred at the mines Devon, Black Rock
and Hotazel where cryptomslane 1s the host for potassium.
At the mines Adams and Smartt where braunite predominates,
the potassium values are relatively low./Mookherjes,
(1961, p. 725) reported a preponderance of K over Na.in
gondit%gymag%gngggiageigr%?egg%%ain oré from the mines
Devon, Adams and Black kock is not fully understood.

At Black Rock Mine the sodium-bearing mineral, acumite,
occurs in the banded ironstone but not in the ore.

Rubidium was detected in trace-quantities in most
of the samples from the various mines. It is, however,
probably concealed in the rock-forming minerals as no
rubidium-bearing minerals were detected in the orses.

Only the most sensitive lines of rubidium around 7800 ]
were detected by means of spectrochemical tests. The less
sensitive lines of rubidium, which occurs in the ultra-
violet region of the optical spectrum were not detected
and this would indicate that only trace-quantitiss of
rubidium are present in the samples. Ljunggren (1955 B,
p. 41) reported trace-quantitics of rubidium in bog-

ores from Sweden.

Lithium is present in all the samples in pcrcent-
ages varying from 0.01 to 0.1k, The lithium-bearing

mineral lithiophorits is fairly common in the ores.

4) Trace-elements (Cu, Pb, Cr, Ti, V, Ni, Co, B and P)

No minerals were found in which these ions are

present in any noteworthy guantities and they must

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



RSITY OF PRETORIA

NIVERSITEIT VAN PRETORIA
N
u ITHI YA PRETORIA

127.

therefore be concealed within the rock-forming minerals.

The relatively high values for copper (0.008%) in

the ore from Black Rock Mine a® noteworthy and in canjunction

with the
a higher

mines of

fact that andradite at Black Rock iine suggest
grade of metamorphism than at most of the other

the Kalahari ilanganese-fiecld.

The highest valuss for boron were found in the ore

rich in braunite, which is from the mines Adawms and

Smartt.

This corresponds with the findings of

Wasserstein (1943. op. 389 - 398) who examined a number

of manganese samples from Postmasburg as well as some

foreign ores. He concluded that braunite is the sole

carrier of boron. The presence of boron in the orss

(braunite) of the Kalahari Manganese-field somewhat

suggests that it is a primary constituent.

Titaniwn was detected in all the samples (Table 19)

whersas vanadium was detected in 31 of the 36 samples.

The ions cobalt and nickel are consistently present and

e e

a preponderance of Co over Ni is indicated in Table 19.

Mookher jee (l%l9 p. 725) rcports similar relationships

for titaniuim, vanadium, cobalt and nickel in gonditic ore.

Phosphorus is universally present in samples of ore

from the Kalahari langanese-fiecld.

B. GEOCHEWMICAL AFFINITIES OF THE COMPONENTS

The pattern of the distribution of the minor

clements may be summarized as follows:-

1)

2)

K50 DNas0, and K*  concentrated mainly in

cryptomelanse and its allied manganese minerals.

Ca0 Mg0 and both predominate in the ore of

the Central Belt.
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3) Pb is present in all the samples except those

rich in wad (Table 19).

4) The ion Pb** shows a dependance on the amount
of Fe present in the ore. According to
mookher jee (1961, p. 726), who examined man-
ganese ore from India, the adsorption of the
ion Pb** on colloidal Fe:,(OH)2 represents a
case of chemisaption and not a Van der Waals'

type of bonding.

According to Ljunggren (1955 B, p. 36) the adsorbing
power of manganese dioxide has been examined from a
chemical point of view by various workers and it has
been shown that, dWssy¥ alds, barium, radium, ionium,
nickel and cobalt have been strongly adsorbed. He also
states that it is difficult to predict which elements
ought to be enriched and why certain elements have a
higher enrichment with respect to others irrespective of
whether they have almost the same chemical behaviour,
such as the enrichment of Co over N1 in manganese bog-
ore from Sweden. Ljunggren (p. 38) claims that the ad-
sorbing power of hydrous ferric oxide 1is not as pro-
nounced as that of manganese dioxide and that the ad-
sorbing power of MnO2 has been of great importance in
the formation of several manganese ores (p. 40).

In the Kalahari ilanganese-field the Mn and Fe
probably were in a colloidal state during the formation
of the ore and the manganese probably was deposited as
carbonates and oxides.

It is significant that the ore from certain mines
have a higher content of certain trace-elements. Ths
enrichment in the source-material probably accounts for
the higher contesnt of some elements in the ore in re-

spect of others.
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SAMPLE NO. 510, 41,0, Fe 0, }nO 100, Meg0 Ca0 Na,0 K0 Li0 1,0 co,, P05 S0, Bal ST0 TOTAL
HOTAZEL
H o) 21.64 0.42 9.82 7.98 46.93 2,30 2.47 0.11 0.84 - 7.26 0.14 | 0.16 0.16 0.08 | 0.29 100.60
H2 1o Lo ot 4.07 0.61 7.62 17.68 59.09 2.00 1.88 0.12 1.20 - 4.91 0.33 0.05 - 0.16 0.16 99.88
o : 17.19 C.51 6.52 11.92 52.17 2.30 2.00 0.16 1.73 - 4.80 0.18 | 0.05 - 0.08 0.28 99.89
14 8.1¢ 0.81 7.23 21.7 50.98 | 1.80 2.04 | 0.08 | 0.37 - 6.31 0.16 | 0.20 - 0.08 | 0.28 100.26
75 0.8% 0.79 11.05 9.25 71.05 1.23 1.54 0.03 0.21 - 2.98 0.17 | 0.64 - 0.12 0.18 100.09
16 15.04 1.06 10.47 6.26 58.12 | 0.80 1.84 | 0.03 0.33 - 3.95 0.44 | 0.23 0.12 0.08 0.08 99.85
H7 Top Cut 1.07 1.06 10.01 51.72 32.45 | 0.50 .1.10 0.00 0.00 - 1.24 0.39 | o0.01 ~ 0.12 0.06 99.73
a8 4.73 0.82 15.10 4.67 59.80 2.10 “2.01 0.07 2.70 - 5.90 1.86 0.16 - 0.12 0.39 100.43
O 2.32 0.32 13.92 10.60 67.61 0.7 1.5 0.03 0.17 - 2.50 0.24 | 0.004 - 0.08 0.19 100.29
710 “ Upper Body 1.42 0.77 13.37 23.69 54.76 | 0.87 1.93 0.08 0.19 - 2.14 0.13 0.10 0.07 0.32 0.11 99.95
DEVON
D1 5.83 0.44 10.83 6.62 63.90 2.17 2.17 0.44 1.64 0.05 5.40 0.00 0.07 0.26 0.09 | 0.38 98.12
D2 11.09 C.32 9.01 2.78 63.24 2.22 2.74 | 0.24 1.20 0.05 5.51 1.03 0.09 0.37 0.13 0.41 100.43
D3 3.49 0.40 10.54 12.55 58.24 2.43 2.01 0.39 2.00 0.05 7.05 0.22 0.09 0.38 0.38 | 0.25 100.47
D4 12.08 0.40 17.28 9.56 50.08 | 1.67 2.48 0.48 1.10 0.05 4.20 0.37 0.08 0.32 0.06 | 0.22 100.43
D5 10.69 0.44 20.85 3.54 51.60 2.19 2.54 0.19 1.92 0.03 5.39 0.15 | 0.14 0.36 0.19 | 0.19 100.41
D6 15.37 C.64 7.95 2.97 59.55 2.20 3.44 | 0.50 2.18 0.03 | 4.20 0.29 0.06 0.28 0.07 0.25 99.98
D7 3.24 0.44 21.59 7.01 53.47 2.19 2.30 0.18 2.48 0.03 5.81 0.66 0.11 0.27 0.03 0.31 100.12
D8 26.78 0.44 16.93 1.76 43.64 1.43 2.17 0.15 2.30 0.03 3.44 0. 40 0.13 0.38 0.03 0.28 100.29
ADAMS
A 6.00 0.59 6.46 28.78 35.64 | 3.01 7.33 0.26 0.24 0.09 1.87 9.48 | 0.12 0.10 0.11 0.04 100.12
A2 4.71 0.47 5.85 25.96 33.28 3.17 10.93 0.24 | 0.17 0.08 2.24 11.70 0.07 1.03 0.08 0.04 100.03
A3 7.10 0.37 5.93 17.16 50. 81 2.53 5.22 0.72 0.26 0.09 5.68 3.54 | 0.07 0.54 0.00 0.02 100.04
Al 3.59 0.48 6.18 19.45 41.98 2.42 10.55 0.48 0.22 0.08 3.24 10.67 0.12 0.40 0.19 0.04 100.09
A5 2.61 0.42 5.15 14.12 26.32 4.09 21.75 0.21 0.39 0.06 2.24 21.97 | 0.07 0.74 | 0.00 0.10 100.24
A6 2.35 0.43 5.06 15.03 28.27 4.24 19.83 0.27 0.46 0.06 2.34 20.76 0.05 0.90 0.00 0.08 99.52
SMARTT
s1 6.09 0.28 0.33 20.41 32.25 3.00 13.13 0.18 | 0.23 0.04 2.88 10.05 0.08 0.26 0.051 0.22 100.48
32 6.31 0.56 7.38 23.03 31.07 2.68 15.71 0.18 0.23 0.04 2.12 10.52 0.05 0.24 0.07 0.22 100.41
s3 5.00 0.20 11.02 2C.60 39.€4 2.10 9.93 0.27 0.21 0.05 3.90 6.97 0.06 0.28 | 0.05 0.10 100.38
S4 5. 44 0.24 14.18 15.45 28.99 2.51 14.68 0.14 0.26 0.05 7.06 10.49 | 0.08 0.21 0.10 0.25 100.13
35 5.61 0.16 7.19 23.34 33.78 3.43 12.75 0.21 0.19 0.05 2.67 10.05 0.09 0.46 0.04 | o0.22 100. 24
BLACK ROCK
Bl-a} .o 4.85 0.12 29.40 12.80 44,..04 1.17 3.60 0.07 1.08 0.04 2.10 0.01 0.07 0.10 0.35 0.06 99.86
Bl-b >0 3.69 0.20 £8.62 11.92 46.78 1.16 3.74 0.16 1.54 0.03 1.94 0.22 | 0.08 0.02 0.18| 0.06 100.34
Bl-c | =~ Y 7.92 0.32 28.44 18.39 36.66 0.89 4.16 0.19 0.84 0.04 1.56 0.36 | 0.14 0.01 0.20 0.06 100.18
B2-a i2a1e 4.94 0.08 27.62 14.97 44.12 | 0.93 3.95 0.15 1.08 0.03 1.94 0.02 0.14 0.08 0.31 0.05 100.41
B2-b .77 4.15 0.04 26.59 14.69 25.77 1 0.99 3.49 0.16 1.22 0.04 2.24 0.26 0.16 0.06 0.24 0.08 100.18
B2~c ; O 5.28 0.12 28.30 13.45 44.33 0.57 4.20 0.18 1.30 0.04 1.76 0.03 0.16 0.03 0.15 0.08 99.98
B3-a’y 4.88 0.04 28.26 11.06 45.64 | 1.16 3.10 0.08 | 0.84 0.04 1.90 2.54 | 0.07 0.10 0.44 0.06 100.21
B3-b | Upper 5.53 0.08 51.84 7.96 27.58 | 0.71 2.88 | 0.16 0.70 0.04 2.06 0.02 0.04 0.02 0.74 0.06 100. 42
B3-c [ Body 9.2 0.12 57.13 8.09 17.47 | ©0.68 4.00 0.58 | 0.34 0.01 1.88 0.40 0.14 0.02 0.18 0.06 100.39
B3-d } 5.15 0.04 50.42 8.04 28.62 | 0.84 3.40 0.16 0.69 0.01 2.14 0.02 0.04 0.06 0.59 0.06 100.29
L1 | onedon 1.24 0.36 8.05 11.90 65.46 2.32 2.30 0.24 1.12 0.05 5.90 0.22 0.09 0.16 0.48 0.22 100.11
L2 0.91 0.54 7.21 26.63 55.94 | 0.97 1.59 0.28 | 0.82 0.14 4.24 0.48 | 0.07 0.13 0.03 0.03 100.01

Analystss Dr. C.

=
(o]

+G. Schutte, Messrs. J.L. Fretorius and L.C. Haumann, 30ils Research Institute, Pretoria.
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SEMI-QUANTITATIVE SPECTROCHEMICAL ANALYSES

OF TEE ORE FROM THi K.M.F.

SAMPLE Cu Pb Cr Ni Co o Sn Ti v B
NO % % % % e % % % # %
H1 <.005 <.005 | <<.005 .005 .01 <.005 .005 .005 .01 1) 0
B2 <.005 <.005 | <<.005 .005 .01 .005 .005 .005 .005 3 .
H 3 <.005 | <<.005 | <<.005 .005 .005 | <<.005 | <.005 . 05 005 | .1 ) |f Bottom Cut
14 <.005 <.005 | <<.005 .005 .01 <<.005 .005 .005 .05 230)
HS5 <.Q05 .005 <2.005 .005 .005 .005 .005 .005 .01 1N
"7 <.005 .01 <.005 .005 | <.005 .005 .005 .005 <.005 .1 ‘\T Cut
78 <.005 % <.005 | <.00% .005 .C05 .005 .01 .1 .01 | oR M
H 9 <.005 .1 <.005 .Q05 .005 .005 .005 .005 .05 a0 |
H10 <.005 .1 X .005 .005 005 .005 .005 .01 o1 Upper body
D1 <.005 .00% <.005 .005 .01 <.005 .005 .005 .01 08
D2 <.005 .005 | <<.005 .005 .01 <.005 .005 .005 .01 .08
D3 <.005 .0C5 x .005 .005 .005 .005 .005 .05 .1
D4 <.005 .005 | «<.005 .005 .005 <.005 .01 .005 .01 .08
D5 005 | <<.005 | <<.005 .005 .005 <.005 .005 .005 .05 .01
D6 0cs <<.005 % .005 .005 <.005 .005 .005 .01 .01
D 7 .005 | <<.005 <.005 .005 .005 <.005 .01 .005 .005 .01
A1 <.005 <.005 <.005 .005 .01 <.005 .005 .005 | <.005 .1
A2 <.005 | <<.005 <.005 | <.005 .01 <.005 .005 .005 .005 .1
A3 <.005 <.005 <.005 | <.005 .01 <.005 .005 .01 x .5
i 4 <.0085 <.005 <.005 .005 .01 <.005 .005 .005 x .4
A5 <.005 <<.005 <.005 005 .005 <.005 .005 .01 .005 .1
s 1 <.005 .01 <<.005 .005 .01 <.005 .005 .01 .01 .5
S 2 <.005 <.00% <.005 ! <.005 .01 .005 .005 .01 <.005 .5
S 3 <.005 .01 <.005 | .005 .01 <.005 .005 .01 .005 .5
S 4 .005 <.005 <.005 | .01 .01 .005 .005 .01 005 | .5
S 5 <.005 | <<.005 x § .005 .005 | <<.005 | <.005 <.005 <.005 .05
Bl-a .005 .01 .005 .005 .01 <.005 .01 .01 x a1
Bl-b 01 .01 <.005 .005 .01 <.005 .01 .01 X 15 } Lower Body
Bl-c .005 .005 <.005 .005 .01 <.005 .01 .005 x 1
Bo-a 01 .01 <.005 | <.00® .005 <.005 .005 .005 | <.005 a1
B2-b 01 .01 <.005 .005 .01, <.005 .005 .01 .01 .05 [¢ Middle Body
B2-c 01 .C1 <.005 .005 .01 <.005 .005 .01 .01 .05 |
B3-a 01 .01 <.005 .005 .01 <.005 .01 .01 .005 2 |
B3-b .01 .005 <.00% | <.005 .005 | <<.005 .005 .005 | <.005 .08 |!
B3—c .01 .01 <.005 .005 .005 .005 .005 .01 .005 .05 |1 Upper Body
B2-d <.005 .01 <.005 .005 | <.005 .005 .005 .01 <.005 .04 |}
.
H — Hotazel D - Devon A ~ Adams 8 - Smartt BR - Black Rock
x — oolow detection limit. < - Less than.
Cd, Zn, A3, W, Sb, Zr were looked for but could not be detected

Accomplished at the Rssearch Laboraztories, ISCOR.
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C. DISCUSSION OF THE NORMATIVE MINERALS

The ore of the Kalahari Manganese-~field in all
probability has resulted from metamorphism of sedimentary
material which consisted of carbonates and oxides. The
'carbonate-rock! (Table 20 - analyses 1 and 2) svidently
represents the more ferruginous and siliceous portions of
this sedimentary material of which the lime and the mag-
nesium content may vary. No clastic material was found
in ths 'carbonate-rock' and the normative quartz is to a
great extent present as opal. Talc, and in places the
iron-rich form, minnssotaite, is characteristic of the
'carbonate-rock' which with the hematite ka8 most probably
formed as a result of later metamorphism of the original
sedimentary material. The high manganese content of the
'carbonate-rock' of Hotazel (Table 20 - analysis 1) is the
result of latsr manganisation (photo 7), and that of the
limestone in the manganese ore of Smartt dine (analysis 3)
is most likely the result of artificial contamination

from the manganese ore in which bands of limestone are

present. The material of analysis 1 probably has more talc

and less magnesite than is shown in the norm (Table 20b).

The normative rhodochrosite (Table 20b) couldq?epresent
some of the original sedimentary material. No albite or
kaolinite was detected in the 'carbonats-rock’.

The low values for sodium and potassiwa shown in
the analyses (Table 20) are notcworthy as they seem to
support the idea of Ljunggren (1955 B, p. 38) that
hydrous ferric oxide has a low adsorbing powsr for
certain ions.

An analysis of the limestone of the Upper Grigua-
town Stage (Table 20 - No. 6) is included for compara-

tive purposes. as fa¥ as its mangohnese eonbtent is eon~
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Boardman (19A4, p.43%8) postulates that the reason
for the attenuation of bodies of manganese ore in
the banded ironstone or the Upper Griguatown Stage of

the Olifantshoek areais the low manganese content of

the limestone in this aresa.
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Chemical composition of 'carbonate-rock' and
associated carbonates.

1 2 3 L 5 6
810, 1h,12  41.25 2.95 19.2 3.29 8.36
A1,04 1.12 0.31 - - - -
Fe,0q 30.02 40.Y%0 1.86 0.57 0.52 0.07
FeO 0.00 1.98 - 0.83 0.11 1,91
P05 0.10 - - - - -
MnO 19.87 0.07 6.82 0.18 L46.4 0.38
Mno,, 0.00 - 7.19 - 1.81 -
MgO0 12.84  10.95 1.16 20.1 6.81  19.42
Cal 2.46 0.81 L43.7 17.3 9.4 27.1
Na,0 0.07 0.12 - - - -
K50 0.00 0.03 - - - -
503 0.00 - - - - -
co, 14.52 2.16  36.,1%  29.62% 32,3% L42.8%
H, 0% oo 4.96 1.79 0.05 0.13 0.1L4 0.01
T1i0, - ~ - - - -
100.08 99.87  99.87 100.78 100.05

1) uanganised 'carbonate-rock! (brick-brown) (as
photo 7), Hotazel iline.

2) 'Carbonate-rock' (brownish-red), Mamatwan Mine.

3) Limestone ('oolites' - photo 8) in manganese ore,
Smartt kiine.

4) Dolomitic limestone (thin band) in 'carbonate-rock!
(as photo 9 b), Mamatwan iine.

5) Rhodochrosite-rock (thin band) in 'carbonate-rock!

(as photo 9 b), Mamatwan Mine.

6) Limestone, Upper Griquatown Stage, Olifantshoek.

X - /4 determined by loss upon ignition.
Analysts: Analyses 2, 3, 4, 5, 6: the Research Laborato-
ries, S.A. Iron and Steel Industrial Corporation.

Analysis 1l: the Soils Research Institute, ©
Prectoria.
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TABLE 20(b)

C.I.P.VW. Norms,

1 2 3 5 b
Juartz - 19.23 2.95 3.29 7.65
Albite 0.52 1.05 - - -
Olivine - - - - 1.58
(probably as
serpentine)
Talc 19.60 29.86 - - -
Minnssotaite - 2.97 - - -
Kaolinite 2.58 0.26 - - -
Hematite 30.02  L0.40 1.86 0.52 0.07
Rutile - - - - -
Apatite 0.34 - - - -
Calcite 4,30 1.450  77.9 16.80 L48.34
Magnesite 13.61 2.96 2.35 14.20 38,72
Rhodochrosite 14,38 - 1.61 45,54 0.55
Siderite - - - 0.11 3.02
Mn203 - - 12.96 3.32 -
MnoO 11.01 0.07 - 16.63 -
P205 - - - - -
K50 - 0.03 - - -
HQO 3.67 1.26 - 0.14 0.01

100.03  99.49  99.63 100.55 99.94%
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VI. THERMAL STUDIES

Detailed descriptions of the thermal properties of
the individual manganese oxides in0,, ln503 and lin30y
are found in the literature, but little 1s said about
the interaction of these oxides 1in mixtures. This
question is however of value in the elucidation of the
mineral paragenesis which resulted from metamorphism of
sedimentary mangansse deposits. Thermal investigations
were therefore carried out on the manganese ore frem the
Kalahari Hanganese-field to assist in the identification
of the various minerals as well as to study the mineral
paragenesis of the manganese oxides. The instruments
used were a differential thermal apparatus, a Reichert
high-temperature microscope and a Leitz heating micro-

scope.

A. DIFFERENTIAL THERMAL ANALYSIS (D.T.A.)

Since manganese nminerals often give diffuse X-ray
diffraction patterns owing to poor crystallinity, with
the result that identification of fins-grained aggre-
gates 1s not always reliable, other methods of attack
had to be resorted to. Differential thermal analysis is
ideally suited for the study of fine-grained substances.

The empirical nature of the method gives riss to
difficulties for example ths peak temperature which is
used for reporting the differential thermal results is
rather variable and depends on many factors, l.e. the
apount of thermally active material, the heating rats,
packing, stc. For this reason the accuracy of the
'characteristic! temperature was investigated. This
method of reporting was first suggested by Murray and

Fischer (Mackenzie, 1957, p. 17), that is the temperaturs
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at which a line at 45° to the base-line of the thermal
curve becomes tangential to the commencement of the
peak, is more accurately determinable and should be less
variable and therefore preferable té?ﬁeak tenperature.
The 'characteristic'! temperature may be suitable for
pure materials, particularly the carbonatss, but for
mixtures of manganese minerals it was found to be less
reliable than ths peak temperature.

The results of the present investigation indicate
that in the case of mixtures the D.T.A. is suitable for
the identification of certain of the manganese minerals
only. This is to a great extent due to difficulties in
the classification, particularly the poorly crystallised
manganese oxides, variation in the composition of the
individual manganese minerals and the fact that some
minerals, which generally give characteristic thermal
curves in the pure form, often do not show up in the
mixtures (also applicable to non-manganeses minerals).

It is therefore not surprising at all that differential
thermal curves reported in the literature for different
specimens of reputecdly the same manganese rLiineral do not
always agres, e.g. cryptomelans. (The thermal data con-
tained in Table 21 are given for comparative purposes).
Kulp and Perfetti (1950) made a thermal study of some
ilanganese mlinerals using the D.T.A. apparatus. Their
results on the trio, pyrolusite, bixbyite and hausmannite,
agree well with the thermal study carried out by
Grasselly and Kliveni on the synthetic substances of thks
similar oxidss. On comparing D.T.A. curves for pyro-
lusite and synthetic MnO2 a difference can be observed
in the initial endothermic peaks of the natural and

the synthetic substances, i.e. the thermal temperatures

for the synthetic substances are lower. This may
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possibly be explained by the fact that the size of the
granules of the artificial compound is more minute than
that of the natural mineral (Foldvari, Vogl and Koblencz,
1956, pe 7).

The following sequence will ellucidate most of the
thermal reactions of the manganese minerals appearing in
the oxide form:-

6 lnO . 3un,04 + 30 __ 2 Mn;0), + O __, spinel
2— —2a33 i 3 ~ (2X0.Mn,03)
(cryptome-) (bixbyite) (hausmannite) (jacobsite)
lane, )
pyrolusite)
or nsutite)

(Jacobsite contains some iron in its structure).

The transformation from hausmannite to spinel (jacobsite)
is not only a function of the temperature, but is also
dependent on the chemical composition as has besen con-
firmed by tests in the laboratory.

The peak temperatures of the thermal curves (Folder
4) for the ore from the Kalahari langanese-field are

tabulated in Table 22.

Discussion of the results of the diffential
thermal analyses

1) WMdost of the cryptomelane from ths ore of the
Kalahari sanganese-fiscld shows endothermic peaks at

670 to 695°C and at 745 to 825°C except in the case of
sample H6 which shows thermal peaks at 580, 615 and
1050°C., The lower peak temperatures cannot be explained.
It 1s however, noteworthy that all the prominent re-
flections of the X-ray diffraction pattern of ecrypto-
melane for sample H6 are present whereas certain re-
flections of cryptomelane for samples Hl, 2, 3 and Y4 are

absent (not basal). This is probably due to the
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TABLS 21

THERMAL DATA (IN DEGREZS CZITIGRADE)

MINERAL 1S TR D T e ZITERENCE
Pyrolusite { 660 to 680 1030 and 1040 Fig. H5 and 6
(MnOQ) E 660 to T05 970 to 1040 Kulp and Perfetti
Cryptomelane | 580 and 615 1050 Fig. 16
(Cen. - Mnog) i 540 and 615 910 Mackenzie (p. 323)
' 670 to 695 745 to 825 Pig. H2 and 3, B3b, B3c
N ? 750 to 850 Rode (CGrasselly and
Klivenyi, 1957, p. 36)
Weutite 596 to 624 1000 to 1018 Zwicker et al. (p.258)
(MnO2) ,
Psilomelane J 750 to 850 1000 Rode (CGrasselly et al.)
(Gen.—MnOZ) i 710 950 (exothermic) Mackenzie (p. 323)
Bixbyite - 1020 ? (weak) Mackenzie "
(anoj)
Hausmannite J - 960 Mackenzie "
(%n 0 ) 1 - - (inert)" Kulp and Perfetti
Braunlte { - -~ (inert) Kulp and Perfetti
(ano% Wnblos)j - 960 (exothermic) Ilackenzie
Jacobsite {610 (exothermic) 820 (exothermic) Heystek and Schmidt
(reOo“n O N
Manganlte { 380 960 Mackenzie
0. (CH 1 380 and 560 960 (exothermic) Hackenzie
Coethite 380 - lackenzie (p. 301)
Calcite / - 870 Fig. 32
{ - 890 to 1010 Mackenzie
Ankerite 1 - 725,820 and 880 TFig. A3
{ - 700,840 and 915 Mackenzie (p. 342)
FOOTNOTE:

The thermal data for some of the minerals are included for comparative

purposes when considering the data given in Table 22.
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Lajor Hinor

"1 - Cryptomelane | Amcrphous manganese Yore potassium than The broad endothermic peak at 240°C is due to dehydration i.e. loss of

and opal any of the other adsorbed water and hydroxyl. This also applies to the endothermic peak
samples from at 310°C for H2, 3 and 4 and 2400C for H.10 (Folder 5).
Hotazel. :

H2 - Cryptomelane | Cryptomelane Cryptomelane is a The endothermic peaks at 919 and 1000°C cannot be explained. The one at 910°C
potassium ~ bear- is too high for the first peak of dolomite. X-ray diffraction failed to de-
ing mineral tect the presence of carbonate minerals.

H3 Cryptomelane 7 Cryptomelane The large peak at 820°C is most likely due to cryptomelane

H4 - Cryptomelane | Cryptomelane and More potassium than The lesser endothermic reaction at 910°C possibly indicates less cryptomelane

braunite Hl, 2 and 3 which agrees with the lower potassium values Braunite is thermally inert.

"5 Pyrolusite Goethite or Cryptemelane, braunite Rich in Mn?o3 and The peak temperatures agree also with nsutite but the asymmetry of the first
manganite ani pyrolusite (goethite) 20 ” endothermic peak indicates the presence of pyrolusite.

25
> —estimated
Ho Cryptomelane 7 Cryptomelane A'mixture, in which cryptomelane is dominant \55«6503 The impurities are
braunite, goethite and nsutite which may explain why the peak at 580 is much
more prominant than the 615 peak. Mackenzie (p° 323) reports the more pro-
minent peak for cryptomelane at 615°C. The peak temperatures are lower than
those for HZ2 and 3.

H7 Hausmannite ianﬁQJWLe or | Hausmannite (bixbyite, The doublet at 1000°C is probably due to oxidised ”Mn304"reverting to Mn304=
soeth acobslte S . . - . . L . .
goethite Jaco l+b’ nsutite, Hausmannite oxidises to Mn,0, upon heating in air in presence of bixbyite.

manganite 273

H8 - Cryptomslane | Wad, cryptomelane and fluch COp and The peak at 190 - dehydration. The endothermic peak at 920°C eannot be
rsilomelane? | hematite lesser Ca and Mg explained.

H9 Fyrolusite ? Cryptomelane, jacobsite, Apparently the concentration of cryptomelane and jacobsite is too low to show

nsutite and pyrolusite. in the DTA.

4.10 Hausmannite 7 Hausmannite, Jacobsite, Much Bal The thermal curve shows traces of MnO2 which may possibly represent the

and nsutite nsutite.

D1 - Cryptomelane | Cryptomelane, hausman- T The endothermic peak at 200 is the result of dehydration. The peak at 950°C

nite and braunite cannot be explained.

D2 Cryptomelane 7 Cryptomelane tlore X than D1 A higher concentration of cryptomelane is apparently the reason for the

prominence of the peak at 795°C This agrees with the chemical data.
Dehydration took place up to 250°C.

D3 Cryptomelane ? Cryptomelane and More K than D1 The shift of the peaks to higher temperatures is similar to that of H3 and

braunite cannot be explained.

Al Calcite + 7 Braunite, cryptomelane, Huch more Ca and Schwod and Kulp, Kent and Kerr (Mackenzie p. 341) postulated that the two

Ankerite

dolomite and calcite

Mg in the ore than
at Hotazel, Devon

tand Black Rock.

initial peaks of ankerite are due to disintegration of the primary rhombohedral
structure forming calclte and calcium or maghesium complexes, with subsequent
decomposition of the remaining calcite.
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22 (Continued)

MINZRALS ACCORDING
‘IO D.T.A. (FOLDER 4)

MINBRALOGICAL COMPOSITION
ACCORDING TO X-RAY AND
CPFTICAL D4aTA

CHEMICAL DATA

(FOLDER 3)

MINERALS
AAMDT T £
SAMPLE Ma jor Minor
A2 - Calcite + Braunite, cryptomelane Fuch la The low peak temperature (81000) for the calcite may be due to the high
(cryptomelane)l and calcite sodium contento.
A3 Calecite + ? bBrgunite, cryptomelane ifuch Ca and lg Fart of the peak at 700 may be due to todorokite. The peak at 170 is due to
Ankerite todorcizite, dclomite loss of adsorbed water.
and calcite
A4 Anizerite ? oryptomelane, hausmannite,|luch Ca and Mg A typical curve for ankerite. X-ray diffraction shows a more prominent re-
| bixbyite,; dolomifte and flection for dolomitic carbonate than for calcite. The calcite, hausmannite
calcite and bixbyite do not show in the DTA owing to their low concentrations.
31 Salcite Ankerite Braunite, goethite, cal- JZuch Ca and Mg X-ray diffraction shows a more predominent peak for calcite than for dolomitic
jcite anu dolomite carbonate.
32 Calcite ? 3raunite and calcite Huch Ca and Mg X-ray diffraction does not show a reflection for deolomitic carbonate
31 Prrclusite ? Bixbyite and v The peak at 1010°C is due to pyrolusite as well as bixbyite.
+ bixbrite pyrolusite
B2 - Cryptomelane (Bixbyite and braunite ? The peak at 980°C cannot be explained.
B3 Fyrolusite Cryptomelare |Braunite, iron oxide, fuch 002 One of the peaks at 1000°C is due to pyrolusite — the other cannot be
pyrolusite (cryptomelane) explained. X-ray diffraction does not indicate carbonate or hausmannite
B3b Cryptomelane ? Iron oxide, braunite ‘luch Fe The peak at 1020°C cannot be explained.
and cryptomelane Hematite is thermally inert.
B3c - Cryptomelane |Iron oxide, braunite Much Na The relatively low second endothermic peak for cryptomelane at 745°C may

(cryptomelane )

be due to the high Na,0 content (Folder 4).

2

The thermal curves for samples from Devon, Adams, Smartt and Black Rock show
a small exothermic peak at 320°C which is most likely instrumental. The
thermal curves for Hotagel do not show this peak. They were taken on a
different apparatus.
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structure being incomplete. The structure was restored to
normal after 'heat-treating' the samples H2, 3 and 4 for

)
half an hour at 600 C.

2) Shifting of peaks - The peak temperature for pure
calcite is 890 to 1010°C (Table 21) whereas in sample A2
it shifted to as low as 810°C (Folder 4). This may
possibly be due to the high Na2O content (Table 18).
Similar observations have been reported by Berg (Mac-
kenzis, 1957, p. 339). He found that as little as

0.01 per cent NaCl lowers the temperature of the onset

of the first peak of dolomite.

3) The masking of the thermal reactions, e.g. sample
H 10 contains more than minor quantities of jacobsite
and nsutite but shows little or no thermal reactions for
these minerals. The masking may possibly be due to the

minerals being dispersed, particularly the jacobsite.

B. Observations on ths
REICHERT HIGH-TEMPERATURE MICROSCOPE

In order to observe the thermal changes that man-
ganese minerals undergo whilst being subjected to heat-
treatment, investigations were extended to an examination
of these minerals under the Keichert high-tempesrature
microscope. As far as 1s known no data have been

manganese
published on high-temperature microscopy of,ore-minerals
in reflected light.

The Reichert Vacutherm micro-vacuum furnace is used
on the Reichert ietallurgical ilicroscope of the inverted
type (photo 121). The equipment consists of a furnace

(photo 122) in which the specimen is placed on a quartz

ring (photo 123) and which in turn rests on the specimen
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carrier. The heating is done by two molybdenum clements
surrounding the specimen. The temperature 1s measured by
a thermocouple inserted into a small hole at the side of
the specimen close to its polished surface. The experi-
ment may be carried out either in a vacuum or in an

inert atmosphere.

As the equipment is designed to accommodate metal
specimens (5 mm in diameter - photo 123) and owing to
the low thermal conductivity of rocks various modifica-
tions had to be made for this investigation. A problem
that had to be overcome was the preparation of the
sample, in particular the small shoulder near the polished
surface and also the hole for the thermocouple (photo 123).
Metal specimens are machined on a lathe to the required
diameter but with rock specimens this is not possible.
After experimenting with supersonic and diamond drills
as well as grinding tools, a rotary drill with abrasive
powder was found most effective for the preparation of
the sample which in the case of rock specimens should
not exceed 2.5 mm 1in diameter.

One of the initial tests was carried out on a
sample of bixbyite containing some massive cryptomelane,
dissemminated hematite and cryptomelane, the latter along
grain boundaries (photo 124). The specks and streaks
along grain boundaries wers too small to be identified
by means of X-ray methods. Upon heating (iin.r argon
at appraximately 5°C per minute), some of the massive
cryptomelane changed to a cryptocrystalline bixbyite
(subsequently identified by X-ray diffraction) between
480 and 780°C (photos 125, 126 and 127). During this
heating experiment it was observed that the cryptomelane
became dull and darker in colour. The reflectivity

diminished as the polished surface became dull owing to
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the loss of such constituents as oxygen and potassium.
Grasselly and Klivenyi (1956, p. 16, 17) reported that
MnO2 loses an appreciable quantity of oxygen at 460°C,
Some of the potassium was probably also lost at this
temperature. The dissemminated white specks remained
unchanged at high temperatures and are therefore evi-
dently hematite. The white streaks along the grain
boundaries of the bixbyite changed at 460°C to a darker
colour and is therefore regarded as cryptomelane. At
1150°C the polished surface of the specimen became covered
with a liquid of molten material appearing from the rear,
nearer the elements (photos 123, 129). During cooling,
which took approximately fifteen minutes, hausmannite
crystallised from the molten material on to the polished
surface of the specimen (photo 130). The flow of argon
was continued until the sample had reached room tempera-
ture which took approximately 15 minutes. Subseaquently
the sample was again polished and this time at right
angles to the previous polished surface, after which it was
examined at room temperature in order to have a complete
picture of the thermal changes that had taken place, as
well as the relative positions of the minerals with re-
spect to the heating elements and the polished surface
that was under observation initially. It was observed
that the transition from cryptomelane to bixbyite is in-
complete (photo 121) and that the transition to hausman-
nite had taken place only in the hot zone where the sample
had melted (photo 132).

Although a phase change was noticed (cryptomelane
becoming transformed to bixbyite), this experiment was
actually disappointing. The phase change from ano8 to
Mn.0, was not observed although the thermocouple registered

274
1150°C. The reason for this is the thermal gradient in the
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specimen which results from the low thermal conductivity
of the ore. Thus the rear portion of the specimen which
was in the hot zone of the elements melted (1567°C is the
melting point of the pure material), whilst the thermo-
couple which is placed more or less at the edge of the
heating zone, registered only 1150°C and the thermal gra-
dient between the hot zone and the polished surface would
be even greater as it is still farther away from the
elements. The following alterations were then made to
reduce thermal gradients in the specimen:-

i) The outer diameter of the sample was re-

duced to 3 mm and that of the polished
surface to 2.5 mm.

ii) The thermocouple was placed nearer the
polished surface. To prevent the thermo-
couple from making contact with the sample
holder a slot was cut as shown in photo 123.5.

iii) The sample was built into a small furnace of
its own and the »nolished surface was raised
to be nearer the heating elements (photo 123%3).

Various materials were tested for this small furnace:

A quartz tube -~ For this experiment the sample was ce-
mented inside a quartz tube using alundum cement.
Greater stability of the sample was attained as the
sample was placed in direct contact with the elements.
However, this method was not satisfactory as the quartz

reacted with the manganese oxides at high temperatures.

An alundum tube -~ The most satisfactory material for a
furnace proved to be alundum. The same assembly was used
as with the quartz. No reaction was observed between the
samble and the alundum. Temperatures of 1150°C were re-
gistered without melting the rear portion of the sample

and upon renolishing one of the samples it was obtserved

that the phase change:
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3liny03 (approx. 877°C) ___y 2lin30y + 0O
had besn affected at the polished surface (photo 133),
although this was not observed in ths high-temperature
microscope during the heating experiment. The polished
surface had gredually become dull from 9OOOC onwards
whereafter it was unsuitable or observations in reg-

flected light.

Experiments on manganese minerals carried out in
a vacuum gave slightly better results although not yet
satisfactory. It is a recognised fact that crystal size
is dependent on temperature and not on time (Keyser, 1961,
pe. 196). TUnless the surface under observation can be
kept clear during the heating experiment it appears as
if phase changss at only relatively low-temperature may
be observed in manganese minerals. The high-temperatures
microscope may however, prove to be a valuable tool for
the identification of minute inclusions. Experiments in
an inert atmosphere (argon) and in a vacuum were also
carried out on iron ores. The surfaces under obser-
vation remained relatively unaffected g& tenperatures

between 1100 and 1200°C.

Discussion of results

In view of the fact that apparently only relative-
ly low-temperaturs transformations may be observed on
manganese minerals by means of the high-temperaturs
microscope and as the observations discussed here wers
made at room temperature after the samples had been re-
polished after the heating test, no absolute tempsra-
tures can be given. The rate of heating was approxinate-
ly 5OC per ninute and the cooling of the sample took

approximately 15 minutes, relatively fast down to 200°C
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and thereafter fairly slowly.
No systematic thermal investigation was carried
out on the manganese mincrals; only a few observations

wers made which will now be discussed.

1) The transformation-

Bixbyite (Mn203)_i_8770 , Hausmannite (Tetragonal Mn30h)

The initial stage of this transformation is illus-
trated in photo 134%. Although a few small crystals of
hausmannite are found along grain boundaries, the main
mass consists of bixbyitc and a partly altered bixbyits.
Except hat according to the X-ray data a reflsction is
rresent at 3.67°A and that differences were observed in
the intensities of some of the reflections compared with
standard bixbyite, it is evident that the partly altered
bixbyite is ncarer to bixbyite than to hausmannite (Table
23).

In areas of highaer teumperaturses the transformation
is more complete. Well-twinned, granular hausiannite
formed where a melting temperature had been attained.

It is noteworthy that the hausmannite which has crystal-
lised from a melt is sometimes riddled with porss

(photo 132). The pores could have formed during the re-
duction of bixbyite to hausmannite, possibly owing to
the speed of the reduction. Brill-Edwards and co-
authors (1965, p. 368) found that magnetite formed by
fast reduction of hematite at 1000°C contained pores.
According to Edwards these pores are believed to de-
velop from vacancies generated in the structure as a
result of differences in ionic diffusion or during the

atomic rearrangement.
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TABLE 23.

X-ray powder data of various manganese oxides.

P B SMANNITE
I d I d I d
ASTH 8-10 ASTM 1-1127

10 4.68 20 4,92

10 4.21 10 4.15

60 3.83 10 3.87

20 3.67

10 3.35 20 3.35

30 2.99 31 3.08
8 2.87

100 2.72 100 2.71 63 2.75

20 2.51 10 2.52 100 2.48

4o 2.35 40 2.35 13 2.36

20 2.21 10 2.22

10 2.11 10 2.08

40 2.01 10 2.00 15 2.03

10 1.924 10 1.91

40 1.873 10 1.65

25 1.719 10 1.81 18 1.79

90 1.657 50 1.67 5 1.70

20 1.617 5 1,64

20 1.567 50 1.57

30 1.530 50 1.54%

20 1.483 3 1.47

30 1,454 10 1.45 18 lohh

80 1.421 40 1.42

40 1.388 10 1.39 b 1.38

30 1.359 10 1.36

10 1.330 8 1.3%

20 1.307 3 1.30

30 1.282 . 13 1.28

20 1.258 4B 1.24

20 1.196 5B 1.19

40 1.177 10 1.18

40 1.157

30 1.141

30 1.125 L 1.12

70 1.079 20 1.081
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2) The transformation:

Hausmannite (tetragonal iin,0y )__ _ t 116000___ Jacobsite
3 h. ’4 . )
(cubic Mn30u)

Certain samples sxamined under the heating micro-
scope were subsequently examined at room temperature and
the hausmannite and the jacobsite weee observed to bs
closely associated with hematite. Jacobsite occurs mainly
in between hausmannite and hematite (photo 135). According
to the phase diagram (iron oxide - manganese oxide in air)
of Muan and Somiya (1962, Fig. 2, p. 232) this assemblage
of minerals (photo 1395) indicates that the temperature must
have been above 1000°C as only components stable above
this temperature are present. The other equilibrium
phases at 1000°C shown on the diagram of Muan and Somiya
such as spinel ____ Mn203 could not be observed as the
rate of reaction was possibly too slow.

Vredenburgite which is composed of Jjacobsite
(principal constituent) with minute lamellae of haus-

mannite, was observed in one sample only.

Hausmannite

Upon heating, the regular twin lamellae of haus-
mannite (photo 136a) are replaced by intermittent
twinned units that make angles of 60 and 120° with each
other (photo 136 b); anomalous cases have, however,
been observed. Noteworthy is the complete absence of
clearly demarcated boundaries between individual units.
Certain of the units show strong internal reflections
along some of the twin-lamellae (photo 137). This can-

not be explained.
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C. Observations on the
IEITZ HEATING MICROSCOPE (model IIa)

ranroman R

The microscope consists of an electric furnace with
a variable heating-rate and a ground glass-screen on

to which the magnificd image of the sample is projected

0]

for observation during the heating experiment. The sample
is preparcd by passing 1t through a 200-nesh sieve after
which it is packed into a square 3 x 3 mm in size. By
evaluating the volume changcs of thc specimen a melting
curve in relation to temperature is easily plotted. The
temperature at which softening commences, the 'hemisnhere
point' which i1s the officially accepted melting point, and
the flow temperaturce were determined in air for 5 mangancse
mincrals (photo 123). The results are tabulated in

Table 24.

TABLE 24.

S mesa . aas

o}
e}

Softening temperature, nelting point and flow tempera-

ture of 5 manganese minerals (determined in air).

o “Softening T low Recognised Mclt-

Mineral Tempera- Melting Tempera- ing point for

ture noint ture pure Minerals.
Cryptomelane 1560°C 1562°C 1564°C
Pyrolusite 1574°¢ 1576°¢ 1530°¢
Todorokite 1560°¢C 15c4°¢C 1566°¢ 4.567°C
Hausmannite  1574°C 1576°¢C 1530°¢C !
* Il N Ial (0]

Braunite 1476°¢C 1500°¢C 1501°¢

The sanples of cryptomelane and todorokite were
fairly pure and the melting temperatures as tabulatcd
above correspond well with the generally accepted melting

. . 0
point of mangancse oxidcs (1587°C). Th

D]

low melting point
of braunite may hc duc to impuritics that are present. fThe

impurities may be hematite or 81i,0. According to Muan

? ‘

(1959, p. 309) the liouidus teaperature of mangancsc

1)}

(o=
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oxide decreases sharply as S102 is added and with the
SiO2 content increasing above 34 weight per cent the
liquidus temperatures start to rise.

Why the pyrolusite and the hausmannite melted
at hirher temperatures than 1567°C is not fully un~
derstood. However, the hausmannite-rich sample
contains more Mn0O than the other sampvles from

Hotazel (H7 - Table 13).
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VII. THE ORIGIN OF THE ORE

A, Previow theories on ore-genesis

.

According to John de Villiers (1960, p. 157)
the gradation from manganese ore into banded iron-
stone along strike, frequently at an angle to the
bedding, is proof that the ore is not syngenetic in
origin, but was formed by metasomatic replacement
of the banded ironstone.

Boardman (1961, p. 214) contends that the ore
from Black Rock could have received much manganiferous
material from the dissolution of manganese-bearing
dolomite over wide areas to the south and the east.
This, according to Boardman, would have reguired local
interformational erosion if an early period of weathering
~f the dolomite coincided with the sedimentation of the
Upper Griguatown Stage in the Black Rock area i.e. if the
manganese ore is considered syngenetic. He reckons that
it is more likely that most of the additional manganese
for secondary enrichment could have seeved into the
exposed handed ironstone of the Upper Griquatown Stage
during the erosion which followed the post-Matsap orogenic
period. He also points out that the precise length of
strike of highly manganiferous formations is not yet
known owing mainly to imcomplete exploration to the
north of the Kuruman River and that at the southern
end the ore helt appears to be terminated suddenly
immediately to the south of the Adams Mine by powerful
faulting.

According to Boardman it would appear that in
this particular area the banded ironstone was inter-
bedded with highly manganiferous, well-laminated,

calcareous beds which hecame enriched to varying
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grades of manganese ore in the vpresent zone of
weathering. The wajor part of the enrichment was
due to solution and removal of calcium from the ori-

ginal rock. Local migration and precipitation of
manganese, no doubt, assisted the enrichment, and
adsorption of extraneous manganese also probably con-
tributed to an unknown extent. The absence of any
notable concentration of manganese ore in the exten-
sive outcrop of the Upper Gricuatown Stage along the
eastern flank of the Langberg in the vicinity of
Olifantshoek is explained by Boardman on the basis
that the Upper Griguatown Stage in this area lacked
the peculiar highly manganiferous limestone facies

which seems to have been necessary for the concen-

tration of mancanese ore in the Black Rock area.

B. Conclusions drawn from the present investigation

e - S T T N e )

1) Lvidence in favour of a metasomatic origin

In this instance the ore-bodies would be sub-
seaquent or hypogene deposits formed by the percolation
of colutions containing manganese. The ore-~bodies would
nrobably be characterised by irregularities iIn occurrence
and in shape.

At Rlack Rock the upper ore-body in places trans-
gresses across the laminations of the banded ironstones;
the transgression is gradual. However, this localised
transgression is not representative of the ore-bodies of
the Kalahari Manganese-field and it 1s noteworthy that
there is a complete absence of veinlets of manganese
ore protruding into the banded ironstone. TFurthermore,
no evidence was found to indicate that the manganese
deposits were formed by replacement resulting from

injections of magmatic emanations from deep-seated
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igneous intrusions.

2) Evidence in favour of a sedimentary origin

In this case the ore-bodies would represent sedi-
ments and would have been Tormed under conditions
similar to those under which the sedimentary rocks
accompanying them formed, with the exception that they
might have been subjected to later metasomatism. They
would therefore be true syngenetic deposits,.

That the manganese ére formed simultaneously
with the enclosing handed ironstone, which is generally
accepted to have formed by chemical precipitation,
is supported by the following evidence:-

a) The interbedded nature of the ore-bodies

with the banded ironstone.

b) The persistence of the ore-bodics along
strike for a distance of more than 20 miles
and down dip for at least 1,000 feet, for
example the lower ore-body at Black Rock,

¢) The distinctly lavered nature of the ore
conforms in dip and strike with the
enclosing rocks.

d) The folding of the ore-body is in con-
formity with that of the bhanded ironstone.

That the manganese ore formed by sedimentary
processes 1s supported by the following evidences; -

a) The lower manganese ore-body, which is by
far the thickest and the most persistent,
thickens eastwards from Black Pock to
Hotazel and in particular in the direction
of Adams and Mamatwan. This suggests
that the source of the material forming
the ore-body was introduced from
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the east and the southeast.
b) The increase of calcium in the ore from

5

5lack Rock to Smartt, Adams and Mamatwan
(Folder 2) is in conformity with the
postulated direction from which the
source-material could have come, that

i1s the dolomite situated to the east

and the southeast.

On the whole, the evidence is in favour of a
sedimentary origin for the ore of the Kalahari Manga-

nese-field.

C. Possible sources of material for the
Seﬂlﬂcnts of the Upper Grlquatown Stage

i - e s

Ag far as tonnages of manganese ore are con-
cerned, Boardman (19€4, ». 42€) estimated 5C million

tons for the Postmasburg

L]

rea, taling ore down to
30, per cent Mn. In the Kalahari langancse-field
Boardman's estimate is much larger, i.c. 1,000
million tons (p. 4392).

The Tollowing forwmations could have contributed

material to the hasin of depositions:

1) The dolomite of the Transvaal Svsten

In the Postmasburg area Nel (1929, p. 39)
regarded the underlying dolomitic formation as a
possible source of the manganese and quotes analyses
of Campbell Rand Limestone in which the content of
mangancse varies rom 0.32 to 2.12 per cent. The
dolomite is therefore a likely source of manganese.

However, in the Kalahari Manganese-Tield the dolomite

lies 5,000 feet stratigraphically below the mangsnese-

4.

bearing banded ironstone, a relationship which 1s in
strong contrast with the close association of the ore

and the dolomite in the Postmasburg area. Hevertheless,
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erosion of dolomite to the east could have yielded
solutions charged with calcium, magnesium and man-

4

ganese., On the basis of analyses of the doclomite

(@]
fe
]

and the composgition and the specific graviiy of both
the dolomite and the manganese ore MNel (1929, n. 39)
calculated that 1 cubic foot of ore (50 per cent
metallic manganese) would require 52,8 cublc feet

of dolomite. Therefore, an enormous volume of do-
lomite must have becen decomposed and eroded away to

provide the known manganese ore of the Kalaghari

Manganese~ficld.

2) The rocks of the Iower Griguatown Stage

. w o e

=L

2) The banded ironstone and jas

The banded ironstone and jasper contain much
iron but only a little manganese, and these rocks
could therefore have been a major source only of iron

for the sediments of the Upper Griquatown Stage.

L) The tillite

Glacial debris containing [{resh minerals and
oxygen-rich meteoric water is another possible source
of manganese and iron in considerable quantity.

Hewett (cquoted by Krauskopf, 1957, p. 7€) pointed

out that it is perhaps not accidental that bog-ore

of manganese is concentrated in areas underlain by the
latest Pleistocene till,

It has been found by Borchert (1260, p. 262
Krauskopf (1957) and Schweigart (1965, p, 221) that
iron in the trivalent state 1s practically insoluble
in the presence of oxygen and that solutions in con-

tinental regions would therefore not transport signi-~

ficant guantities of dissolved iron. Hence 1t is
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nighly unlikely that the rocks of the Lower Gricua-
town Stage contributed rmuch ferruginous material in
solution to the scdimentation of the Upper Griguatown

Stage.

3) The_Ongeluk lava

The Ongeluk lava is a likcly source of mangancse

and iron for thc Kalghari Mangancse-ficld because

w2

nortly after its formation, the Ongeluk lava con-
tained an abundancec of fresh fcrromagnesian minerals
readily accessihble to circulating water. Thc lava
has a considerablc total thickness., MNel (1929,

p. 27) considers it to be 2,800 fect thick and

Iessels (in press) cstimates its thickness at 7,000

feet, The lava was erupted subaqueously and repeated
lava flows could have contributed progressively towards

the enrichment of the water in mangancse, iron, cal-
cium, magnesium and silica, malnly by solutions and

gases and by cxtraction processecs.

6]

Manganese in surface water seldom has a
concentration grcater than 5 p.p.m. of water
(Krauskopf, 1957, p. 65). The mangancse content of
the Ongcluk lava (Table 24) is many timcs in excess

of tuis figure.

TABLE 24,

L ——i 3 e

Manganese and iron content of bore-corcs of Ongecluk lava
from the farm Bonetsfontein near Postmasburg

0,17 9.0
0.09 10.0
0.09 10.2
0.03 4,3
0.15 2.6

(Depth 1,200 to 1,45C feet)
Analyses at the Rcscarch Laboratorics, ISCCOR.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

P

=

’;' UNIVERSITEIT VAN PRETORIA
4

157,

The bhalance of the evidence scems to favour a
sedinentary origin for the rocks of the Kalshari
Manganese-field. Thus far evidcnce has becn presentcd
suggesting that the Campbell Rand Dolomitc and the
Ongeluk lava cowvld at some stage have contributed
matcrial for the deposition of the sediments con-
stituting the rocks of the Upper Griguatown Stage.
It would appear that the manganese could have comc
from both the dolomite and the lava and the iron
mainly from the lave.

Trace~-quantitics of e¢lements such as Cu, Pb,
Cr, Ti, V, Ni, Co and B which wecre detccted in the
banded ironstone are considcred by Schweigcart and
others (Schweigart, 1965, p. 295) as diagnostic of
sediments derived from volcanic exhalations.

It is of intcrest to note that no clastic
material was found in either thce ore-hodics or the
banded ironstone which may indicate that the
naterial in solution extracted from the dolomite
was transported over an arca of low relief in which
case the clastic material in the rivers would have

separated from the material in solution.

D. The transportation of iron and manganese

e AR . fm - -

The chenical similarity between mangancse and
iron is shown by thcir closc association in rocks.
In igncous rocks the ratio Mn/Fe varies between
1/100 and 1/10 (Krauskopf, 1957, p. S1). The che-~
nistry of iron and mangancse during sedimentation is well
explained by many authors, but why the two clements bhc-
come scparatcd under conditions of sedimentation is still
somewhat of an enigma. Manganesc in solution may

be deposited as carbonate or silicate
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under reducing conditions, or as an oxide under
oxidising conditions, but why iron is not always de-
posited at the same time is not clecar. Many sug-

1

gestions have in the past been put forth, for examplc:-

a) [Ihe_absence of either iron or mangancse in
the source-material, This argument may
be rejected on the grounds that mangancse
and iron are often found together in rocks.

b) Selective rcmoval of say, only iron (iron

is far more common in rocks than manganese),
This 1s contradicted by the fact that com-
pounds of manganese ars uniformly more
soluble tihian the corresvonding compounds

of iron (Lindgren, RNankams and Sahama and
Goldsehmidt - as asuoted by Krauskopf,

1957, p. 69).

¢) Bacteria furnish a rcasonable explanation
for the curious fact obhserved by ILjunggren
(Krauskopf, 1957, p. 71), that in some
lakes in Sweden iron-rich deposits in one

* part and manganese-rich deposits in another
are anparently produced simultancously from
the same inflowing water. However, the
assumpticn that the particular kind of
bacteria that precipitate mangancse as
present in all the eavironments where
manganese deposits are found and that they
were present in excess of bacteria that
precipitate iron and sometimes even to the
exclusion of 1lron-bacteria, ic not to be
rejccted but is more likely applicable to
smaller localised deposits such as bog-ore
deposits and not to large deposits
(Krauskopf, 1257).

d) Meteoric wabers. containing carbonic acid may

redissolve the iron and the mangancse from

consolidated material, particularly during
supergene enrichment. This may lead to

enrichment cither in manganese or in iron
as 1s the case at Smartt Mine vhere the
ore~body 1s progressively enriched in
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manganese as the suﬁjoutcrop is approached,
whereas prolonged leaching in certain arees
resulted in detrimental ferruginisation of
the menganese ore in other areas (Loardman,

19064, p. 424).

e) Catalytic action of MnO, already precipi-

tated could accelerate the oxidation of
manganese.

) Phyvsico-chemical conditions during precipi-

L . - e S — - A o T e e A

tation. Ferric oxide and hydroxide have

a

Q

I

oreater insolubllity than the manganese

equivalents and the most important rcecason
for vertical and lateral variation in dis-
tribution of the iron ore, the manganese
ore and the banded ironstone, are changes
in seca currents, each with its own charac-
teristic physico-checmical conditions.

It is contended that the rocks of the Upper
Griguatown 3tage represent chemical precipitates and
that various processes could have contributed towards
the separation of the iron and the mangancse, e.g.
physico~chemical conditions of precinitation and to
a lesser extent bacteria and also the catalytic action
of MnO2 . The hypothesis of separation of manganese
from iron oxide by precipitation (prior) is particu-
larly suited to explain manganese deposits associated
with submaring lava flows. This secparation would
be most effective where manganese 1is supplied by the
weathering of volcanic material and by cxhalative
processes to meteoric water in amounts slightly greater
than normal., Exccessive amounts of mangancse are
probably not essential if the nccossary physico-
chemical condition is maintained for a prolonged

period.
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E, The cnvironment and the mode of deposition
of the Upper Grlquafown Stage

e T WA R L A W e ra ks s, T A A Y AL

The sediments of the Upper Griguatown Stage
of the Kalahari Mangancse-field were protably de-
posited in a merine hasin partly or wholly scparated
from the open sea and it 1s possible that some
blending of the facies took place in the basin.
Depending on the prevailing pH manganese carbonate
or calcium carbonate can be devosited in colloidal
form (Dcer, Howle and Zussman, 1968, vol. 5, p. 268).
In the Hotazel area slump-structures, due
to contemporaneous slumping, for
instance the presence of contorted bands of magnetite
(photo 41) and patches of ferruginous material in the
ore-body (photo 2), suggest the prevalcnce of unstable
conditions in the arcas of carbonate deposition.

These slump-structures were not ohserved anywhere

outside the Hotazel Mine.

1) The handed ironstonc

Cullen (1962, p. 287) considers that the banded
ironstone formations of Precanbrian age may be of a
sedimentary origin. Woolnough, Salamoto, Alexandrov
and Hough (quoted by Cullen, 19€3) all agrce that the
ironstones represent the products of advanced chemical
weathering under warm, huanid conditions and that they
were deposited in large losed basins.

ccording to Cilliers (1941, p. 79) the material
from which the banded ironstonc of the Lower Grigua-
town Stage was formed, must have been transvorted
over an area of low relicf so that the load of clastic

he rivers could bec scparated from the

o

material in
materizl in solution. He came to the conclusion

that the banded ironstone was formed from material
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precipitated chemically in a restricted and shollow
basin of deposition and that the banding resultesd
from slight variations in chemical conditions.
Cullen attributes the banding to differecntial influx
of material controllied by recurrent isostatic read-
justments and not to seasonal climatic fluctuations
in the manner described by Alexandrov and Hough

(quoted by Cullen, p. 22€).

2) The manganese.

el s

Q[re
Drilling at Smartt Mine revealcd that the
grade of the ore deteriorates as the ore-hody is
followed down-dip undcr cover of the banded ironstone
(Boardman, 19€1, p. 215), It then bccomes a laminated
rock with a high Jlime content and is composed mainly
of compacted laminae of mangancse oxides comented with
streaks of calcite and elongated oolites along the
bedding planes.
The Tollowing evidence was found in the
Kalahari Manganese-Tield to support RBoardman's
theory that the original material of the ore-hody
was calcareous: -
a) The vresence of calcareous material in
the oolites and the lenticular inclusions
in the ore (phctos 3, ©, 54, 29, 102, 107).

b) The high carhonate content of the ore from
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the manganese ore-body originated from manganiferous
o & &
limestone intercalated in the banded ironstone.

4

It is not clear what the original composition of the

1

limestone was but it probahly consisted of a high
rroportion of rhodociirosite, calcite, dolomite and

in placcs sidcrite. Boardman (1964, v. 427) con-
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siders that the mangonesc content of this limestone

could have been in the region of 20 per cent or more.
It is not certain whether the wad oresent in somc of
the mines (Devon, Langdon and Hotazel) represent some
of the original material that was deposited as oxidcs.
Should this bc the casc then 1t may be concluded that
precipitation took place along the zone bordering the
carbonate-oxide fiecld of physico-chemical conditions

e.g. South Klingan and Ccntral Kazakhstan; U.S.5.R.

(Roy, 1965, p. 1255),

F. The mode of formation of the ore-mincrals
and their distribution

A M AL 8 i s WA M IR e R WY L E TR D 1A L R A SAIAT 8 L LENA L e - | W b A L gt

1) The possible temperature of formation
of some_of the ninerals

P e

a) The aincrals of the ore

Much has been published on the origin of
certain mangancse oxides and on whether the manganese
ore 1s supergene or hypogene in origin. Hcwett and
Fleischer (1960, p. 1 -~ 55) carried out an extensive
investigation on the mangancse minerals and arrived at
the following conclusions: -
i) Some mangancse oxide minerals appear only

in deposits of supergene origin, e.g.
lithiophorite, chalcophanite and wad.

ii1) Others are present only in deposits of
hypogene origin, e.g. hausmannite (?),
bixbyite and jacobhsite.

~~

Lastly, some are present both in deposits
of supcrgene origin and in deposits of
hypogene origin, c.g. pyrolusite, manganite,
cryptomelane, psilomelane, hollandite and

braunite.
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Hewett and Fleischer (p. 51) consider other
mangonese minerals also but they are not included in
the above list as they were not found to be present
in the Kalashari Manganesc-field,

J.2. de Villiers (1946, p. 40 - 41) considers
bixbyite, hausmannite and jacobsite as minerals that
form at hign temperatures.

The formation and the transformation of the
different mangnonese oxides are explained in chapter
VI on the thnermal studies. Extensive data are con-
tained in the literaturc on phasc~equilibrium studies
o7 systems involving manganese, iron and silica which
indicate the transformation of mangancse dioxide
minerals at highsy temperatures to lower oxldes,
for exammle pyrolucsite, cryptomelane or nsutite are
transformed to bixbyite at 600°C (photo 71) and bix-

. . . 0
byite 1is transformed to hausmannite at 877 C

Hahn and iuan, 19€0), Pyrolusite and cryptomelane
together with silica may be transformed to braunite
at elevated temperature. The formation of braunite

and bixbyite from each other has been rcported in the
literature but could not with certainty be verified in
the ore from the Kalshari Mangancse-Tield, Roy and
Mukherjece (Mitra, 1945, p. 212) rerorted abundant
braunite as the only lower oxide in the chlorite

zone of vnrogressive regional metamorphisu. Eraunite
may also be stable at highcr grades of metamorphism as
1ts stability range is very wide, It 1is »resent
togcther with andraditc at Black Rock (photo 45, 48,
43, 49). The absence of Jacobsite at Black Rock

mey be dué:is to the lack of suitable material, i.e.
braunite was prese initially and jacobsite does not

nt
readily form from braunite, Under rcducing condi-
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tions braunite is formed in a sedimentary environment at
low temperatures (Betekhtine - Mitra, 1965, p. 212).
Bixbyite was not found together with andradite in ore
from the Kalahari Mansanese-~field.

The temperatures at which the pyrolusite, cryptome-
Jane and nsutite transform to bixbyite (600°C) and bixbyite
to hausmannite (877°C) are beyond the limit of natural
metamorphic processes. Nevertheless, the trend of the
different transformations is variable according to the
partial pressure of oxygen during the metamorphic processes.

Not a single example could be found in the literature
where doubt has been cast on the origin, at high temperature,
of the manganese oxlde minerals bixbyite, hausmannite and
jacobsite., Also, the mineral andradite which is present in
the Kalahari ore~bodies 1s generally regarded as a high-
temperature metamorphic mineral.

It is concluded that the formation and transformation
of some of the different manganese oxides and minerals of
the ore of the Kalahari Manganese-field had taken place
under metamorphic conditions of changing temperature and
it is considered that the temperature probably did not

exceed 500°C at any time.

b) The minerals of the banded ironstone

In a noteworthy paper on the genesis of marine sedi-
mentary iron ores Bdéhert (1960, pp. 261 - 277) quotes
work of Krumbein and Garrels, and of Huber, and exphasizes
the existence of a 002 - zone at moderate depths in the
ocean., In this zone abundant iron is dissolved and in re-
sponse to the normal ocean currents moves towards the
oxygen-rich shallow sea. Here the iron is deposited as
limonite ooliths. However, Béﬁhert maintains that a con-
siderable proportion of the dissolved iron is precipitated
in the CO, - zone itself to form sideritic clay.

2
According to John de Villiers (1960, p. 132) the
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ferruginous bands of the banded ironstone of the Upper Gri-
quatown Stage are composed almost entirely of fine-grained,
compact, crystalline hematite with a subordinate quantity of
tiny crystals of magnetite. According to Visser (1953, p. 14)
the ferruginous bands of the banded ironstone of the Lower
Griquatown Stage are composed mainly of hematite, limonite
and small: crystals of magnetite. Frequently the rock is
strongly magnetic., Cilliers (19261, p. 19) reported siderite
in fresh samples of banded ironstone from the Lower Grigquatown
Stage. The present author found much siderite in samples of
the upper portion of the Lewer Griguatown Stage, 2%€m.a devth
of approximately 400 feet.

The ferruginous bands of the banded ironstone ~f the
Upper Griouatown Stage are composed of closely packed, fine
grains of idiomorphic hematite. There appears t be no rcason
to a ssume that the hematite is pseudomorphous after magnetite.
In fact, no magnetite was found in the banded ironstene, not
even in samples from a depth of 450 feet. TFurthermore, the
banded ironstone is virtually non-magnetic.

It is contended that the hematite of the Upper Gri-
quatown Stage 1s a product of a sedimentary process in which
predominantly iron hydroxide was precipitated along the zone
bordering the oxide-carbonate field of marine deposition
i.e. in an oxidising environment. The banded ironstone of
the Lower Griouatown Stage on the other hand formed most
likely along thc zone bordering the carbonate-oxide field

i.e. more reducing in character.
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2) The_paragenetic secauence

A close study of the mutual rclationship of the
manganese minerals of the Kalahari Manganese-fleld
reveals that some occur in two generations, e.g. braunite,
also brauvnite~II, occurs as cncrustations on andradite
which in turn encrusts ordinary braunite (sample B 1).

Time-relations among the minerals arc clearly
indicated in most of the samples by veins of one mineral
intersecting others and by pseudomorphs, although in the
case of the pseudomorphs the secuence is not so easil
established. From the nmineralogical investigation
a broad sequence is recognised:-

a) Qriginal scdinentary materi:

PR g ot

It would appear that the orefrom the Kalahari Man-
ganese-field represents original sedimentary rocks which
consist of oolitiec carbonate in a matrix of gelatinous
manganese and iron hydroxide, manganese and iron carbo-
nate and in places hydrous silicates of magnesium and iron.

b) Minerals formed by lithification

During diagcnesis the gels were evidently dehydrated
and owing to ultimate lithification, wad (vhotos 13, 19),
rhodochrosite (photo @) and calcite (photo 8) were Tormed.
Of these minerals only rhodochrosite and calcite and
possibly wad are still present in the ore and the wall-
rock.

¢) Metamorphic minerals

i) An carly stage - The minerals braunite,
magnetite (photo 41), cryptomelene, pyrolusite,
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goethite, talc and minnesotaite were formed
as a result of low-grade metamorphism,

most likely from the wad (photo 18, 19)

and from leached material.

ii) 4 MsingStagenlii: - During the main metamor-
phic period hausmannite, jacobsite, hema-
tite, andradite, tremolite, talc, bixbyite,
braunite and manganite were formed. These

minerals are to some extent metasomatic in
origin. They are listed in a sequence
suggested by the mineralogical evidence

d) Supergene minerals

Cryptomelane, nsutite, todorokite, pyrolusite, he-
matite, lithiophorite and goethite possibly originated
under supergene conditions as replacement-minerals and

as cavity fillings.

e¢) Hydrothermal mincrals

Acmite secms to have made its appearance in the
banded ironstone owing to hydrothermal actions, most

likely at some time after the main period of ore forma-

tion.

The above paragenetic sequence applies more or less
the ore of
to,the Kalahari Manganese-field as a whole. Local de-

partures are numerous and the full sequence cannot be
established for any one mine, for example, andradite was
found at Black Rock and at Hotazel and manganite at
Hotazel and at Adams only. Moreover, no todorokite is

known at Black Rock.

3) The distribution of the minerals

The Eastern Belt - The ore from Hotazel is complex (photo

29) and the full sequence of minerals, excluding the pri-
mary carbonates, can be traced. Braunite-rich ore (photo
22) is present although generally much altered. It is

noteworthy that only at Hotazel are presumed slump-structures
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present in the ore (photo 41).

ral Belt - The ore from this area is meinly
a brannite-rich orec and it i1s only in this arca where
the~primary carbonates were observed (photos 102,
106, 107), Hausmannite is represented mainly by

(

carly oxide - photo 21).

The. Western Belt - The ore from this helt is mainly
a braunite~rich ore. There is very 1ittle wad in
the ore from Black Rock. Isolated crystals of
hausmannite are present but no jacobhsite or todoro-
kite, No marked differcnce could bc observed be-
tween ore taken near the surface and underground
along the incline at 450 and 200 feet (450 feet
vertical depth). This fact as well as the abhsence
of todorokite even in the late oxides tend to indi-~
cate that the ore from Elack Rock was not greatly

altercd by late supergene solutions.

G. The metamorphism of the Upper Griquatown Stage

B R AT e AL . A L At e A AR Ak D MWL D SR Vi Mn AMTm L A e tie

The evidence presentced thus far is in accordance
with a sedimentary origin of the rocks of the Upper
Griquatowm Stage. In the Kalahari Mangancse -field
there is no obvious crustal deformation and no
structural featurcs were found that could be asso-
ciated with rcgional metemorphism. The evidence
indicates that the manganiferous scdiments together
with the enclosing rocits most probably have sub-
sccuently been subjected to varying degrees of
thermal metamornhism in different parts of the
Kalahari Mangonese-ficld, as indicated by the pre-
scnce of various mctamorphic mincrals, e.g. andra-
dite at lotazel (photo 99) and a’t Black Rock (photos

15,46, 43, 49), tremolite ot HFotazcl (photos 52, 53)
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and talc at Mamatwan (photo 54) and at Adams. The
high-~temperature manganese oxide minerals like haus-
mannite (photo 99) and jacobsite (photo 47)

as

sgociated with the metamorphic silicate minerals.

No high-temperature mangaonese silicate minerals like

l

rhodonite or terhroite a2rc “nown to have bheen Tormed

either in the ore or in the enclosing rocks.

Ferous mincrals

The minerals sndradite and tremolite which arc

the prevalcnce of high temperature at the time of
their formation. T 1s generally assumed that
tremolite 1s a Jower gradc metamorphic mincral than

andradite.

sanunmed that andradite

?
i
ct
|._.|
149

o
O
D
M
3
O]
—
r.J
<}
)
t.]

is not a product of regional metamorphism but of
high-grade contacte thermal mctanorphisn.
Tyelcal occurrcnces of this nincral are in metamor-
phosed, impure calcarcous scdiments and can be

ascribed to 2 reaction between calelte, 1ron oxide

and silica.

BCaCO8 + FezO3 - 83102 M&W,CagFe,SiSOlL + 3002
colelite andradite
Tremoiite - Occurrences of this mineral similar to

those in the Kalahari Manganesc-ficld are found in
nmetamornhosed carbonatc-rocis and 1its prescnce can
be ascrihbed to a reaction betwecn dolomite, silica
and water,

5CaMg(C04), + 8810,
dolomite
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Talec - minncsotalte -~ These are low-grade metamorphic
mincrals and may, as far as the Kalehari Manganecse-
Tield 1s concerncd, be ascribed to a reaction betwecen

dolonite, silica and water.

BCaMg(COB)? + 4510, » (OH) Mg,51 0 + 3CaCo

otie
dolomite talce calcite

With sufficicnt iron present minnesotaite may be
formeds

(OH’”FCSSl4OIO

2) The_manginese minersls
Braunite 1s the most widely distributed of
y
these minerals in the ore of the Kalahari Manranese-
field, particularly in the Central Bclt and the
destern Ralt, “ith the onset of metamorphism and the
conseguent increase in temperature the higher oxides

ﬁ . . 4y .
of the mancancse minerals with Mn™ in the structure

combined with the available eilica to form braunite
which 1s stablc at high grades of metamorpiism,

Braunite 1s present in the ore together with andra-
dite (protos 45, 46, 43, 49) and it is intergrown
with bixbyite at 3lack Rock (photo 27). The indi-
cations arc that in »laces at Black Rock the two

minerals, braunite and bixbyitc, originated simul-

tancoualy, Dunn (euoted by Mitra, 1960, p. 205)

describes intergrowths of sitaparits (bixbyite) and

B

bravnite in orc from India and conslders the two
ninerals there To have Tormed simultancously, On
the other hand, iitra (19@0, ., 305) ascribes snsk
similar texturcs to replacement.

At the pcak of metamorphism androdite was

formed as well as housmannitc-jacobsite (photo 99)
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and Korannaberc ranges. The maximum intensity of the
anomaly was found to be in the Olifantshoek area.
This location of the anomaly apparently does not agree

with the metamorphic aureole of the area.

H. The geological history of the Upper Grigquatown Stage

It would appear that the manganiferous chemical
sediments were laid down under oxidising conditions and
that braunite was one of the early metamorphic minerals
to be formed from the original sedimentary material.
Subsequent to the formation of the sediments they were
subjected to post-Transvaal folding. In chapter II
on the geology of the Kalahari Manganese-field it is
explained that the rocks of the Upper Griquatown Stage
were folded and eroded before the deposition of the sedi-
ments of the Gamagara Formation. Subsequent to the folding
of the Upper Griguatown Stage much material such as man-
ganese, iron and 'mud' with a composition close to andra-
dite was introduced into open cavities and fissures
(photo 48) and in certain areas iron oxide (hematite) was
precipitated in what appears to have been cavities formed
presumably by leaching and slumping (photos 3, 41).
Subsequently, but probably before the deposition of the
sediments of the Gamagara Formation, certain areas were
subjected to high-grade metamorphism (thermal) during
which the minerals andradite, hausmannite and jacobslte
were formed.

At a later stage the area was subjected to epeiro-
geneslis, possibly uplift, and the rocks of the Upper
Griquatown Stage were eroded. This 1s proved by the
basal conglomeratic breccia of the Gamagara Formation
located on the farm Eersbegint in which are present
rounded pebbles of manganese ore and banded ironstone.

dveady
This manganese ore,contains the minerals hausmannite and
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jacobsite (photos 35, 28)., Most lilicly towards the

P

of erosion of the rocks

7
.3
8

CQ
o]
=
lan

ning stag this perios

of the Upper Griguatown Stage, the manganifcrous ore-
bodies waore subjcected To supergenc enrichment and the
aincrals such as cryptomelane, pyrolusite, todorokite
and nsutite could have becn forncd. The various

stages in the history of the Kalahari Manganese-ficld

arc schematieally r sented in Tabkle 25)

It is thercforec evident that there is some re-
lationship between the geological structure (folding)

and the grade of =etamorphism, High-grade orc 1s

B

-

cncountered in arcas that werce subjocted to folding
(Bastern and “cstern Belts) and it is in these arcas
that the mineral andradite is prescnt. 1Mo andradite
is known in thc orec from the Central Belt. In fact

this ore which is of a low grade corresponds somewhat

with the original comnosition of the sedinents from
‘which 1t oricinated.

A comparison with the Postmasburg Menganese-ficld

According to J.3. de Villicrs (1946, pn. 41) the
Postriasburg ores have hcen deposited from circulating,
hot solutions. He gquotcs the opinion of others:

L.T. Ncl - replaceient by metcoric watery H. Schneiderhdhn -

metonorphosed sediments; aA.L. du Tolt - replacement de-

posits that have undecrgone metamornhilsm.

has subse-

that the orc is a t k£ rcplacendwy and

quently undergonc
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It is of interest to note that the Bastern Eelt
of the Postmasburg-ficld compares favourably with the
Central Selt of the Kalahari Mangancse-~field in this
resnccet that in -both areas the mineral braunite is
predominant., Furthermore, thc Yestern Belt of the
Postmashurg-ricld compares favourably with the Eastern -
and ‘Jestern Belts of the Kalahari Mangancsc-figld in
so far that the minerals bixbyite, hausmannite and
jacobsitc are prcsent in bhoth arcas. Garnet was not
found in the ore from the Postmashurg-field.

According to J.%. de Villiers (1946, p. 40)
certain features of the orc from the Postmasburg area
militate against 2 metanmorvhic origin. They are:-

1) "Small druses in the ore arc not uncommon'. In

the Kalahari Mangancse~field andradite is found in some
of the vugs and in the Postmasburg-ficld cephesite,
bixbyitc omddiaspore. In this connection it should

be pointed out that under conditions of thermal meta-~
morphism the pressurc ncced not be exceptionally high

as undcr coaditions of regional metamorphisn. Ilowever,
according to Barth (1962, p. 234) shearing strcss in

rocks greatly facilitates thc proccss of rcerystalli-

zation and the 'pore fluild' will escapec [rom places

of nigh pressure, ecven Ln gnciss and schist. Moreover,

it is quite conceivahle that in a carbonate environnent

-

a gaseous phase under metanorphic conditions would
create and maintain drusy cavitics.

.

2) "In a fecw specimcns coarse- and finc-grailned sita-

parite ores of similar mincralogical constitution occur
in juxtaposition'. Although under the same conditions of

metanorphisas a uniform grain-size would result, local
ariations in physical conditions caused by fracturing

or bedding could however, zccount for a variation in

grain-size,
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THE VARIOUS STAGES IN THE HISTORY OF THE

KATAHARTI NMANGANESE-FIELD :

MINERALS FORMED IN THE MANGANESE ORE

. , . -
GEOIOGICAL FORMATION OR STRUCTURE PROCESS CONDITIONS AND ENVIRONMENT OF THE UPPER GRIQUATOWN STAGE
Gamagara Formation Sedimentation Conditions favourable for deposition of clastic  Supergene minerals.

material (contains pebbles of manganese ore and

banded ironstone)
Unconformity Epeirogenesis Uplift and erosion
Bostonite h Intrusion of dykes and sills Hydrothermal alteration of bostonite In bostonite - cymrite, nontronite

piedmontite and hydromica.

Hidden igneous rocks

Folds and breccia j

Upper Griguatown
Stage <

Plutonic intrusion

Vein and cavity filling
conditions

Pressure from the west -~ long
and continued

Iithification

Chemical precipitation

Scanty evidence suggests thermal metamor-
phism to have taken place before the de-
position of the Gamagara Formation

Addition as well as leaching of material

Compression

Low grade metamorphism (load?)

Dehydration, compaction and recrystalla-
tion

Marine basin of deposition - oxidising
environment.

Main metamorphic minerals : hausmannite,
jacobsite, hematite, andradite, tremolite,
talc, bixbyite, braunite, and manganite.

Early metamorphic minerals : braunite,
magnetite, cryptomelane, pyrolusite, goethite,
talc and minnesotaite.

Minerals owing to lithification : wad, manga-
nese oxide, ghodochrosite and calcite.

Original sedimentary material : oolitic
carbonate, gelatinous manganese and iron
hydroxide, manganese and iron carbonate

and hydrous silicates of magnesium and iron.

Ongeluk lava

Successive flows,
subaqueously

Exhalative conditions and weathering

processes (Enrichment of water in Fe,
Nn and 510,).

Campbell Rand Dolomite

Erosion and weathering

Highland towards east. (Enrichment
of water in Ma, Ca and Mg).
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Photo 3(a). lianganese ore (blue-black) and iron
ore (red). Bottom cut, apyroximately 25 feet
high, Hotazel.

Photograph missing

Photo 3(b). Close-up of contact area between man-
ganese (bluish) and iron ore (red). The lamnina-
tlons of the manganese ore terminate against iron
ore. The patch of iron ore 1s approximately

o feet across. Hotazel.

IR

Prhoto 4, Martitises handed ironstone. The two dark
bands are partially rcplaced jasper (black).
Refl. light. fotazel - HB 1 15 x
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Photo. 5. Kalahari limestone (white-gray) replacing

banded ironstone* from above (black souares). The

dark-gray strip on the top is Kalahari sand.
Hotazel,

fhoto 8. Transverse fracture, strilking east - west,
Tilled with surface rubble. Devon.,
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Photo. 7. 'Carbonate-rock' (black) partially re-
placed Ly cr/otonelaﬂe (gray-white). The thin
bands (black) are red-brown jasper.

Devon. 2/3 x

Photo 3. iianganese ore showing remnants of 1ime~

B e

stone (wnlle) and 'oolites'., Smartt 4 x
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Photo 2(a). 'Carbonate-rock' (left) from foot-

wall of ore-body, with strips of dolomite (white)

and rhodochrosite (dark-gravy). At right #z man-

ganese ore overlyving the 'carbonate-rock!'.
Manatwan.,

Photo 9(b). Rhodochrosite (gray) with reaction rim
of ankerite (yellow-red), all in groundmass of
hematite and minnesotaite. The two holes were
drilled for X-ray identification. Obligue iilu-
nination. Hamatwan - M 10, 10 x
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) ore-

Photo 10. lianganese sbody (m)
of tanded ironstone (jointed
The banded ironstone is appr
across. :

ith intercalation
dipping to the west.
nately & feet

to Ale 3= 1y bone nhing
8% eneath uanﬁ eko sefhodj, The entrar ce to vnder -
grouﬂd workings 1n ore-bhodv is seen,
Black Roc

Photo. l'2. Coarse sliciensides in ﬁonrancse
ore--body. Dlacl Rock.
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O‘J./

Banded Iro

Photo 12. Cross section across folded ore-body de-
icting relationship of photos 14 and 15. This area
s sltuated along the open-cast workings 4 and 2
f'older 2) east of the heacon #'chwane (samples

). Dlack Rock.

)]

o]
were taken at a to ¢

i Y > 3

WL - > x
fold of small

Photo 14. Excavation zlonz asyvmetrical

amplitude (position indicated on photo 123). To the

left the foot-wall contact of the mancanese ore is

almost vertical. Banded ironstone at hottom of ex-

cavation, Size of feneing poles indicate scale.
tlack Rock,

Photo 15. Recunient Told of banded ironstone (i) and
AT Y T
i) 0

maneanese ore (L and . Black
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Photo 16. Holes 0.2 mm in diameter formed by
diamond~tipped okrjective. Refl. light. 300 x

Photo 17. Scratches 0.1 ma in width by 'micro-
manipulator' and sapphire stylus. .
Refl. light. 300 x
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Cryptomelane (white) forwing in wad (black).

Photo 13. Ore rich in cryptomelane and wad,
Top cut, Iotazel - HE. Refl. light. 16 x

g
i
Langdon. Actual size.
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now replaced
Adams -~ A4, °
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£ hausmannite (dark and gray)
ryptomclane (light-sray and white).
£il. light, oil inmm, 200 x

. e ™73
Photo 22. Rel:

Photo 34. A vein of pyrolusite (white with shrinkage

cracks) cuttine a ground-mass of fine-grained haus-
mannite and jacobsite., The idiowmorphic crystals
(dark-gray) are bixzbyite. Hobtazel - H 10,

Refl, light, oil imm. 200 x

ite (white).

Photo 25. Jacobsite (g

The white crystals are not idiomorphic single crystals
but are aggregates ol crvstals of hematite.
Bersbegint. Refl. light, ol]l imm, 150 x
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Photo 36. Vredenburgite consisting of jacobsite,
hausmannite (h) and hematite (white),
EBersbegint. Refl. light, oil imm. 150 x

> ‘e I

Phote 37. Idioblastic jacobsite (gray) with spots
of hematite and pyrolusite (white).
Hotazel - jacobsite. Refl., light, oil imm. 150 x

Photo 33. A vein of jacobsite (gray) with spots of
hematite (white) in hausmannite (dark-gray). The
white patch in the top righthand corner is pyro-
lusite. Hotazel - H7. Refl, light, oll imm. 300 x
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Photo 40. Magneti
P 7

e (dark) cracked, revlaced hy

4
7 - b
pogsibly nsutite (white) and cryptomelane (gray).
Hotazel - II9. Pefl, light, oil imm. 1800 x
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Photo 42. Hausmannite (twinned) and ﬂoctL (dark)
The winite spots are hematite and the vein 1s
sutite (white). Iotazel - H 10, Tefl, light,

oil imm, 200 x

with shriakage eracks

fLLlGurouE ihh eryntonclane, Also idioblasts of
hematite (zray) with vims of "jacobeite' (dark).
1300 x

Hotazel ~ &, Tefl.light, oil imu.

Phoho 44. Grain of hematits (white) containing
idiocunornhic crystals of either nixbkbyite or 31cob~
site. Devon - D2, Refl, iight, oll irmnm, 1300
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- Pngto 48. Brecclated braunite. Also andradite

Taark, along cracls on left), and gome crypto-
melane (di €€W”lnab€u) and goethitd) Sample (e),
folded area. Blaciz Pock, Refl. light. 8 x
G R
- - £ "‘-&-‘fx’ 39, a
Photo 49. Craclis shown on plioto 4B enlarged,
hndradite (dark) and braunite (gray).
Black TNoc Refl. light, oil imm. 300 3
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ghe part of the collo-
Hotazel - H4.
t, oil imm. 1800 x

Cryptomelane (white) replacing braunite
2y ). The black is goethite.
4.

- BR 1D, Refl. light, oil imm. 300 x

Dhoto 57. Cryptomelane (white) replacing braunite-IT
(gravy. black Rock - BR 1E. Refl. light, oil inm.
1800 x
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og-tooth spar

zel -~ pol sec.
- light, oil imm.
300 x

grossaed nicols,
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s of goethite possibly pseudo-
xbyite, in vein of todorokite

morphous after
in bhraunite ore.

lal

Smartt - 55. Refl., light, oil imm 300 x

Photo 82. Crystal
hi

5

Photo 82. Nodule in braunite ore, now filled with
todorokite. Devon - Dl. Refl, light, oil imm., 150 x
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rossed nicols, refl. light, oil imm, S00ux

Finc-grained nsutite (nl) in contact
> -grained ﬂ"ﬂflu (n2). Hotazel - HO,
ols, refl. lignt, oil imm, 300 x

D P

oy b q 4 "
reat habits of Aytr'tf ~ closely
p

-
ic cleavage in foreground and in upper
i me v

Wo]‘) ection. Zhg bkaek
g Tror ? (Bulﬂ sec, ).
Trans 150 x
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> cituated near ~rlying banded
inly amorphous mat in respect to
fraction, some hausmannite and goethite,
Fousmannite replaced by cryptomelane (light-gray).
Cracks (black). Bottom cut, Hotazel - HJj

avnite-rich ore. Cryi
and vnvrolusite (p) ar
Bottom cut, Hotazel
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‘"

’AJ. ‘{ )
JQ

T N N e

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



EIT VAN PRETORIA
TY OF PRETORIA
i RIA

HI YA PRETO

n

N (.)’) Cf—
n O

; of
) N\
cry 2/

S T | 7
wIacies AL

Ore ricrt 218
c-graince ma
site (j), nsutite
ined hausmannite
¢ (h2) are mainl
ly, Hotazel -~ H 10

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



P
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
@ YUNIBESITHI YA PRETORIA

o

Devornn ~ D4, Refl,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA

)

&
%
<

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
2
<

h in braunite and cryptomele
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hematite. Near foot-wall.dark:wad.
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with carbonate (dark) and

. The latter replaced by
ite (dark). All in braunite
1. lights oddis 140 x

3 Ore rich in braun and tOﬂO”Okit
nodules are filled
e

3nﬂ cryb'om‘la

i
P

Photeo 109, Ore el ¥

tomelane. The white s

cryptomelane. Block

ol'lC& and iron oxi
Roelr -

1B.

n ?ixbylte9 L aunite
r»aks mainly pyrolu :
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Layered wmanganese ore consisting
hematite and braunite. Remnant
of banded ironstone. Near hanging
ody, Black Roeck - BER 1D. Refl. 1ight.
Sl d

wall

réss

© lovwed

rich 18 braunite:dcryptOW
) incipiently replaced by cryp-
1418 body.

1

fhoto 111. Ore
Braunite ore (gray

tomelane (white). Near foot-wall of midd
Black Rock -~ BR 2b. Refl. light. Elee
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ryptomelane (white). All in
. Sample (e) folded area.
Refl, light, oil imm. 150 x
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rnoto 121. The Reichert lMetallurgical Microscope
and the Vacutherm Micro-Vacuum Furnace with
evacuating unit.

T A\ - ' -
Photo 122. The lower half of the Vacutherm
tlcro-Vacuum Furnace with observation poripond
thermocouple.,
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Photo 122. Various forms of samples and holders
used in vacutherm and aicro-vacuum furnace:

the sample cardier (s), the ouartz ring (g), the
2.5 mm ore sample (53 13, the & =wm metal sample (S2)
and the 2.5 =mm ore samnle cemented into the
alundum tube (83),

Photo 124. Bixbyite (gray) with cryptomelane
(white) and streaks of eryptomelane alons prain
toundaries. '"he dissemminated white specﬁsbare
hematite. Refl, light, Reichert high-temp.
microscone. 160 x
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Photo 125. Cryptomelane partly altered to cryp-
tocrystalline bixbyite (dark - centre of pnlate)
and along grain boundaries (dark-gray). At this
temperature the cryptomelane has lost some of itfs
OXygZen. Ref%. light, Reichert high-~temp. micro-
scope. 430°C 170 x

Photo 126, Altered 1) showing
negative relief, and hematite (white) positive
relief, and bixbyite (gray). Refl. ljight,

Relchert high~temp. microscope. 5680°C 160 x
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2.2k

Photo 127. Cryptoerystalline bixbyite (dark)

formed from cryptomelane clearly visible at 730
also along crystal boundaries of original bix.
byite. Refl. light, DReichert high-temp. micros-
SCOpE. S 180 x

p

OC

QU by 21 &

o} : .
Photo 123, At 900°C the polished surface of the
specimen became spotted. Refl. light,
Reichert high-temp. microscorpe. 160 x
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Photo 129. At 1030°C the snots on the nolished
surface are identified as a liocuid. This observa-
tion was made shortly befere the surface became
covered by molten ore coming from the rear, nearer
the elements.

Refi. light, Reichert high-temp. microscone 160 x

Photo 12Q. After cooling from a melt (ore},
hausmannite ¥ag crvstallised from the molten
material on the surface under observation.
Refl, light, Reichert high-temp. microscope.
Room temp. 180 x
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an$9w;h;4 Partial alteration of cryntomelanc.
During heating the crvotonclapc (white) mad al-
tered to chD+ocry talline bixbyite (mottTcd

dark). ALl in vprimary bixbyite (gray). Refl. light,
oil imm. Repolished after heating.

Room temp. 300 x

Photo 122. In areac of sufficiently high temp.
hausmannite (twinned) has Tormed. The black spots
are pores. Refl. light, oil imm. Repolished after
heating. TRoom temp. , 300 x
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Shoto 127, Hausmannite (white and dark) and

bixbyite (gray). The hausmannite kag formed

along the pecripheral portion of the specimen

owing to alteration of the bixbyite.

Refl. light, oil imm. Repolished after heating.
Room teun. 300 x

s

Dhoto 124, Alteration of bixbyite (gray) to
partially altered bixbyite (dark-gray) and
hausmannite (twinned). Refl. light, oil imm.

Repolished after heating. Room temp. 300 x
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Phioto 125, Hematite (white) with jacobsite (gray)9
surrounded by jacobsite (§) and hauvsmannite (h).
All in ground-mass of nausmannite (h). Refl. light,

0il iwmm. Repolished after heating. Room temp. 200 x

Photo 125,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022
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Photo 136 (a). Hausmannite before heating.
Photos 13€¢ (a) and (b) do not represent the same
sample. Refl. light, oil imm. 300 x

o - 3 A

Photo 137 (bh). Hausmannite after heating contains
units with individual twinning. The twinning lamellae
of the individuals in a unit make angles of 60 and
120° with cach other. Clearly demarcated boundaries
between the separate units arec absent hut onec such
unit has been linked. Refl. light, oil imm.
Repolished after heating. Room temp. 300 x
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Phote 137. Twinning in hausmannite displaying
pronounced internal reflections (see photo 136b).

Refl. light, oil imm. Repolished after heating.
Room temnp. 1,000 x
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