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THE GEOLOGY OF THE MANGANESE AND IRON DEPOSITS NORTH
OF POSTMASBURG, CAPL PROVINCE,
Abstract.

This thesis is based on nearly threce years wock on
the manganese fields of Postma;burgo During this period
the writer was able to study in detall every corner of
the fields, and make detailed maps of every manganife;
rous portion, barring a small area at Auoampsrust; which
was later visited, and formed the subject of a paper
read before the Geological Society of South Africa.
Small portions bearing little manganese in the immediate
vicinity of Postmasburg itself were mapped on a smaller
scale by two of my colleagues.,

Because of the lengthy and detailed field work, the
subject matter of this thesis is largely based on field
observations, supplemented by the study of some mineralo-
gical details in the laboratory;

The field study therefore embodies the results of
the detalled mapping and observations, The complex
geology, dominated by the two major factors in the shape
of the unconformity between the Matsap and Transvaal
systems, and the post-Matsap thrusting; is described,
From the nature and distribution of the basal member of
the Gamagara sediments, conclusions are drawn with re-
gard to the distribution of the members of the Transvaal
system in the area in pre-lMatsap times. In the light
of éuoh a distribution, the evolution and effect of the
post-Matsap tectonics is discussed.

Partioular attention is pald to the nature of the
manganese and iron deposits; and the relation of the one

type of deposit to the other, as well as their relations
60//veuins
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to the enclosing geological formatioms. The probable
time and mode of the periods of haematitisation and
mangenisation is discussed, and the possible effect of
the active oonstituents in the accessory minerals on the
mineralisation is alluded to., The interesting assemblage

of accessory minerals are also described.

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



7.
CHAPTER 1.
Introduction.

(A) Resume of Past Work.

Larly accounts of the struc-
ture of some of the rocks of the area were given by the
travelleré'W.J. Burchell and H. Lichtenstein about the
year 1805, (28.p.é.) R. Moffat travelled extensively
in the area; and added many interesting geological notes
in papers printed in the “Journal of the Royal Geogra~
phical Society" for 1858. (28.pp.64-65.)

Stow (28.pp.68~77.) was the first geologist to
describe the general geological succession of the area.
Many of his observations were remarkably astute. For
instance, he ascribed the crumpling of the banded iron-
stones on a hill called Ramajes kop south of Kuruman,
to horizontal pressure from the west, and it was his
opinion that the rounded outlines of many of the ranges
was the result of glacial erosion.

In 1904-5 A.W. Rogers (25; 26 and 27.) surveyed the
Hay and Kuruman divisions in which the manganese belt
falls. He largely upheld Stows olassifications; but
correctly placed the Ongeluk Lavas in the Pretoria
(Griquatown) series. He did not uphold Stows opinion
that the Blinkklip breccia waé a detrital rock. Rogers
maintained that it was formed by slumping of the lower
Griquatown beds under the influence of gravity; and,
perhapék earth movements; into hollows dissolved out of
the underlying limestone., The peculier structures
west of the Gamagara rand led Rogers to assume nogmal,
and at a later date; reverse faulting; along the name

plane. (His "Paling" fault.)
80//000.00
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After ?he discovery of the manganese déposits by
Captain T.LeH. Shone in 1922; there is a spate of
publications, Hall (16) describes the local geology;,
but was mostly interested in the nature and economic
possibilities of the manganese deposité. Wagner (36)
embodied his investigations on the rich haematite ores
of the region in his memoir on South African iron ores.

During this period there were naturally numerous
private reports, mainly of an economic nature, drawn up
for the various companies interested. There were na-
turally many contradictory opinions, for the local geolo-
gical structures present unusual struectural problems,
and the origin and structure of the manganese ore bodies
gave rise to much divergent discussion.

In order to get to the root of these problems and
so aid mining engineers in locating exploitable ore bo-
dies; Nel (21) undertock a more detailed geological sur-
vey of the manganese deposits and surrounding country in
1927;28. In the main the opinions of Rogers were up-
held; Owing to its isolation from the main masses of
Matsap sediment by faulting; Nel gave the name Gamagara
series to the group of ferruginous conglomerates,
sluminous shales and quertzites building the mangani-
ferous range of hills of that name.

Their correlation with the Matsap sediments to the
west by Rogers, was upheld. Nel Was; however?agorced
to modify Rogers "Paling" fault by a thrust fault acting
from the west. His detailed mapping on a scale of over
1 inch to the mile had shown Gemagara quartzites dip?

ping westwards beneath older Griquatown beds, a fact

9/  eennns
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which Rogers "Paling" fault ocould not explain,
Furthermo?e; Nel realised the important faot that man-
ganese was formed by the metasomatio replacement of
Fhe permeable Gamqgara conglomerates and shales and the

siliceous breccias, only where these rocks directly

overlie the dolomite,

In 1933 du Toit contributed an excellent paper on
the manganese deposits, in which he drew attention to
the generality that the manganiferous zone usually under-
lies the ferruginous zone; his paper contains a search-
ing discussion on the origin and deposition of the
manganese ores. (13)

In 1986 the writer re;mapped the northern half of
the fields; lying north of Lat. 28° S.; paying special
attention to the haematite ores, (34, Map and portion
of publisation.) During 1937 and 1938 the very large
seale maps (approximately 5 inches to the mile); were
prepared, ocovering the most valuable portions of the
mineralised area, as well as the most complex and in-
structive geology. This portion of the work and the
meps form the basis of this thesis.

(B) Location of Area, Communications, and Physical
Peatures,

Situated in the north Cape Province bordering on
the Kalahari desert, the area is unfortunately well
away from the beaten tracks of South African commerce

. and. the main centres of population.
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Access to the ocean is moreover a great difficulty, since
Postmasburg lies near the centre of the sub;continent.
Actually it is somewhat nearer the Atlantic than the
Indian ocean, but the nearest parté of the Atlantic
coast has no well-equipped ports, nor is there direct
rall communication across this semi;desert part of the
oountry., Kimberley, the nearest large oentre; lies 108
miles east;south;east (in a direct line) of Postmasburg;
to which it is connected by rail. From Kimberley the
neares? and best equipped port is Durban,

As & result of the discovery of the manganese de-
posits, the railway was extended to Postmasburg from the
then railhead at Kbopmansfontein; 62 miles distant,
After the economic depression of the early 1930's; the
line was extended northwards from Postmasburg along
the strike of the fields for 25 miles to the present
railhead of Lohathla, 154 rail miles f?om Kimberley.

In addition a branch line waé built eastwards from Drin;
hoekspan (Map G.) to Kapstewei the terminus of this line
being named Manganore. (Map K.)

Nong//eesss
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Aong the main roads, which are gravelled, as well
as along many ;econdary roads, an efficient Road Motor
Bus service is maintained by the railways, carrying
ingoing commerce to the farms, and outgoing produce to
the railway and towns from the pastoral community.

No main roads occur within the confines of the present
maps; barring the short stretch in the extreme south

op map G; running through the mining village of Bees-
hoek; and connecting Postmasburg to Oliphantshoek,
Within the area covered by the maps the road communi;
cations are poar, being sandy or gravelly, and where

the karst of the dolomite plateau is traversed, extreme;
1y rough.

Forming portion of the inland plateau of South )
Africa; with heights varying about 4;400 feet above sea
level; the relief is in general low., The landscape,
however, ié not monotonous; for the general level of the
plateau is broken by hills of moderate relief, tren@ing
in a northerly direction parallel to the conspécuous
Langeberg range in the west. This range forms the.
local boundary of the Kalahari proper, which extends
a; a vast éandy plain west o these mountains to the
border of South West Africa.

Some of the crests of the Klipfontein hills
immediately north of Postmgsburg approach 5,000 feet in
altitude. (On map K.) The Gamagara ridge is generally
lower; and forms a small cécarpment, for the general
level of the sand plains west of these hills is from
ahout 50 to more than 300 feet lower than the level

dolomite country to the east,
The// e eees
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12,
The cogtinuous line of the Gemagara rand is in strong
contrast to the disconnected line of the Klipfontein
hills, Outliers of the latter often form conspiouous
landmarks of such curious shape that they carry distince
tive names such as Tigerkop; Koppie Alleen etc.

All ?he valleys are filled with detritué and pink
Kalahari sand, which the sluggish drainage is unable to
move., The deeper and lower lying valleys west of the
Gemagara rand are naturally more deeply filled.

(C) Climate; Drainage and Vegetation.
The climate is pleasant and healthful,

%nd during the cooler months, invigorating. Being a
semi;arid region; the summer heat is dry; and not un-
pleasant, tempered by frequent breezes and cool nights.
Rainfall is mainly in the summer months; falling in
sudden sharp showers during thunderstorms, and averages
about 14 inches per annum., However, it is variable,
ranging from about 7 inches to over 20 inches.
Mutumn is the most pleasant season of the year, while
the winters are a succession of bright sunny days follow=
ing frosty nights. Thigfiroken by occasional bursts of
cold damp south-west winds, bringing with them sleet
showers.

Lying on a local watershed, the drainage is in
~two main directions, north-westwards to the Gamagara
river, and southwards to the Postmasburg and Matsap
valleys and so to the Orange river. Practically all the
drainage within the confines of the accompanying maps
falls within the latter system. An important system of
local drainage is that running westwerds from the Klip-

fontein hills over the dolomite plain, and thence soross
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?he tilted edges of the Gamagara beds to the low lying
sandy flats beyond. (See map G;) This drainage is
important since it seems that the dolomite supplies the
manganese by its chemical weathering.

In spite of the semi-aridity of the climate, the
country ié well-clothed by a pretty; if xerophilous
vegetation, Where the soil is deep in the sandy stret-
ches, large umbrella shaped camelthorn trees (Asacia
giraffee), are found dotting the flats. Where waters
are shallow along dolerite dykes or drainage hollows,
the soetdoring tree (Acacia karroo) is found. As a
result of the dry climate, the grasses grow in clumps,
but axe nutritious; mainly belonging to the sweetveld
types. The most common are the drought resisting Bush-
man grass (Ariﬁtida ciliata and Aristida obtusa) and the
white steekgras (Aristida burkei).

Most of the vegetation is of the bushy tyre. Level
stony country and the lower slopes of the hills are thick-
ly dotted with the pretty silvery thornless scrub; the
vaalbos. (Tarchonanthus camphoratus). Rocky hillsides,
and especially the rubble covered slopes, often harbour
a dense growth of the thorny swarthask bush.(Acacia
detinené). Many other types of hardy plants are re-
presented, among them interesting varieties of succu-
lents.

(D) Compilation and Accuracy of the Maps.

Owing to insuffient data being available, key
points were plotted on the scale of 100 Cape roods 2 1
inch, or approx. 5 inches = one mile. This scale was

sufficient to plot well exposed contacts to an accuracy

Of//o-oo.
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14.
of 10 feet or the thickness of a pencil line on the
mep. The areas to be done were flagged at close
intervels and in the process thoroughly reconnoitered.
The positions of the flags were aocurately located by
means of a telescopic alidade, and checked by back-
sighting. No points were aocepted until perfect
agreement was obtained.

The plane table mapping was then proceeded with,
special attention being paid to the areas occupied by the
manganese and iron ores, which owing to their habitual
situation on high ground and resistance to erosion;
afforded excellent outcrops and contacts. During the
mapping of the complex manganese outcrops use was made
of the ferruginous band lying between the manganese ores
and the overlying aluminous shales, and the continuity
of this band was somewhat exaggerated.

To ensure accuracy and an extra check, map G. was
commenced in the north and completed halfway. This
area was then tackled in the south, working north;
wards. An excellent fit was obtained, indicating

negligible error.
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CHAPTER II.

General Geology.
(A) Table of Formations.

. éSand, Surface limestones
Tertiary and Recent Deposits... and
( Gravels,
Karroo Systemeeeesseveseseses. (Unrepresented.

Po st-Waterberg éBlinkklip and
Cataclastic series...(Siliceous breccias,

(Matsap series .., Not represented.
Waterberg System.....é Quartzites
Gamagara Series..{Shales
Conglomerates,

§ Upper Griquatown
Stage...not repre-
sented.
Pretoria Series.éOn eluk or
migdle Griquatown
stage...Andesitic
laves,
Lower Griqua-
town stage.,.Banded
ironstones,
chert, jas-
pers, and
tillite.
Dolomite Series.&Dolomitio limestone,
chert and shales.

Transvaal systeMeeee.s

NN NN

2Dolerites,

Igneous Intrusions...... Kimberlites.

(B) Lithology, and General Geological Relationships.
(1) The Dolomite Series.

This rock, which crops out
widely but inconspicuously in the area; forms a solid
ba;ement on which all the other formations rest., It is
the oldest rock exposed in the area; being pre-Cambrian
in age., Its aggregate thickness is computed at several
thousands of feet. (268). It ié seen to outerop main-
1y eaét of the Gamagara rand; where it ocouples the wide
flat;‘extending to the Klipfontein hills and beyond.

The ba;es of these hills are built of dolomite, They
ere//vevee
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are in the nature of erosion relics, their cappings
being composed of various resistant rocks, mainly brec-
oias, resting on the dolomits, (See K. éeries of sec-
tions.)

Over large areas oocuplied by the dolomite, soil
is scanty, forming a thin covering over the rugged dolo-
mite and chert outerops, or filling the cavities in the
frequent karst surfaces. The best outcrops are seen
on the flanks of the hills, especially the Klipfontein
hills and on Pensfontein., Here the bedded nature of
the rock is apparent, the sides of the hills presenting
a step~like appearance.

The rock weathers with a dark gray rough surface,
and where free from chert, forms large flat outcrops
with deep karst channels between, filled with reddish
soil, Occasional large sinkholes have been dissolved
in the rock, while near the eaétern boundary of Paling
large caves occur.

The composition of the rock shows that it is not
a pure dolomite, but a dolomitic limestone.  (40)

Its composition varies from place to place and from ho-
rizon to horizon., Portions less dolomitic indicate
their richness in lime by the appearance of lighter gray
shadeé or even a whitish translucence. Calcite veins
and nests are frequent.

Chert is a common constituent of the dolomite, oc-
curring as irregular bands, nodules and lenses, It is
mostly gray in colour and is more frequent near the top of
the ;eries. Owing to its superior resistance to weather-
ing it outerops conspicuously. Silicified oolites are
found, while at the top of the series the passage beds

which//esees
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which grade into the lower Griquatown banded iron-
stones take on a thinly bedded character. Red and
yellow colourations become frequent while pisoliths of
haematite (after pyrite) as large as peas are common.

Besides the calcium and magnesium in the rock, iron
in small amounts is common, colouring the rock pink or
red at some localities. Manganese occurs probably in
the form of carbonate, in amounts up to over 2% of the
metal; (2l.p.8.) It is of interest to observe that
traces of fluorine and chlorine have been observed in
the dolomite., (21.p.18, and analysis below.) The fol-
lowing partial analysis of dolomite shows notable amounts
of chlorine; the dolomite; then; seems to have been the
source of these halogens and also the source of the re-
sidual aluminous slime forming much of the Gamagara
shales, (39). Analysis of dolomite taken from an out-
crop adjacent to the new zunyite occurrence on a knoll

on north-eastern Doornfontein:

Table 1,

Sample No, L.B. 221. Lab. No. p. 13550.
8102 0,02

. ‘ The ratio of Caleium car-
MZOS - - -
Fo.0 bonate to magnesium is as
e B ;

23 52.8% to 47.2%. The rock
Mg0 21,44
- igs therefore a true dolomite.

Cal 29,08
Na-zo Lad
K20 -
Cl 0.07
F -
COZ 35.51
Total HZO -

Total//eesss
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Total 86,12

Analyst: C.J. v.d. Walt, Division of Chemical Ser-
vices, Pretoria.

(2) The Pretoria Series,

(a) The lower Griguatown Stage.

Nowhere in the area under consideration
does this stage of the Pretoria series attain more than
a portion of its true thickness, Crumpled erosion re-
lics and overthrusted slabs, however, form prominent
outerops. They largely compose the cappings to the
Klipfontein hills in the form of brecoia (map K.) or
form prominent dip slopes along the western side of
the Gamagara rand on Japies Rust and Lomoteng (map G.)

(i) The Banded Ironstones and Jaspers.

Where preserved in normal develop-
ment, this sub-stage is compoéed of about 1;000 feet
of well laminated highly ferruginous banded ironstone,
which overlies the dolomite without any break in the
sedimentation. The next 1,500 feet is composed of
relatively iron poor banded jaspers, mainly brown and
yellow in colour; and more massively bedded than the
preceding phase. The entire stage is powerfully mag-
netic.

The banded ironstones are so well laminated and
jointed that they are split with ease into large slabs
and paving stones. Cross fractures reveal alternating
layers of brown and white chert interleaved with thinner
layeré of black glistening haematite and magnetite.

The total iron locked up in these banded ironstones must

be almost beyond computation, for their iron content

i8//eces.
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is about 30%, and the reserves of rock in-exhaustible,
(36) Even in the small area covered by the aocom-
panying maps the tonnage of thls rock must run into
hundreds of millions, There is little doubt that the
high grade iron ores of the area have derived their
iron content mainly from this source.

(1i) The Griquatown Tillite,

This interesting rock is the
uppermost member of the lower Griquatown stage of the
Prete ia series, and abruptly terminates the thick mass
of banded jaspers; on which rock it lies with ap-
parently a slight disconformity. The tillite is thin,
but is wonderfully.persistent over wide areas. The
thickness varies from a few feet to a rare maximum of
about 50 feet.

It is a small pebble tillite, being crowded with
oval and sub-rounded pebbles of black and white chert
and brown jasper, almost to the exclusion of other
pebbleé like quartzite and banded ironstone. Groov?d
pebbles are plentiful locally, (25) The matrix is
fine grained and calcareous, weathering into a charac?
teristic red and brown porous mass studded with pebbles.
Fresh samples are only to be found in wells ete.

In spite of the thinness of this rock formation, it
is frequently found involved in the thrusting, in many
placeé marking the site of such breaks. This may be
the result of its situation sandwhiched between the in-
oompetent banded ironstones and jaspers below; and the
thick mass of andesitic lavas above.

(iii) The Ongeluk Lavas. |
Computed to be about 3,000
feet//...
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feet thick, (21 and 25) this massive bed of andesitic
lavas composes the middle Griquatown stage of the
Pretoria series in the area. The lavas are wonder-
fully consistent in texture and composition, and as
a competent mass have played a great part in the
structural composition of the area as a whole.  How-
ever, in the area covered by the accompanying maps the
lavas appear only on the western fringe of map G; a;
an irregular foreland of an overthrusted mass. (See G.
Series sections).

(iv) The Upper Griquatown Stage.

Not much is known about
this local phase of the Preta ia series. At one
locality it appears to be very thick. It is composed
of banded ironstones, shales, quartzites and limestones,
and occurs along the eastern foot of the Langeberg range,
not appearing within the confines of the accompanying

map S.

(8) The Gamagara Series,

This small sedimentary series was named
by Nel, (21,pp.16, 30.) in 1927-8, since Rogers origi-
nal correlation of these beds with the lower Matsap
then seemed open to some doubt., Rogers correlation,
however, is upheld for reasons enumerated in section
(b) below. The term "Gamagara series" is retained for
reasons of convenience, and because of the economic im-
portance of the series.

(a) Distribution.

(i) The Gamagara Rand.
Stretching from the farm
Olynfontein//e...
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O%ynfontein, situated immediately west of Postmasburg,
(south end, map G.) to beyond the northern limit of the
map on the farm Bishop in the Kuruman division, is a
oontinuous strip of Gemagara beds., These ridges re-
present the southern and larger half of the Gamagara
rand; and include by far the strongest development of
these b?ds. They consist of lenticular masses of fgr-
ruginous conglomerates at the ba;e, followed by alumi-
nous shales and quartzit?s respectively. These rocks,
which lie on an erosion surface of the Transvaal system,
strike in a north-south direction, while moderate wester-
ly dips are the rule. The distance from Olynfontein to
Bishop is nearly 25 miles. Nowhere along this length
of strike does their width of outerop exceed a mile or
two; being everywhere terminated along the western dip
slopes by a complex of thrust faulting.

(ii) Outliers and Inliers.

Outliers of the Gamagars beds
are found chiefly along the crests of the Klipfontein
range of hills, (See map XK) Here these remnants have
been preserved from erosion in basin shaped depressions
in the harder erosion resisting Blinkklip and siliceous
breccias. (See XK. series sections.) Smaller patches
are found lying on, or more usually folded into; the
breccias, Small outliers of conglomerate and shales,
often manganised, fringe the Gamagara rand to the east,
and are found capping detached hills of dolomite on
es: sern Paling and Gloucester; thus proving the former
aaéterly extension of the main mass of Gamagara beds,

connecting up with the Klipfontein occurrences,
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Smell inliers, mainly Gamagara quartzites, are
exposed by erosion beneath a cover of overthrusted rock,
immediately west of the trace of the Gamagara thrust
from Beeshoek to Paling. (See sections 7@, 8G and 9G.)

(b) Stratigraphical Relationships.

Mong the eastern slope of the
Gamagara rand, particularly in the vieinity of Paling,
the Gamagara beds are seen to rest with a distinct
unconformity on the Campbell Rand dolomite. South of
Lace's Goat on Doornfontein this unconformity trans-
gresses across the lowermost horizons of the Griquatown
banded ironstones; whioh are intensely brecciated.
From here this relationship persists in a northéeaster-
ly direction, curving round to the north at the Klip-
fontein hills; where the Gamagara beds lie with a sedimen~
tary contact on thicknesses of nearly 100 feet of banded
ironstones, In the vicinity of HH trigonometrical
beacon (map K.),small patches of Gamegara shales are
seen to lie on horizontally disposed banded ironstones,
which are but slightly brecciated.

It is olear; from this field evidence, that the
Gemagars beds were deposited on an erosion surface o
the Transvaal system, which was at that time gently folded.
(See reconstruction of Maremane anticline and sections.)
Furthermore, a study of the detrital material composing
the coarser facies of the Gamagara conglomerates and
quartzites, revealed that all the fragments are trace-
sble to the beds of the Transvaal system as exposed in
the area.

That the Gamagara sediments are actually a facies
0f//een.
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of the lower Matsap beds, is shown by exposures éome
miles to the south, where undoubted Gamagara rocks;
oomplete with basal conglomerate, are seen to pass up-
ward into the lower Matsap sequence. (Observation by
Visser, 385).

Ocourrences of Karroo sediments (Permo-Carboniferous),
in the valley bottoms scoured subsequent to the Post-
Matsap orogenic movements, and Dwyka ice pavements on
Gamagara rocks, (Plate V.) indicate a vast time lag be-
tween the formation of the Gamagara beds and the Dwyka
glaciation at the base of the Karroo sediments, It
seems probable then, that the Gamagara beds, which are

entirely unfossiliferous, are pre-Cambrian in age,

(¢) Petrography of the Gamagara Rocks.

(i) The Conglomerates,

There is no doubt about the
sedimentary nature of this rock, for it is often well
bedded. (Plate I. Fig. 1.) Field evidence shows it
to be a fan;conglomerate composed of locally derived
material; all the fragments having been derived, it
seems, from locally exposed members of the Transvaal
gystem. In fact, much of the material, especially the
predominant banded ironstone fragments, lie on or ad;
jacent to the outcrops from which they came. Naturally,
near the source of the material the conglomerate is of-
ten prominently developed, on Beeshoek and Olynfdntein
attaining thicknesses of 40 to 50 feet,

The beds are subject to rapid variations in thick-~
ness, and were probably deposited on an uneven and
potholed land surface, The thicker the deposits become,
the less distinct the bedding becomes; while the//vess
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the constituent fragments are larger and show little
or no attrition. In fact, some of the deposits lying
on or adjacent to the parent banded ironstone are com-
posed of an agglomeration of platy and angular frag-
ments six inches or more across.

This facies of the Gamagara beds is in all super-
ficial respects similar to present-day scree and fan-
conglomerate deposits filling gullies along the foot of
the banded ironstone hills, There are, however the
following significant differences, In the recent de-
posits pebbles and fragments of the banded jaspers and
even of the Ongeluk lavas are not infrequent, whereas
in the Gamagara deposits jaspers are rarely encountered
and lavas never. On the other hand the latter deposits
contain quartz and chert pebbles from the dolomite,
which the former do not have. These facts are in-~
terpreted to indicate that the relief during pre-Matsap
times was much less than that ruling to-day. The re-
latively prominent hills of Griquatown beds existing to-
day enable material to be rapidly transported from the
interior of the hills, i.e., the jaspers and lavas, to be
debouched on the fringing dolomite flats,

In addition it has been noticed that in the young
deposits the plates and slabs of banded ironstone pre-
serve their laminae unbent and unbroken, while in the
Gamagara beds slabs of comparable shape and size are
oommonly twisted, bent and sometimes broken across,
This effect is aseribed to the deformation resulting
from the consolidation of the material under the enor-
mou; weight of thousands of feet of subsequently de-
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posited Gamagara (Matsap) beds. A large amount of
settling and adjustment must have occurred; judging by
the compactness of the Gamagara conglomerate a; com~
pared to the loose nature of the young screes and gra-
vels. In the Gamagara conglomerate no Blinkklip or

" siliceous breccia has been observed. The significance
of this is discussed at a later stage.

Lateral facies changes in the Gamagara basal con;
glomerate are rapid from point to point. On Beeshoek
and Southern Doornfontein these changes give excellent
clues to the origin of the conglomerate, which thickené
and becomes coarse as soon as the sedimentary contact
gpproanhes and transgresses upon patches of banded iron;
stones or Blinkklip breccia. (See map G.) Away from
these patches where the sedimentary contact lies again;t
dolomite or its associated cherty rocks; the conglomerate
is represented by thin pebble washes, grit; or merely by
ferruginous shales, This arrangement clearly demon;
strates the local origin of the detritus composing the
basal beds, and proves the sedimentary nature of the con-
tact with the dolomite, cherty rocks and banded iron-
étones.

North of Lace's Goat, right up to Bishop; no banded
ironstones are found preserved between the Gamagara beds
and the dolomite., Significantly; nowhere in this area
are great thicknesses of conglomerate developed, and
nowhere is it very coarse, except on the isolated pin-
nacle near the eastern boundary of Gloucester. The
coarse fragments composing this hill have, however, a

nearby source in the adjacent Klipfontein hills.
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On northern Paling, Driehoekspan and Marthas
poort persistent beds of small pebble conglomerates
are developed., They are fairly uniform in thickness
over great lengths of strike, the thickness being
mo st commonly 3 to &5 feet. These facts indicate that
the material was carried some distance and was deposited
as a sheet along a fairly even and level surface. The
pebbles are small, well worn and well graded. In general
the basal conglomerate is poorly developed between
Lace's Goat and Bishop, being often represented by thin
pebble beds only,or occasional grit washes in the
ferruginous shales. (N.B. The distribution of the
banded ironstones (Blinkklip breccia) and the conglo-
merate derived therefrom was strong Supporting evidence
leading to the reconstruction of the pre-Matsap Mare-
mene anticline, see plan,)

In composition the conglomerates are almost entirely
en agglomeration of roﬁnded and sub-rounded banded iron-
gstone fragments. The fragments have, with rare ex-
ceptions, been completely ferruginised, the original
banding being betrayed by the lighter and darker bands
of heematite, Wagner (36) observed a similar banding
in the Crocodile river iron ores, Pebbles of white and
grey cherts, red,brown and banded jaspers, quartz, and
unaltered banded ironstones; have been observed, These
are usually crowded into a local and siliceous facies of
the conglomerate. The usual conglomerate is as a rule
more or less free of such siliceous rocks, apart from

ordinary banded ironstone pebbles, which are more

widespread.
No pebbles of siliceous breccia, Blinkklip breccia
or//vsii,
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or manganese ore have been found. This fact is
regarded as having great significance, since it indi-
cates that these rocks, which are so widespread to-day
both as large masses and as scattered detritus and sur-
face drift, were not in existence when the Matsap sedi-
mentation was initiated. This fact is of great im-
portance when considering the origin of the breccias
and the manganese ore. No pebbles of dolomite or of
Ongeluk lavas were found, but this is probably due to the
fact that these rocks cannot withstand prolonged weathering.
In the coarser conglomerates, the matrix is very

subordinate in amount and consists of films and fillings
of ferruginous clayey matter, mostly terra-cotta or
purplish in colour; in the interstices between the
pebbles, It is occasionally sandy or gritty, and has
more often than not undergone secondary haematitisation,
with some crystallisation of specularite. The smaller
and more rounded the constituent fragments become, the more
abundant the shaly matrix becomes until the rock grades
into a ferruginous shale often containing some gritty
bands of haematite. This tranéition has been observed
both laterally and vertically. Owing to the widespread
ferruginisation; in a former period, of the pebbles, and
later of the matrix as well, by far the greater part of the
conglomerate constitutes an excellent iron ore; (Plate 1.
Fig. 1. Plate IV. Fig, 1, and Plate VI, Figs. 1 and 2.)

An unusual type of conglomerate is found on the high
hills on northern Marthas Poort. It is composed salmost
entirely of siliceous rocks =~ brittle banded and massive

yellow jaspers and banded ironstones from the upper zone
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of the lower Griquatown beds, as well as Ped jaspers
from the Ongeluk lavas, overlying the jaspers. The
beds are not ferruginlsed. They lie as usual below
shales and quartzites of the Geamagara series, and in
part lie on much disturbed ferruginous jaspers belong-
ing to the lower Griquatovm series, Detailed mapping
and cumulative field evidence show that the whole mass
has been thrust over the autochthonous Gamagara quart-
zites lying below and to the east.

The thrust plane runs along the base of the con-
glomerate, and below the assoclated remnants of banded
jaspers. (See centre, section 8t,) Signs of distur-
pance were observed in the conglomerate, pebbles being
sliced in a step-like or sometimes rotational fashion,

The matrix is much slickensided around the pebbles, in-
dicating differential movement within the body. However,
taken as a whole, the conglomerate seems to have offered
remarkable resistance to deformation, in strong contrast
to the ferruginous jaspers and banded ironstones.

From the pebbles in this conglomerate, it is clear
that the material was mainly derived from the upper jas-
pery horizon of the lower Griguatown beds, and the over-
lying lavas. Owing to the nature of the thrust movement,
the allochthonous mass must have migrated some miles from
its original position in the west, bearing these conglome-
rates along, It can be inferred therefore that the un-
conformity at the baée of the Gamagara beds transgressed
over higher horizons of the Griquatown beds in a westerly
direction. This conforms to the reconstruction of the

pre-Matsep Maremane anticline, (See plan,)

(13)//venanes
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(ii) The Shales.

This horizon, which follows the
conglomerate conformably, is thinner but more persistent
than the latter along most of the Gamagara rand. It
seems to have been deposited in deeper water on a level-
led surface owing to the infilling of depressions by
conglomerate. The thickest and most prominent develop-
ment of shales encountered occur on Beeshoek and southern
Doornfontein, but even here they seldom exceed about
30 feet in thickness. In the long stretch northward
to Bishop the thickness varies from about 5 feet to 15
feet. These figures relate to localities relatively
free from teotonic complications.

In the highly folded belt on Marthas Poort, rather
anomalous outcrops of shale are encountered. The
intense folding has resulted in the incompetent shales
being squeezed away from the more or less vertically
disposed limbs of the folds, leaving the conglomerates
and grits abutting against quartzites. In consequence .
large masses of shales, crumpled and phyllitic from the
pressure, are bunched up to form abnormal thicknesses in
synclinal portions of the folds.,

A wide range of colours characterises the Gamagara
shales. Predominantly pink; terra;cotta or mauve, all
tints from pale pink to cream and pure white are en;
countered. The pale colours are the result of the
leaching of the colouring matter, mainly in the form
of finely divided haematite. Some peculiar mottled
effects are produced by patchy leaching. Local or-
namental stone workers utilise pretty pink and cream

striped varieties for gravestones.
The//000~o
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The shales are almost always of a fine texture;
being soft and sectile; giving the appearance of be-
ing hardened impalpebly fine muds., Gritty intercala-
tions are found, On the low hill east of Lace's Goat,
on Beeshoek, and in the outliers found on Klipfontein
and Kapstewel, a gritty quartzite band 3 to 5 feet
thick lies interbedded in the shales, A fine exposure
is found on the hill slope to the left as one enters the
kloof behind Klipfontein homestead. Numerous chert,
quartz; and brown, yellow and red jasper pebbles charac-
terise this beds Very fine pisolitic structures are
found in the shales at some localities, for instance
on Gloucester immediately north of the mine houses; and
on the morth-eastern corner of Lomoteng,  (See analy-
sis 3, Table 12,) The pisolitic facies are as a rule
red to maroon in colour owing to their haematite con-
tent;'which is of ten sufficient to render the shale a
useful iron ore.

The addition of fine quartz particles to the shale
heralds the facies change to the overlying quartzites.
As a rule the transition beds between the shales and
the quartzites consists of a thickness of about 20
feet of red fissile and rather friable quartzite.

At some localities a hard pale fine grained quartzite
occupies this horizon, for instance on the Paling-
Doornfontein boundary.

The pale leached varieties of shale are of great'
interest owing to their unusual composition. (Table 2.)
Their unusually cohesive and yet sectile nature com;
bined with resistance to weathering may make thgm of
value in the economic field. The frequent presence

Of//oooooo
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of laths and stubby orystals of diaspore in the
severely leached varieties, indicates their unusual
composition. (Table 16,) Their richness in alumina
may moke them of value as a éource of this metal.

The following analyses of these highly aluminous
shales are given by Nel; (21, p. 85;)

Table 2.

-{1) (2) (8)
8105 48.5 44,05 4655
0,0, 42.2 41,35 42.6
Fezos OQV 4.8 Oo 5
FeO 0.2 0,3 0.15
MnOg tr tr tr
Cal tr tr 0.35
MgO nil nil nil
KéO Nan0 0.35 0.4 0.35
P205 0.05 0,1 0.1
Hzo“ O.l 0.1 Ool
Ho0 8.35 715 7.15
Total 100.25 100,05 100,05

i) White or gray shale, from Beeshoek.
ii) Red shale, from Beeshoek.
iii) Pale gray shale, from Beeshoek.

Mnalyst: H.G. Weall, F.I.C. Govt, Chem, Laboratories,
Johannesburg,

In these samples, which are unusually rich in
titania; this element is seen to be p?esent in the
form of minute rutile needles., (21.p.35

Dia;pore is prevalent in all the shaly rocks,
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especially where secondary leaching processes have
been active. As & rule, the crystals are fine and in-
visible to the unaided eye. At many localities al-
teration and orystallisation has been so intense that
tabular crystals as much as a centimetre across are
found., The presence of coarse diaspore in the shale
is revealed on the weathered crust of outcrops and
loose fragments as little lumps and rods standing out
in bas-relief. In the kloof behind Klipfontein home;
stead, the central of the three hills on south-western
Klipfontein, on Beeshoek and Olynfontein are the best
localities for such samples.

The shaly matrix in which the diaspore crystals
are embedded is seen to be a dense aggregate of some
flaky minerals. When observed under the mioréscope
under orossed nicols, this aggregate resolves itself
into a predominant strongly double refracting mineral,
and a subordinate weakly doublé refracting mineral.
The proportions naturally vary in different sections
and even in the same section.

The aluminous minerals found in these highly altered
shales are described in chapter VII. In addition to the
leaching and orystallising processes which have re-
;ulted in the assemblage of aluminous minerals, thg
shales have been widely impregnated with manganese,
producing an ore with shaly laminations. Less fre-
quently, éilica has been the replacing material, re-
;ulting in brittle chérty variations. These have
been involved in the brecoiation; as observed on Kap-
s{;ewel; (Mep K.) while the ordinary shales into which
the siliceous varieties grade are intensely puckered.

This//eeees
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This shows that the silicification occurred previous

to the brecciation.

(iii) The Quartzites.

Quartzites are found all
along the western side of the Gamagara rand, where wide
dip slopes are found at some localities, e.g. at
Paling poort and at Lomoteng where prevailing dips
of 12° to 25° to the west are seen. Fronm éouthern
Paling to Lace's Goat, and south of Beeshoek village,
the thrust faulting has cut away most of the quart-
zites. On northern Doornfontein and at Lace's Goat
they are entirely missing for short distances. North
of Paling poort thicknesses up to several hundred feet
have been preserved, either as folded masses as on
Driehoekspan and Marthas Poort, or as simple dip slopes
as on Lomoteng. Outcrops over a mile wide and hills
several hundred feet high are composed of quartzite
along this stretch. They build the main bulk of the
Gamagara rand.

Smaller patches of quartzite are found on the out-
liers of Gamagara beds to the east; while west of the
Gamagara thrust (T.I;) a few small inliers appear.

The predominant colouring of the quartzites is pink

to brown, but hard glassy white varieties and coarse
gritty gray to mauvish types are encountered higher up
in the sequence. The latter compose the quartzite
hills on Nakfontein and Marthas Poort, and are in-
distinguishable from the characteristic Matsap quartzite.

Near the base, just above the shales, a red sandy
thinly bodded quartzitc occurs to a thickness of about

20//cecns
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20 feet. | White finc grained compact varieties,
with the same thin bedding, arc also found along this
horizon. On Klipfontein and Doornfontein a thin
gritty quartzite occurs in the shales. Pebbles of
chert and jaspers are characteristic of this bed.

The quartzites are mainly composed of rounded and
sub-rounded fragments of gray, white and smoky gquartz,
the frequent pink colouring being due to films of
haematite or pink clayey matter. Lenses of grits are
frequent in the quartzites. These contain pebble;
and grits of bright red jaspers, such as are yielded
by weathering from the Ongeluk lavas. Pebbles and
flattish slabs of banded ironstone, jasper, haematite
and chert are also frequent. These originate from the

much older Transvaal system.

(4) The Cataclastic Series.

This is a general term
including all the breccias which are so well represented
in the Postmasburg area. They are grouped in a se-
parate series because they form an important and wide-~
ly spread group of rocks, and, according to the inter-
pretation here laid forth of the evidence, were formed
contemporaneously, mainly as the result of tectonic
movements. (See Chap. IV.B.3.) The terms "cataclas-
tic series" and "siliceous breccia were proposed by my

senior colleague Dr. F.C. Truter.

(a) The Siliceous Breccias.

This term is proposed
to cover all the breccias called by Nel (21) "chert

bPGCCiaS"o The//.....
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The breccias are indeed mainly composed of chert
fragments, but it has been found that loecally other
siliceous material, mainly brecsiated Gamagara quert-
zite, forms part of the breccia. For this reason

the term "siliceous breccia" is more accurate. Later
infiltration by manganese oxides has resulted in the
formation of manganiferous breccias, highly siliceous
"sausage" ore, (Plate III. Fig. 2.) and various grades
of siliceous manganese ore.

It is remarkable, and significant from a genetic
viewpoint, that the breccias always occur together
within the same belt of country. This is {uue of the
siliceous and the "Blinkklip" or shattered banded iron-
stone varieties. The main belt where these brecciated
rocks occur stretches from south and west of Postmas-
burg, past the Townlands, to Doornfontein. From this
farm masses and isolated outcrops are found capping the
irrogular hills and ridges distributed in a great arc
north;eastwards and northwards through Klipfontein and
Kepstewel, (See Key map and Reconstruction of MMaremane
Anticline.)

Mong the Gamagara rand north of Doornfontein
little or no breccia is encountered, the Gamagara beds
lying directly on the dolomite.

Since the brecciaé are more resistant to weathering
than either the Gamagara beds, where these overlie them,
or the underlying dolomite, erosion has left masses of
breccia standing out as prominent hills to form a typi-
cal relict landscape; which is characteristic of.the
dolomite country east of the Gamagarae rand. The
largest known masses of breccia cap the Klipfontein

range//ee.as
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range of hills, (map K.) and the prominent hills
east and north of Beeshoek village. (Map G.)

The siliceous breccia is always found lying on
the dolomite. The junction with the dolomite 1s in-
variably highly irregular. (Sce K. sections.) Thi;
contact always cuts across the gently dipping bedding
planes of the dolomite, into which huge masses of
breccia usually extend, often to a depth as great
as 100 feet, in great pothole;like depressions. A
difference in level in the dolomite-breccia contact
of 200 to 300 feet has been observed within a laterel
distance of half a mile, and that i areas where the
bedding planes of the dolomite are seen to vary little
from the horizontal,

There is little doubt that this effect is due to
subsurface solution of the dolomite, shattered portions
of which are still locolly preserved. That much, if
not all this slumping, occurred after the formation of
the breccia, is shown by the nature of the tumbled~in
masses, where large quantities of dislodged breccia,
residual soil and dislodged fragments of loose chert
lie intermixed beneath the main mass of breccla.

(See Chapter IV.B.3.)

Above the siliceous breccia a covering either of
Blinkklip breccia or less brecciated banded ironstones
occurs. Transgressing Gamagara beds cccasionally cop
the breccias, (see K. Sections) in which case the se=~
diments are themselves highly contorted and disturbed,
the more so where the underlying rocks, the siliceous
and/or Blinkklip breccias are more intensely brecciated.

The// v
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The siliceous breccia varies enormously in
thickness from place to placevwithin short distances,
localities where it is absent bring the Blinkklip
breccia down against the dolomite. Within half a
mile from such localities a development of up to
150 feet thickness of siliceous breccia may be at-
tained, separating the dolomite from the Blinkklip
breccia by this distance. (See K. sections,)

The composition of the siliceous breccia is
variable. The fragments composing it are in the main
chert from the dolomite. Locally, on the other hand,
fragments of other siliceous or silicified rocks make
up a large proportion of the breccia. The amounts
and proportions vary much from place to place. At
some localities the breccia is composed predominantly of
brecciated and contorted Gamagara shales, which had
previously become in part silicified, and thereby ren-
dered brittle. Much of this sort of breccia can be
found flanking the hill a few hundred yards south-west
of Klipfontein homestead. (See evolutionary diagram
of the breccias.) In the main; however, the siliceous
breccia can be termed truthfully a chert breccia.

At other places reddish and brownish Gamagara
quartzite bulk largely in the composition of the brec-
cia. Such types frequently exhibit crush conglomerate
structure; rounded quartzite cobbles being embedded in
a sandy silicified gouge, or cemented by haematite or
manganese oxides, This type was found in the deep
kloof about half a mile east-south-east of Manganore

siding, (Map K.) In the northernmost quarries
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on Klipfontein, situated in an embayment on the
eastern flank of the hills, cherty crush conglome-
rates were found. Rounded and irregular fragments
of gray chert, ranging in size from that of a walnut
down to a pea or smaller, are heterogeneously packed
in a gouge of fine chert fragments and clayey haema-
tite and manganese.

At many localities chips and fragments of banded
ironstones have found their way into the siliceous
breccia, especially in the vicinity of the contact
with the Blinkklip breccia. In fact in this zone of
contact, complete gradations between the siliceous
end Blinkklip breccias have been obscrved. This is
especially true of localities where brecciation has
been most intense, with small patches of banded iron-
stones being involved.

The siliceous breccla is, of course, always more
or less impregnated with manganese oxides, forming
vast quantities of low grade ore. Peculiar mottled
rocks result, (Plate III; Fig. 2.) which are used in the
outerop by miners to locate éayable bodies of ore.

' or where shaly

Such outcrops are then termed "marker,'
and cherty gouge has been impregnated with manganese
and the leached silica forms white patches of quartz
and hyalite as on Beeshoek; the rock is termed
"sausage ore." The nearer completion the process of
leaching and manganisation has progressed, the higher
the grade of the resulting ore. 1In practice ore
with inclusions of chert or ferruginous matter easily

visible to the eye, does not fall within the present

economic grades.
The//oo-o
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The "marker” type of siliceous ore is commoner
than the “sausage ore” type. In much of the manganis-
ed siliceous rock, especially on Doornfontein and Bees-
hoek, white inclusions which are mistakenly thought
to be chert are in reality secondary growths and con-
centrations of siliceous matter chemically deposited.
Irregular blebs and nodules of white or glassy chal-
cedony, and sometimes even botryoidal lumps of clear
hyalite are very frequent. These represent leached
silica precipitated almost in situ. Close study,
especially of gradational types, has shown that much
of this mottled rock, notably in the workings near
Beeshoek village, is not a true breccia at all.

Here it is seen that great thicknesses of shaly gouge,
representing crushed and contorted Gamagara beds,

have undergone intensc metasomatic alteration to their
present form.

The chalcedonic growths show cracks and dis-
placements which indicate small movements, probably
resulting from the widespread slumping into the dolo-
mite, and volume changes in the rock itself consequent
on the intense metasomatic changes.

The origin of the peculiar "sausage ore" can thus
be traced back to a Gamagara shale at favoured locali=
ties. In the Beeshoek quarries all gradations from
éhale with the bedding preserved, to shaly manganised
gouge, 'sausage ore” and manganese ore itself, can
be traced. This leaves no doubt as to the eequence
of the changes. On Beeshoek this rock series can
be traced downward into true siliceous breccia of the
cherty type; lying traditionally against the dolomite.

The//esesees
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The exact boundary between the various gradations
of siliceous breccia is impossible to determine,
owing to their similarity and intimate relationship.
It cen thus be seon that the term "siliceous breccia”
covers a great variely of rock types. It is, to put
it shortly, a brecciated or disturbed siliceous rock
which has often undergone more or less intense metaso-

matic alteration.

(b) The Blinkklip Breccia,

The Blinkklip breccia is dis-
tributed throughout the same area as the siliceous
breccias, with which it is always associated, and
which it normally overlies. In many cases it is
absent owing to erosion, firstly of the parent banded
ironstone in pre;Matsap times, and latterly to post-
Karroo erosion, In the first instance, overlapping
sedimentation of the Gamagara rocks transgressed across
the Blinkklip breccia,thought still to be in pre-Mat-
sap times banded ironstones,to the underlying dolomite-
chert assemblage from which the siliceous breccia has
meinly been derived. This overlapping of the Gama;
gara rocks 1s well illustrated between Beeshoek and
Paling. On the former farm the Gamagara rocks lie
on Blinkklip breccia, (at the time of sedimentation
banded ironstones,) and on the latter farm they lie
on bare dolomite, without any intervening cherty rock.

In some isolated cases siliceous breccia has been
brought to overlie Blinkklip breccia as a result of
inversion by tcctonic movements, ¢.g. about 2 miles
north of Klipfontein homestead. (iep K.)

The// euss
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The Blinkklip breccia is named after the small
hill with a prominent bouldery peak passed by the
railway a few miles north-east of Postmasburg village.
This hill is called locally "Gatkoppie” because of
the cave on its eastern slope., This cave has been
enlarged by ancient workings for specularite. It
is al;;B%%%vlnd?s A;iog) ’;Eeefgefirt%%gr produced by the
spgcularite rich breccia in the sun. Thié hill
was visited by Burchell about 1805, (28, p.6.) and
marked "Sensavan” by him on his map. From the
structures exhibited in this hill Rogers obtained the
idea that the breccia was a slump breccia. (25)

In composition the Blinkklip breccia is far simpler
than the siliceous breccias. It is merely the brec-
ciated equivalent of the basal portion of the lower
Griquatown beds, which are iron rich banded ironstones.
The extent of the brecciation varies from place to
place, ranging from the mere fracturing and puckering
of the banded ironstone, e.g. around H.H. beacon on
Klipfontein, down to a true mylonite so fine that it
has the appearance of a compact burnt brick. This
however, is rare and very local.

The usual Blinkklip breccia consists of a hetero-
geneous conglomeration of all sizes of angular frag-
ments and chips, as well as occasional slabs of banded
ironstone solidly cemented together by silica and
;pecular iron, There is a strong tendency for the
average fragment size to vary between a half inch to
two inches across. The average fragment size of the

siliceous breccia is-much smaller. (Compare Plate 1,

Fig.3.//e..
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Fig.3. and Plate II, Fig. 1.) DNear the contact with
the siliceous breccia a certain amount of gradation
often occurs, resulting in an admixture of cherty
fragments in the Blinkklip.

Cliff sections of the Blinkklip breccia, for in-
stance the prominent cliff immediately north-west of
Klipfontein homestead, clearly show the most intense
brecciation at the base near the contact with the
siliceous breccia. From this point upwards the
breccliation decreases, becoming a jumble of large
displaced blocks separated by brecciation zones.

The disturbance dies away within 100 feet or so into
puckerings and a few lines of shatter. This gradation
from true Blinkklip breccia to banded ironstoncs, some-
what disturbed, is illustrated in the series of sec-
tions depicting the evolution of the breccias.

Where Gamagara beds are preserved on the Blink-
klip breccia (and banded ironstone) they show intense
puckering when found lying on the former, but lie
with mere gentle undulations on the less disturbed
banded ironstones, where their contact is clcarly an
undisturbed unconformity. On the other hand, where
the plane of this unconformity transgresses across the
intensely shattered siliceous breccia; the Gamagara
beds are almost unrecognisable. Fragments thereof
are inextricably mixed into the breccia, and it is
of great interest that at such localities have been
found the richest concentrations of the siliceous fype
of ore,

The great difference in the weathering forms

betweer// oo,
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between the Blinkklip breccia and the constitutionally
identical banded ironstone is noteworthy. The for-
mer weathers into great "tors" like granite, (Plate
I. Fig. 2,) while the latter weathers into low rounded
hills 1like shales. This difference can probably be
ascribed to the changed structure in the Blinkklip
as compared to the parent banded ironstone. Owing to
the heterogeneous distribution of individual chips and
slabs in all azimuths in the Blinkklip breccia, a struc-
ture similar to the distribution of quartz and fels-
pars in granite is obtained, and the rock weathers in
the same way. Exfoliation of large slabs cutting
across the individual fragments is common; thus pro-
ducing the large boulders. Such exfoliated slabs are
wonderfully rigid; ringing like a bell when struck by
a hammer; thus bearing testimony to the completeness
of the re-cementation process by which the individual
fragments have been welded together.

Magnetometer tests over Blinkklip breccia reveal
;ittle or no anomaly, while the original banded iron-
étones produce intense anomalies. (84) Since no
clear signs of oxidation of the magnetite content
could be observed, it is possible that this phenome-
non is due to the heterogensous distribution of the
chips in the rock nullifying each others polarity, and
thus producing a practically neutral rock. In table
13, however; very 1little FeO was observed in the rock,

Cementation of the fragments in the Blinkklip
has been efficient and complete. Practically all
the cavities have been filled by silicified fragmental

matter//e.. ..
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matter, silica, haematite or specular iron.
The latter two cementing media are the most common.
For this recason the breccla is more or less enriched
in iron, some portions more so of course than otheré.
The average ccmposition is fairlyconstant, assays
showing about 50% silica and 50% iron oxides; mainly
haematite, with negligible amounts of other radieles
present.

Because of a fair iron content and the negligible
amount of injurious constituents, the Blinkklip brec-
cia must be regarded as a potential low grade iron
ore. The silica content is in the form of cherty
silica, which should flux far easier than crystal-
line quartz. In the area stretching‘from Olynfon-
tein north-eastwards to Kapstewel; there are hundreds
of millions of toms of this rock. All of-it is in
addition well placed on the tops of moderately stecep
hills which would make for cheap and easy quarrying
and gravity transportation to loading plants. The
grade of the rock, however, makes it an asset be-
longing to the future. It may, however, be mined as
an accessory to the very pure haematitc croz which
cap these hills at several localities. (Sec Chapter
VI. B.)

(5) Tertiary and Recent Deposits.

These cover a wide area but
are shallow and of small importance.

(a) Surface Limestones, or Calcareous
Tufa.

In the higher lying
area to the east of the scarp formed by the//....
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the Gamagara rand, the run-off is fairly steep, and
erosion ecomparatively active, In consequence very
little surface limestone has been formed. Small
patches of calcareous tufa have collected where
dykes have interfered with underground drainage,
esg. on the north-east corner of Gloucester; on
Paling, and east of Lace's Goat on Doornfontein.

West of the Gamagara rand are wide areas of im-
pure surface limestone, cementing gravel and sand,
and largely obseured by sandy drift. None of these
impure deposits are of any economic importance at pre-
sent,

(b) Sands and Gravels.

Because of the general
altitude of the manganese area, over which pasées the
watershed between the Gamagara and Matsap drainage
systems, large accumulations of sands and gravels
have not been able to gather.

Surrounding the Klipfontein hills, and filling
the valley bottoms between them, are shallow grass;
grown accumulations of pink Kalahari sand. (Map K.)
On the hill slopes shallow alluvial and eluvial de-
posits of gravel have accumulated, filling irregular
cavities and solution hollows in the dolomite, ob-
seuring the karst topography. These gravels are
manganese bearing, containing a varying percentage of
pebbles, cobbles and boulders of manganese ore.  The
manganiferous gravels are restricted to the western
slopes of the Klipfontein hills, and the eastern slopes
of the Gamagara rand.

The//eeese
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The mass of the fragments in the Zastern belt
gravels are sub-rounded and irregular pieces of
siliceous and Blinkklip breccias, chert and haematite.
In the vicinity of haematite outerops on the hills,
these gravels contain an increasing quantity of haema-
tite cobbles, in many cases outnumbering the fragments
of other rock types. Since these gravels are often
15 or more feet thick, and occur over wide areas, the
quantity of high;grade haematite contained in them must
be considerable, and mining will be very cheap and
easy. The grade of ore produced would be a hard cry-
stalline haematite of 65% Fe., with a probable average
of 68% to 69% Fe. (See Chapter VI. B.5.)

Along the western foot of the Gamagara rand are
large accumulations of pink windblown sand, especial-
ly on the sheltered flats on Marthas Poort. Some of
this sand may possibly be useful for castings, owing
to its even texture resulting from wind sorting.

The manganiferous gravels on the eastern slopes are
composed of pebbles of manganese and haematite with
more or less soil filling the karst hollows in the
dolomite.

(6) Igneous Intrusions.

In the area covered by
the accompanying maps, intrusive igneous rocks are
very sparéely represented, being restricted to a few
thin dykes of baéic composition, and Kimberlitig
pipeé. ?here seems to be no doubt that igneous
rock haé had no part in the formation or crystallisa~

tion of the manganese ores. (21.p.82.)

(a) Dykes.//eeses
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(a) Dykes.

Numorous thin dykes are found to
criss cross the dolomite area east of the Gamagara
rand, which forms part of the core of the Maremane
anticline, (See Chapter III, A.) This anticlinal
core is formed of well jointed dolomite, and seemed
to yleld a relatively easy passage for the emplacement
of igneous material.

By far the greater number of dykes trend in a di-
rection a few degrees east of north, while several bran-
ching dykes follow an east-west direction; for instance
on the eastern portion of Gloucester. Locally, a
direction north-east by south-west is followed.

The main dykes falling within the confines of the
meps are the composite one rumnning parallel with, and
east of, the Gamagora rand, and the powerful dyke
running north-north-east through Klipfontein.

This dyke has been followed from the Pbstmaéburg
Dopper Church, northwards for a distance exceeding
30 miles.

The composite dyke east of the Gamagara rand is
interesting from the point of view of its mode of
emplacement, since it repeatedly divides and re;uni~
teé. The outerops can be easily followed, and are
for the most part covered by an outstanding ridge of
accumulated caloareous tufa, which has resulted by
transpiration of ground water from the weathered water-
bearing dyke material beneath, These ridges of
calcareous tufa are utilised as the sites for local

roads in order to avoid the rough dolomite karst,

and//eeees
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and to connect the various farms, which are
nearly always situated on such dykes, whonca the lo=
cal water supplies are drawn, for the most part from
wells.,

It is possible that the composite dyke oast
of the Gamagara rand, and the Klipfontein dyke,
follow the sites of rolaxation faults of the normal
type, subsequent to the relief of the intense pres-
sure accompanying the thrust faulting. No definite
evidence could be obtained. If such be the case,
the triangular blocks of dolomite between dykes
following different directions, between parallel
dykes, and the lons-shaped maéses surrounded by
branches of the composite Gamagara dyke, are dovnfaul-
ted blocks or small "graben" of dolomite,

It seems that the dykes are all contemporaneous,
since, though no definite contacts were observed, they
seem to flow into each other where two or more con-
verge. The dykes are important from the point of
view of underground water supplies, sinco, especially
where weathering has been deop, weal to moderate but
constant supplies are obtainable at relatively shal-
low depths, of from 40 to 50 foet, 1In the dolomite
away from the dykes search for water is a risky
procedure. So strongly do the dykes interfere with
the circulation of underground water that at many
localities springs arc brought into being, as for
instance on Doornfontein cast of Lace'é Goat.

Such shallow accumulations of Water.are well shown
in the area by the accumulation of calcareous tufa

on the surface.
The//eees
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The dykes are all doloritic in character, but
have & falr veriation in composition from plasce to
place. For instance varieties fairly rich in
olivine and orthorhobbioc pyroxene can be con-

trasted with syenitic variations, the latter se-

gregating near the centres of unusually broad dykes,
i.e. where they exceed about 100 feet across the out-
crop. The average width of the dykes varies from
10 feet or less to 50 feet.

At one locality a thin vein, 6 inches across, of
a finegrained leucocratic soda granite was observed.

The texture is a fine mosaic of quartz and albite-
oligooclase, with a few scatterd augite individuals.

The latter exhibit reaction rims consisting of sheafs

of amphibole, which was determined to be a hornblende
weakly pleochroic in pale yellow and green. Grano-

phyric quartzfelspar textures are found in subordi-

nate amount. At another locality a highly altered

dolerite from a thin dyke was seen to be shot with
fine cubes of pyrite., No other evidences of minera-
lisation were observed; while metamorphic effects on
the surrounding rock are very weak,

Near the north-eastern corner of the farm
Gloucester a well was sunk on a dyke; which proved to
be too solid to be water bearing., A thin section
revealed it to be composed of an intergrowth of
labradorite felspar with monoclinic and some orthor-
hombic pyroxene, in a sub-ophitic manner. Many
;mall rounded and resorbed crystals of a mediumly iron

olivine were scattered about in the rock.

The//eceeses
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The optical properties reveal that the ¢lino-
pyroxene has pigeonitic affinities, with 2 V gamma =
4Q° and gamma / C = 40°.
The ortho-pyroxene is a hypersthene with 2 V alpha =
62°, i,e. with about 567 MgSiO3.  The plagioclase is
normally zoned andesine to oligoclase, with 45% down
to 20% An. The olivines were too small to determine
accurately.

The following analysis bears out the basie nature
of this rock, which is seen in addition to contain small

amounts of chrome, phosphate and titania:

Table 3.
Radicles. Lab. ﬁo. P.8508.
Si0g 48,73
Norm values calculated
A1203 9.58 from this analysis:
Fezo3 3.83 Orthoclase 2.78
: Albite 15,20
FeO 9.05 Anorthite 16,69
fs 2.24
MnO 0.40 Diopside (en 6.42
o 9.4}
MgO 13.77
fs
Ca0 8.05 Hypersthene 8.31
o 181 en 23.49
.8
Kéo 0.46 Olivine
fo 3.10
Magnetite S+ 56
Zr02 0.00 Chromite 0,45
Pe0 0.12 Ilmenite g.%z
. Apatite .
275 Ho0 3.05
HZO 2,90 Total 100,88
H20- 0.186
Total 100,16

Analyst: C,J. v.d. Walt, Division of Chemieal Services//.
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(b) Kimberlite Pipes.

A small pipe was found
about half a mile to the southéwest of the prominent
Tigerkop, immediately north of Kapstewel on the farm
Thaakweneng. The Kimberlite is very weathered, and
is ric@ in micaceous element; of a phlogopitic type.
A few small garnets and ilmenites were observed.

Near the northern boundary of the farm Doornput,
which adjoins Klipfontein to the south, a small Kim;
berlite pipe was found during mining operations for
manganese, which was proceeding in the siliceous brec-
cia on the southern slopes of the hill across which
the boundary fence passes. As usual the Kimberlitic
material is deeply weathered into a frisble greenish-
yellow mass in which are scattered numerous mica
flakes. It is reported that on being washed, a few
smell diamonds were found. Apart from small limestone
inclusions derived from the dolomite, some inclusioné
of a very fine-grained greenish quartzite were found.
?his is totally unlike any of the Gamagara or Mat-
sap quartzites found in the area, and it is surmised
that it may have come from the Black reef quartzites
which underlie the dolomite.

Diamonds have been reported from Paling as
well, Less than half a mile to the north;west of
Paling poort lies a low rounded outcrop of dolomite,
which belongs to the allochthonous thrust block,
heaved along the Gamagara thrust fault, (T.l,) over
the Gamagara quartzites adjacent., Boreholes sunk

for//....
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sunk for water in this dolomite mass are reported
to have encountered Kimberlitic material which i;
stated to have yielded a few tiny diamonds.

1t is probable that many Kimberlite pipes,
possibly large ones, remain to be discovered in the

area, for the large areas of sand would obscure the

easlly weathered Kimberlite, which is discovered

only in favourably exposed areas.
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CHAPTER 111,

Probable pre-Matsap Topography and Conditions of

Matsap Sedimentation.

This section deals with the probable distribution
and disposition of the older rocks, which provided the
debris now composing the Gamagara beds in pre-Matsap times;
the distribution of the Gamagara rocks, and the probable
conditions under which the basal members of these beds were
deposited, These deductions are based on the facts to
hand, embodied in the previous chapter, and in turn inferen-~
ces are drawn with regard to the heave of the thrust faults,
described in the subsequent section.

(A) Distribution and Disposition of the Older Rocks.

There seems to be no doubt about the existence in
pre-Matsep times of Rogers' Maremane anticline, affecting
the rocks of the Transvaal system. (25) This anticline
seems to have been very gentle, with a major north-south
axis approximately along the present site of the Gamagara
rand, with a second minor anticline to the southwest from
Wolhaarkop to Aucampsrust, joined to the main anticline
by intervening saddle syncline, and with a major axis
parallel to that of the main anticline. This minor area
does not concern us here. (See key plan of maps.) In
considering the problem, only the main anticline is taken
account of, according to the reconstruction of this, the
Meremane anticline, as 1llustrated in the accompanying dia-
gram,

About the time sedimentation of the Gamagara rocks was
initiated, erosion of the Transvaal system had progressed
;o far as to lay bare the upper horizons of the dolomite in

the cores of the anticlines. This dolomite seems t0//s«.
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to have formed a somewhat potholed plain fringed in
concentric fashion by low hills of the Pretoria series,
(o.f. 34, p. 52,) the higher members forming the outer
rings. The innermost eminences of this concentric hill

system were without doubt composed of the resistant rocks
of the lowermost portion of the lower Griquatown stage =--
the highly ferruginous banded ironstones, The low dip of
these rocks undoubtedly resulted in the formation of out-

liers of this rock on the dolomite adjacent to the main
body of banded ironstones. These outliers would be dis-
posed sub~horizontally, and being resistant cappings lying

on a relatively soluble rock like dolomite, it is quite

probable that a certain amount of sub-surface solution of
the underlying dolomite took place, resulting in the sag-
ging in of the banded ironstones into the hollows, as
shown in the diagram illustrating the first stage of the
evolution of the breccias.

To the east of this central outlier-dotted, or pro-

bably more correctly, outlier-fringed plain, the banded
ironstones and higher members of the Pretorie series dip=
ped eway at a low angle to the east, composing the eastern

limb of the Maremane anticline, much as it is exposed to-
day, except that by erosion the edge of the banded iron-
stones have retreated about 5 miles further east. The
western limb of the Maremane anticline, subsequently so dis-
torted by the thrust faulting, probably reproduced the same
arrangement, with the rocks dipping et low angles to the

west. (C.F, evidence of conglomerate on Japies Rust.)
(B) Distribution and Disposition of the Younger Rocks,

The hills of older rock described above yielded much
debris composed of the more ferruginous part of the banded
ironstones, owing to their superior resistance to weathering,
 This debris would have collected about the lower hill

slopes and adjacent dolomite flats as irregular beds of

conglomerate, while further afield on the dolomite plain,

grit washes, and finally, ferruginous muds were depo sited.
On a smail scale, it seems that this is a parallel

With//uo X
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with the well known fact elucidated in the Alps and men-
tioned by Jas. Geikie (15) that the coarser detritus
was deposited near the source of the material, i.e. near
the land remnants bordering the plain of sedimentation,

In the Postmasburg area the resistant banded ironstones
would compose such land remnants, while the plain of sedi-
mentation was mainly underlain by the easily weathered
dolomite core.

With the levelling effect on the topography resul-
ting from this deposition, a more continuous blanket of
muds was deposited and finally sands and siliceous grits
brought from further afield. This was the sequence of
sedimentation of the Gamagara rocks as revealed by their
distribution, composition and texture.

The present achlike distribution of the coarser fer-
ruginous conglomerate forming the base of the Gamagara se=-
ries, and the massos and remnants of banded ironstones,
now mostly brecciated, so closely associated with the con-
glomerates, indicate the situation of the banded ironstoncs
composing the eastern limb of the Maremane anticline; as 1t
was in pre-Matsap times. From this it is clear that the
hills of banded ironstones then bordering the dolomite plain
stretched from the northern end of the Gamagara rand, via
Klipfontein and Pensfontein, to Beeshoek at the southern end
of the Gamagara rand, forming a symmetrical arc. (See re-
construction of the Maremane anticline). The Gamagara
rand joins the ends of this arc in a straight northsouth
line, An east-west line joining Klipfontein to Marthas
Poort is the symmetry axis of this bow-like arrangement.

To summarise the above, it may be said that the arc of

the bow, coinciding with the distribution of the Gamagara
basal//...O....
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basal conglomerate and parent banded ironstones, marks the
former edge of the banded ironstone hills on the eastern limb
of the Maremane anticline, while the north-south line oc-
cupied by the Gamagara rand, the string of the bow, ap-
parently coincides roughly with the axis of the old Maremane
anticline.

When studied in detail, the conglomerates are seen to
fill embeyments and hollows in the banded ironstone masses,
and to dip at gentle angles away from these. At many pla-
ces the conglomerates and shales appear to have a disconform-
able relation with the underlying banded ironstones and dolo-
mite, indicating that these rocks were then disposed in po-
sitions not far from horizontal.

A study of the size distribution of the pebbles in the
conglomerates on Bishop, indicated that the material was de-
posited in "runs" trending north-west by south-cast. The
tailing off in size of the pebbles towards the north-west
shows that the material was derived from the south-east, i.e.
from the direction of the Klipfontein hills. This conforms
to the idea that the banded ironstones capping these hills
were in pre-Matsap times eminences bordering the dolomite
plain, and that from these hills the conglomerates were de-
rived. (34.p.28.)

From this we may infer that the detritus which went to
form the Gamagara rocks was in general carried from reglons
to the east, in a westerly direction., The beds thus laid
down must then have posessed a small sedimentary dip to the
west, according to Twenhofel. (Sedimentary Petrography).

This westerly dip of the Gamagara rocks has been accentuated
by the post-Matsap earth movements, but even to-day the dip
is <Tten low, (CY//eereenns
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(C) Gopdilions of Sedimantation,

It is clesar from the distribution of the ma-
terial that it was for the most part locally derived, a
fact attested to by the small amount of attrition suffered
by the fragments,, by the close association between the
conglomerates and the parent banded ironstones,, and by the
rapid thinning of the conglomerate beds and concomitant
rounding and decrease in size of the pebbles, as one pro-
ceeds away from banded ironstone remnants towards the centre
of the dolomite peneplain,

The material was apparently moved into a broad shal-
low basin by locel streams. At the commencement of deposi-
tion at any rate, it seems that large streams with great
carrying power were absent, Weak local drainages seemed
to have deboushed into quiet shallow waters., That the wa-
ters were quiet and -shalleow, or agitated by weak conflicting
currents, is shown by the occurence of coarse pisolitic
structures in the shales, These are encountered at inter-
vels along the whole length of the Gamagara rand.

The prevailing red colour of the unaltered shales, and
the pink; red or purple colour of the quartzites, leads to
the belief that the climate at the time was warm and relative-
ly dr&, resulting in thorough oxidation of the iron. The
absence of anything resembling a tillite in these rocks con-
firms this view,

Mach speculation has been caused by the unusual composi-
tion of the shales, Their abnormel richness in alumina
must have originated partly during this period € deposi-

tion. Prolonged weathering of dolomite leaves highly
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aluminous residues, (39) while aluminous muds probably
impregnated with sulphates, could have come from the Onge-
luk lavas, which bear sulphides, The dolomite has lo=
cally been proved to contain chlorine and flucpine, (Chap-
ter II, B.l.) as also have the Gamagara shales. This
is another reason for considering that weathered dolomite

provided the bulk of the material to form the shales.

CHAPTER IV.

Tectonics,
(A) The Structures.
(1) General.

The main tectonic features of the area
are the great thrust faults running parallel with the
strike of the Gamagara rand, and to the west of it. These
are low angle thrusts, evidenced by their sinuous trace
aé revealed by erosion in transverse gullies and valleys,
especially on Marthas Poort and Jepies Rust. On these
farms occur isolated allochthonous blocks left by erosion,
which ha; expoéed & sinuous thrust plane running around the
periphery of the loose masses. (See Map G,)

Sections exposed in gullies show that éhe fault
plenes are now undulose, (Plate II, Fig. 2.) no doubt
as a result of continued pressure subsequent to the
formation of the breaks., In general the average dip
of the fault planes along the Gamagera rand is about
12° to the west.

Assooiated with the faults are numerous structures
such as folds of many types, breccias, shear planes,
slickensides and minor faults, By far the most intricate

folding is to be seen on southern Marthas Poort.(Plate II.
Fig.gc) (2)//0-.0-0
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(2).Thd Faulting.
This is best followed by referring to the

sections accompanying the maps. These sections are largely
self-explanatory. Two main thrust faults can be traced
within the confines of map G, where they are clearly marked
and designated T.l. and T.2, or the older and younger Gama-
gara thrusts respectively. To differentiate, the younger
or upper break has been named the Vlakfontein thrust; since
it traverses the farm Vlakfontein north-west of Paling, and
the older or lower break has been named the Gamagara thrust,
since it so closely follows the western edge & the Gamaga-
ra rand. They will be referred to for brevity as T.l. (the
Gamagara thrust) and T.2. (the Vlakfontein thrust.)

T;l. was dofinitely traced along the northern half of
the Gamagara rand, where it is in places complex; dividing
into at least two separate breaks, In this area, which
is to the nérth o the accompanying map G, the trace £ T.l.
has been clearly marked on the maps accompanying the latest
Geological Survey publication on the area.(34). Here
and there traces of T.2. appeared in this northern sector
but this break could only be definitely followed within map
G., on account of the better exposures encountered along
the southern half of the Gamagara rand.

The sections accompanying the maps will now be re-
ferred to, Section I.G. porirays the trace € T.l. wherec
beautifully exposed in the south;western corner of the
farm Lohathla, and the adjoining south-eastern corner of the
farm Lomoteng. This section appears on Plate II. Fig.2.

where it is exposed in a transverse valley. Here the

upper//e.eeses

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



upper jaspery portions of the lower Griquatown series
rest apparently conformably on the Gamagara quartzites.
The former rocks, which are ferruginous and show up black
in the field, are greatly disturbed, being throughout
slickensided and fractured. On the other hand the underé
lying quartzites bear little evidence of disturbance.
This fact conforms to the observations of Cooper (8) who
found that the autochthonous beds undcrlying the thrust
planes are relatively little disturbed when compared to
the alochthonous masses above, Dake (9) also found the
zone of crush breccia to be notably thin at mes t points,
and sometimes absent, along a thrust plane involving a
heave of about 22 miles. It might be stressed here that
the extensive siliceous and Blinkklip breccias in the ares
are not regarded as lying along a thrust plane; but are a
subsid iary effect of the mighty earth movements owing to
a special combination of circumstances. (See Chapter IV.B,3.)
Neer the thrust plane depicted on Plate 1I., Fig. 2.,
the quartzites (autochthonous beds) are somewhat slicken-
sided and contorted close to the thrust plane, while
pebbles in conglomerate bands are sliced across as if
with a knife. A small distance to the south however,
at Bos beacon, which is common to the farms Lomoteng,
Lohathla, Japies Rust and Gloucester, the quartzites are
intensely fractured in the same manner as the Griguatown
beds., At this point in the thrust plane a twist in the
plane caused a certain amount of bunching in the quart-
zites, hence the disturbance.
About a mile north of section I.G. it is seen that the
plane of T,1. transgresses to higher horigons across the

lower//eeeves
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lower Griquatown series, and transgresses deeper through the
Gamagara sequence, thus bringing remnants of tillite to lie
across the basal beds of the Gamagara serieé, coming in
places to lie on the dolomite itself, This fact gives

some clue as to the heave of the thrust. Referring to the
plan poriraying the pre-Matsap Maremane anticline as re-
constructed, it is seen that to bring the tillite to lie on
the dolomite on Lohathla, near the middle of the Gamagara rand,
T.I. must necessarily have a heave at this locality of a
minimum of 8 to 10 miles. Moreover, 2,500 feet of the lower
Griquatown series has been eliminated by the fault, presum-
ably by the progressive forward movement of the higher ho-
rizons over the lower, which remained behind as a result of
friction.

Section 2.G. portrays how the trace of T.I. appears
immediately to the west of the Gloucester manganese mines,
at the base of consplcuous red cliffs of shattered banded
ironstones and jaspers. These c¢liffs and bouldery masses
are striking landmarks when viewed from the vicinity of the
menganese quarries.

On the upper dip slopes of the mountain are infolded
masses of Gamagara rocks resting with a sedimentary contact
on the lower Griquatown beds, which are above the trace o
T.I. and therefore alochthonous. The Gamagara rocks are
complete, even to a basal conglomerate composed mainly of
ferruginous jasper pebbles. (c.f. Chapter II. B.3.i.)

Having been heaved many miles from the west, this relation-
ship is additional evid:nce as to the essential correctness
of the reconstruction of the Maremane anticline, before
mentioned, where Gamagars sediments are shown to have

had a sedimentary transgression across successively//.....
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successively higher members of the Griquatown series
which completed the western limb of the Maremane anticline.
On this same section, the plane of T.2, appears at the

foot of the mountain to the west, where tillite and Ongeluk
lavas have been thrust over alochthonous Gamagara beds.
These have themselves been heaved several miles from the
west, riding along on a sheet of jaspers.

Section 3.G. depicts what is by far the meet interes-
ting and instructive portion of the Gamagara rand from a
tectonic point of view. During mapping neither head nor
tail could be made of the jumble € rock masses. However,
on plotting the extent of each rock mass carefully, and
drewing them in faithfully according to the contours o the
section;‘it wes seen that the younger T.2, thrust had ac-
tually interfered with the plane of the older T.I. thrust.
Apparently after the relief of pressure afforded by the
foo mation of T.l., renewed pressure threw the plane of T.l.
into folds, and when the accumulating pressure reached
breaking point, a new break, T.2., formed above T.l., trunca-
ting an anticlinal arch formed by the plane of T.1.

Continued pressure subesquent on the formation of T.2.
caused numbers of small high angle reverse faults of small
throw to branch from the plane of T.2., as well as throw-
ing the plane of T.2., into undulations. Whether these
small breaks were actually formed subsequent to the formation
of the T.2., break, or previous to it, it is not possible
to tell. Cadell (4) made interesting observations in this
connection. In his experiments he found that small re-
verse faults pile up material in the form of imbricate
structure, thus increasing the resistance, and that the mass

then broke more or less horizontally in a low angle thrust//...
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thrust or "sole" across or below the imbricate pile.

4The crushed and slickensided banded ironstones along
the planes  these small reverse faults have been
heavily ferruginised, resulting in the formation of small
lenses of high grade haematite ore.

Chamberlin and Miller (5) say that the common re-
verse fault is defined by displacement along planes
neighbouring 45° or a little less, and is confined to
more limited movement along the planes. These small breaks
fall under this class. They state in addition that the
great overthrusts in contrast slide along planes that
approach horizontality, and involve displacements of as=
tonishing magnitude., This is in conformity with the na-
ture of the T.l. and T.2. breaks. Visser (35) has evi-
dence to the west of map G. that the plane of T.2, there
exposed, often approaches horizontality.

It should be mentioned that in section 3.G., as in
section 2.G., it was found that the jaspers which moved
forward along the plane of T.l, are overlain by Gamagara
rocks which rest on the jaspers with a sedimentary con-
tect., The Gamagara basal conglomerate, here very well
developed, is composed of predominantly siliceous pebbles
of banded jasper, again showing that to the west Gamagara
beds were deposited on higher and more siliceous horizons
of the Griquatown series, as portrayed in the plan and sec-
tions of the reconstructed Maremane anticline,

In consequence of their siliceous nature, these con-
glomerates do not constitute iron ore. However, lying

adjacent to a major thrust plane, an interesting study is
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afforded of the tectonic effects on the conglomerate.
The conglomerate as a whole seems but slightly distﬁrbed,
but individual pebbles are sliced in sﬁep~like and rota-
?ional fashion, while the surrounding clayey matrix is
scored and slickensided.

On sections 4.G., 5.G. and 6.G. the thrust faults
T.1l. and T.2. can clearly be traced by means of the sur-
rounding rock formations, there being a sufficiency of out-
crops, although the actual traces of the faults are ob-
scured by the sand and scree fillings in the valleys. The
traces of the faults usually follow the valleys, apparent-
ly because such disturbed zones were more easily eroded.

The plane of T.1l. seems to steepen considerably along
the western flank of the Gamagara rand, which here form;
a definite escarpment, the foundation of which is a solid
massif of dolomite. Much of the pressure was dissipated by
the creeping, crumpling and intense folding of the less
competent Gamagara beds on and over this solid dolomite
foreland. (See Chapter IV. A.83.) The resistance of this
block has apparently caused the local steepening in the
dip of the fault plane, which can at these places be more
accurately termed a reverse fault, since the fault plane
dips in the neighbourhood of 45° westwards. To the west
and east of this restricted area the fault plane again flat-
tens out to its usual 10° to 12° dip westwards, or even ap-
proaches horizontality.

Chamberlin and Miller (5) give numerous examples of
thrust faults in which the plane of the fracture varies
from 5° to 25° in dip, steeper angles being ascribed to

later//eee..
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later warping.

This may be the case here, Many of the thrust faults
mentioned by Chamberlin and Miller have been traced for
distances of up to 270 miles laterally, while the rock dis-
placements are alwéys large, being measurable in miles,
These Postmasburg thrust faults have not been completely
traced; and in any case their northern extension has been
covered up by Kalahari sand. In this direction however,
there is evidence that they extend at least as far as
Black rock, west of Kuruman, and about 90 miles north of
Lohathla, To the south they have been traced by Visser
(385) for approximately an equal distance; thus the hori-
zontal trace of these faults can be traced for a distance
of between 150 and 200 miles, and the heave € only the
lower and oldest plane is about 10 miles at least. This
series of thrust faults must therefore rank amongst the
worlds greatest dislocations of this type.

It is noteworthy that from the locality across which
sections 4,G,, 5.G. and 6.G., have been drawn, the faulting
has brought dolomite‘up against and over the Gamagara quart-
ziteg. It is this relationship on Paling which Rogers
noted, and caused him to conclude that faulting had taken
place here. This he named the "Paling foult." (25) The
relationship can be well seen where Paling poort debouches
on the sandy flats., A well developed mass of Gamagara quart;
zites is seen to dip at a low angle beneath the dolomite to
the west, although the Gamagara beds are clecrly seen to lie
unconformably on the dolomite half a mile to the oast at
the top end of Paling poort. It should be stated that there
is only one doclomite formation in the &re#.

Another//.....
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Another feature encountered in this area, and portrayed

on sections 4,G,, 5.G, and 6.G.,, in each case to the

west of the Gamagara rand, are prominent hills of highly
disturbed Gamagara quartzites, resting on the fractured
sheet of alochthonous dolomite west of the Gamagara rand.
The relation between the quartzite and underlying dolomite
is on these grounds apparently a sedimentary one, when com~
pared to the infolded portions of Gamegara beds lying on the
alochthonous jaspers of the Transvaal system seen in sec-
tions 2.G. and 3,G. However, the absence of the basal beds
below the quartzites suggests the possibility of the pre-
sence of a fault plane at this place. It seems unlikely that
the trace of either T.l. or T.2. passes beneath this quart-
zite, according to the relationship of the other rocks, and
the course of the traces of T.1, and T.2, For this reason
it is thought most possible that the postulated plane of dis-
turbance beneath these loose masses of quartzite be an ear=
lier and lower branch of T.2., as dopicted in sections 4.G.,
5.G. and 6,G. If this be so, then the T.2. break must
later have branched and cut across a higher plane bringing
Ongeluk lavas to lie against these quartzites to the west.
This break is the true T.2., the lower one, if it exists,
being a branch of T.2.

Section 7.G. on Paling is relatively simple, In this
section only the plane of T.l. appears. However, a window
of shattered Gamagara quartzites showing through the highly
disturbed mass of alochthonous dolomite gives evidence o
the highly undulose nature of the thrust plane. Here, as

at other localities, the moving mass of rock above the thrust
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plane is seen to have undergone far more shattering and
disturbance than the underlying antochthonous mass. In
this section; an outlier of siliceous breccia capped by
disturbed Gamagara shales, appears to the east, heralding
the approach to the top of the dolomite series as exposed
in the old Maremane anticline, Thé appearance of si-
liceous breccia is the forerunner of the appearance of
brecciated banded ironstones or Blinkklip breccia., This
sequence is to be expected, for the banded ironstones follow
the chertrich dolomite in normal sedimentary sequence.

Section 8;G. on Doornfontein heralds the close approash
of the two thrust planes, T.l. and T.2., which is a feature
of the southern portion of the Gamagara rand. lHere again,
the later T.2. has interfered to a slight degree with T.l.,
which haé at this point an unknown amount of heave; since
dolomite is thrust over Gamagara beds; T.2. on the other
hand has brought tillite and Ongeluk lavas to lie on the
previously moved mass of dolomite brought up along T.l.
T.2. has here therefore, like T.l. on Lohathla, eliminated
about 2;500 feet of lower Griquatown beds in the course of
its movement; and apparently its heave is of a similar order
of magnitude, It seems that on proceeding southwards T.Z2. .
gains in importance as the main break with the greatest heave,
while T,1, decreaées in magnitude. To the north the reverse
order obtains; .

On Doornfontein thick masses of siliceous breccia appear
on the dolomite, overlain by small discontinuous cakes of
Blinkklip breccia. Section 9.G. shows the relationship

these rocks have with the underlying dolomite and overlying
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Gamagars beds. On this section T,l. only appears, and the
undulose nature of the thrust plane is again illustrated.
?.2, appears further to the west, beyond the limits of the
section.

An interesting feature in this section is provided by
the tall hill to the east, where a thick mass of highly
ferruginous conglomerate of the Gamagara series is peartly
infolded in the siliceous breccia, as a result of local over-
folding from the west.

Section 10.G. is drawn across the site of Beeshock
village. The positions of the traces of T.l. and T.2. is
uncertain owing to a thick cover of surface drift and
calcareous tufa, It may be that the traces of T.1l. and
T.2. actually coalesce, for some distance to the southward, -
beyond the confines of map G., one large break only is found,
which has been followed by Mr, D;J.L. Visser (85) almost as
far as the Orange river, where it dies away.

The Gamagara beds on Beeshoek show a strong develop-
ment of basal conglomerate, as a result of the great amount
of banded ironstone present. The presence of thick and
almost continuous masses of this rock, shows that at this lo-
cality the dolomite of the Maremane anticline had disappear-
ed beneath the arc of banded ironstones, swinging south;
westwards from Klipfontein, and composing the southern por-
tion of the eastern limb of the anticline,

Boreholes for water south and west of Beeshee k village,
pierced unusually thick beds of Gamagara shales, which are
strongly dcveloped at this locality.

Apart from the powerful thrust faulting encountered in

the area, very little faulting of other types is encountered.
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Qn the north-western corner of tho farm Drichoekspan
small tear faults are encountered. These have been
formed subsequent to the intense folding of the beds,
which are offset small distonces in a south;east di-
rection. The small reverse faults encountered on
Marthas Poort have already been dealt with in describing
section 3.G.

(8) Folding and Distortion.

In view of the powerful thrust
faulting whioh has affected the area, folding and dis-
tortion seems relatively unimportant, especially to the
east of the Gamegara rand. For the most part The autoch-
thonous beds beneath the thrust planes are thrown into
gentle folds. The greatest disturbances are represented
by shattering and olosely spaced slickensiding. However,
along the central part of the map, from the farm Japies
Rust down to Paling, folding almost Alpine in intensity is
encountered. (See Plate II, Fig. 3.)

On Marthas Poort and northern Paling, across which
sections 4,G., 5.G. and 6.G. have becen dravm, much of the
pressure was relieved by intense folding, This belt of
folding can be seen on map G. to be arcuate in shape and
concave towards the west, clearly indicating that the
pressure originated from this quarter. In fact, as re-
gards the regional tectonics, the focus of the tectonie
forces seems to have been concentrated in this arca. The
deepest point in the wide Langeberg arc to the west (35)
lies opposite this part of the Gamagara rand, while to the
east on the same line, lies the central portion of the arc
of breccia hills on Kapstewel and Klipfontein, exhibiting

likewise the maximum amount of brecciation.
The//'.'..
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The line connecting these points of maximum pressure and
disturbance in the Langoberg; the Gamagars rand; and the
Klipfontein hills 18 not due west to east; but is inclined
a few degrees north of east., The similapity of the a-
lignment of the Gomagars rand and the Klipfontein hills to
a bow has already been drawn., Thls line of maximum pres;
sure would coincide with the arrow, which, correctly placed,
would coincide with the common line of maximum deformation,
This fact is additional evidence that the post-Matsap de-
formations and the brecciation are contemporaneous, and the
result of the same tectonic disturbance.

The folding in this greatly deformed seotor of the
Gamagara rand is portrayed in sections 4.G., 5.G.and 6.G.

The folds are for the most part symmetrical closed folds.
(38.pp.61,62. and Plate II, Fig,3.) Some of the folds con-
tinue with remarkable persistence, erosion exposing long
narrow outcrops of squeezed ferruginous core composed o
Gamagare basal beds. Most of them, however, are distinctly
canoe shaped, and are arranged on eshelon, Canoe shaped
anticlines are connected by saddle synclines, “here an an-
ticline dies away, another commences diagonally beyond a con-
necting saddle syncline in a rythmic pattern. These struc-
tures are all on a relatively small soale,'as can be seen on
map G., and are therefore an easy and interesting study.

Some of the squeezed folds have resulted in the elimi-
nation of the incompetent shale band between the Gamegara ba-
sal conglomerate and quartzites, while in favourable loca-
lities inordinately thick masses of puckered shales have be-
come bunched together, as for instance in the deep longitudi-
nal velley on south;eastern Marthas Poort.

The//eesese
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The shales are highly miocaceous and phyllitic as a result
of the dynamic metamorphism.

It is noteworthy that the most intense folding and
distortion has occurred in the weak shale bands, and se-
condarily in the somewhat incompetent thinly bedded quart-
zites of the lower part of the Gamagara series, The thick-
ly bedded guartzites higher up in the Gamagara series were
more competent. This difference in the competency of the
beds is well shown in Plate II,Fig.3., where a squeezed or
carinate syncline has developed in the weaker lower members
of the Gamagara series, while the crest of the hill is for-
med of the relatively competent upper quartzites of the Ga-
magare series, This mass has not taken part in tho intense
folding, but has been squeezed out, and lies in a gentle sym-
pathetic syncline. This mast necessarily have involved a
large amount of differential creeping in the beds. (38.p.62.
£ig.24.) |

This intense folding dies out to the south on Paling,
and from here to the southern limit of map G., folding and
distortion is represented by mere gentle undulations, with
occasional complex puckerings on a minute scale, ac-
companied by closely spaced slickensiding. On the castern
side of section 9.G. is an example of overfolding involving
the siliceous breccia as if it were a yielding mass, bulging
it up and over a thick bed of basal conglomerate.

Maorked fold ing on a small scale everywhere affects the
basal beds of the Gamagara series, especially where these lie
directly on the dolomite. These disturbances are ascribed

mainly to slumping resulting from the subsurface solution of
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the dolomite,  (Chapter V.C,)

East of the Gamagara rand folding is very little in evie
dence, there being instead a welter of brecciation preser-
ved in the Klipfontein hills. Sections 1.K. and 2.K. show
a certain amount of compression and folding involving
largely the remnants of the Gamagara beds. Portions of the
shale horizon which have been infolded beneath or bunched
up against the breccia masses exhibit complex puckerings,
(Plate IV. Fig.2.) or are oven become schistose.

The fact that so much shattering and slickensiding has
taken place along the Gamagara rand, in addition to the
folding, is an indication that the disturbances took place
relatively near the surface, without any considerable
superincumbent weight. The structure shown on Plate II,
Fig. 3. where the more massive Gamagara quartzites where
squeezed out upwards from a carinate syncline, also suggests
a light superincumbent burden, allowing the easy upward
movement of the quartzite out of the closed fold. Clearly
the horizontal pressure at this point was greater than the
vertical pressure, resulting from the weight of the over-
lying rocks.

The extensive Blinkklip breccias are additional evidence
that in this portion of the area the disturbances occurred
at a level in the earths crust not so deeply buried beneath
a super-incumbent mass of sediment. The Gamagara rand in
fact, forms the boundary linc between the zone of intense
~ folding, which is best developed in the masses of sediment
composing the Langeberg to the west, (35) and the intense
brecciation, best developed in the Klipfontein hills in the
east. This indicates a decrease in the sedimentary load

east//eeevease
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east of the Gamagara rand, and an increase to the west.

From this we may conclude that the main geosyncline
deeply filled with Matsap sediment lay west of the Gama-
gara rand. A study of the conditions of sedimentation
along the Gamagara rand also points to this conclusion, for
it was seen that the detrital material came from an easter-
ly direction,

(4) Slickensiding and Brecciation.

Slickensiding is everywhere a marked
feature of the rocks composing the Gamagara rand, occurring
in all members of the series. Their presence indicates,
as suggested above, that the lessening of the sedimentary
load in this area allowed the pressure to be relieved to
some extent by repeated and minute slidings within the rock
mass, rather than the intense folding en masse so charac-
teristic of the Langeberg.

The slickensides in the quartzites and shales are
usually closely spaced, and movements along individual
planes are small, varying from a fraction of an inch to
a maximum of a few feet., In form they are concavo-convex,
the planes of fracture parting for a few inches and coming
together again. On Lomoteng an outerop of ferruginous
shale is so much slickensided in this manner that a hammer
blow releases loose pieces of concavo-convex shale averaging
the size of a mans hand or smaller., The bounding surfaces
are grooved and shining., These slickensided fractures arc
disposed at low angles, and dip generally to the west,
parallel to the main thrust planes.

In the hard heaematite composing the highly ferruginised
basal grits and conglomerates of the Gamagara series,

larger//e.e..
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larger slickensided surfaces disposed in more uniform
westward dipping planes are encountered. (Plate IV. Fig.

1.) The example here referred to illustrates such a case,
photographed on northern Lohathla. The grooving runs from
west to east, as seen on the upper surface of the lower block,
which although split by weathering, is lying in situ. Step-
like breaks, comparable to small roches moutonnees, clearly
indicate that the ower-riding block moved from west to east
in sympathy with the thrust movements.

Associated with the slickensiding is much brecciation
and shattering of the more brittle beds. Along the Ga-
magara rand shattering of the quartzites is particularly
marked along the stretch from Bishop to Paling, with some
mylonitisation, In most cases in the quartzites intense
slickensiding on a small scale, and shattering, are synony-
mous. The shales, owing to their incompetent nature, show
extreme dcformation, and only rarely, where they have been
rendered brittle by silicification, are breccias encountered.
The ferruginous conglomerates are wonderfully resistant rocks
to both deformation and shattering. Under the extreme con-
ditions mentioned as occurring on Marthas Poort at the base
of an alochthonous sheet, individual pebbles are rotationally
sliced, or the mass as & whole folded.

In places the thfust plane seems to have gouged away the
relatively thin sheets of Gamagara rocks, and locally passed
along a floor of dolomite, resulting in considerable brec-
ciation and disturbance of this rock. The thinness and
discontinuity of the Gamagara rocks on central Doornfontein
can be ascribed to such a transgression. The dolomite here

is much disturbed, brecciated masses being cemented by yellow
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and brown secondary chert. Similar structures in the dolo-
mite occur on the west facing slopes of the conical dolomite
hills on Gloucester, and on Lohathla where the tillite has
been thrust across the dolomite.

On Paling an interesting effect was observed. Ap-
parently Gamagara quartzites have been pushed across the
dolomite at onc spot, with the formation in that rock of
irregular "sandstone dykes". (Plate III. Fig. 1.) These
seem to have been tension cracks in the dolomite, into which
sand has filtered. This loose sand must have been produced
by the abrasion along the plane of the break of the base of
the moved quartzite mass. In thin section the quartzite
grains show considerable attrition. (Plate VIII.Fig. 2.)

On Mount Huxley immediately east of the Klipfontein hills
similar "sandstone dykes" in dolomite exhibit mylonitisa-~
tion. (Plate IX., Fig. 1.

Brecciation on a vast scale is found in the brittle and
incompetent banded ironstones of the lower Grigquatown sories,
and the underlying cherts which lie at the top of the dolomite
series. This amazing development of breccias nicely follows
the supposed distribution of the fringe of lower Griquatown
banded ironstones in pre-llatsap times, locating the eastern
1limb of the Maremane anticline. In my view, the formation
of these breccias is to be ascribed to several factors, which
are dealt with in B.3. below.

A feature of the Blinkklip breccias which is of particu-
lar significance is the presence of actual mylonite, often in
distinct zones of intense crushing aligned east by West; as
found on south-western Doornfontein, or roughly sheect-like

elsewhere.
The//ocoo s0 0
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The alignment of this type of mylonite, brick-like in

colour and texture, definitely suggests a connection with
the tectonic deformations. Norton (23. pl9l.) says that in
his class of "founder breccias" in which he includes the
Blinkklip breccias; the fragments show only small wear owing
to mutual attrition. The presence of mylonite in the
Blinkklip breccias suggests that it should rather fall under
his "crush breccias.”

% is clear that tho masses of brecciated banded iron-
stone as seen to;day (the Blinkklip breccia), is the brec-
ciated counterpart of more or less disconnected outlicers of
banded ironstones, at one time buried beneath the Gamagara
sadiments.

The distribution of the intensity of the brecciation in
these banded ironstone masses is of prime importance from a
gonetic point of view., The larger thicker masses, such as
cncountered on the prominent hill east of Beeshoek village
and on Klipfontein; are particularly instructive. This -
distribution in the vertical plane was noted by Nel, (2l.p.
23.) who says, "There is a distinet tendency for the frag-
ments of the breccia to increase in size towards the higher
horizons of the formation. The usual breccia gives way to
large tilted blocks above. These blocks, hardly displaced
from their original positions,in turn are united into conti-
nous strata, where the puckered laminae, folding or slight
dislocations, become smoothed out the further they are re-
moved from the fracture zone."

To this, I could add that the chert or siliceous brec-
cia below the Blinkklip breccia is habitually composed of
much smaller fragments, and is the zone of the most intense

brecciation//eeese
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brecciation, A fair comparison is given between Plate
I. Fig.3. and Plate II. Fig. 1. It will be hard to
account for such a fact if it be supposed that the brec-
cias were formed by gravity slumping alone. There are
a number of other petrographic features of the Blinkklip
breccia; which will be better described in the following
section; because of their significance as to the origin of the
breccias. In my explanation as to the mode of formation of
the breccias given below, I think it is fair to say that the
feature described above, as well as all others, find a na-

tural explanation.

(B) Evolution of the Tectonic Structurss and the Breccias.

It will not be out of place to give here a resumé
of the opinions previously expressed as to the origin of the
brecclas, and the tectonic structures.

Owing, in the first case %to the prominence and of ten
bizarre shape of the outcrops, and their unusual nature and
extent, the breccias have attracted a great deal o attention
from geologists, especially in late years as a result of
their close assoclation with valuable ore deposits.

In 1870, Stow (28) expressed the opinion that it was
a consolidated detrital rock. He must have confused it
with some of the Gamagara conglomerate. Much later Ro-
gers, in 1905, (25) thought that it was formed by the collapse
of the lower Griquatown beds under the influence of gravity,
and, perhaps, earth movements, into hollows dissolved out of
the underlying lime-stone. In 1927, Nel (21) largely upheld
this view, while in 1933 du Toit hinted at the larger part
possibly played by earth mo vements, (13)

It should be noted that earlier geologists laid the
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stress on slumping as a causative agent in the formation of
the breccias., However, as a result of the investigations
carried out by myself, and later in conjunction with my
colleagues Drs, F.C. Truter and D.J;L. Visser, we have come
to the conclusion that earth movements played at least the
major part in the formation of the breccias., In this con-
nection, Dr. Truter was the first to definitely accept the
breccias as tectonic brecclas, and in the light of the
evidence, Dr, Visser and myself have unreservedly come to
the same conclusion., As regards the whole process of
formation, my own views and conclusions are given below, in
section (3).

(1) General.

Having, from all the evidence to hand, a falrly
complete picture of the geological history of the area,
it has been possible to reconstruct a credible scheme of
the evolution of events.

Considering the area as a whole, a parallel can be
drawn to the broad structure of the Alps, as described by
Jas, Geikie; although on a much smaller scale. Geikie
says, (15.pp.107?108) "There is one characteristic of the
Helvetian folds of the Santis to which brief reference
may be made. They present certain features which distinguish
them from the great recumbent folds occurring well within
the Alpine area. The latter originated at considerable
depths, and were subject, therefore, to the weight of enor-
moué rock masses, so that when lateral compression ensued
they behaved like plastic bodies, and were flexed; sharply
folded; puckered and crumpled without breaking.  Along
the north front of the Alps, however; the strata that were
thrust against the Nagelfluh; not being loaded down to//se..
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to nearly the same extent, did not become plaétic under the
folding process, and consequently were oracked, fissuerd,
fractured and shattered."

In the Postmasburg region, the counterpart of the
heavily loaded Alpine area is the intensely folded Lange-
berg; which according to the evidence of the ;edimenta—
tion; rose within the heavily loaded geosyncline by subse-
quent compression.  The folding; marked slickensiding and
fracturing of the Gamagara rand corresponds to the shattered
Helvetian folds of the Santis; while the Klipfontein hillé
represent relief by shattering and brecciation rather than
folding. The westerly dip of the thrust breaks, suggests
that they approached relatively near the surface in the
Klipfontein area, and had therefore a small load. The re-
sisting Nagelfluh is represented at Postmasburg by the
Maremane dolomite and the arc of the eastern bended iron;
stone limb of the Maremane anticline, The brunt of the
brecciating forces was borne by the western flank of these
banded ironstone hills, the site now being marked by the
Beesho ek-Klipfontein Blinkklip breccia hills. (See re-
construction of the Maremane anticline,)

The presence of brecciated dolomite cemented by a
quartzite mylonite in the form of irregular "sandstone dykes"
on Mount Huxley about 3 miles east of the Klipfontein hills
shows that between this point and the Gamagara rand the
thrust plane approached horizontality on the average, and
must therefore have passed close over the Klipfontein hills,
no doubt greatly affecting them in the process. IHere we

have indeed a combination of circumstances and all the force
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necessary, to produce the immense brecciation observed.

(2) Lvolution of the Folding and Thrusting.

Upon the filling of the geosyncline
west of the Gamagara rand, compressive forces iwere set up,
and the sediments were thrown into the intense Langeberg
folds, with probably small thrusts., (85) After a certain
amount of heaping wp; the mass rose and rode forward bodily
along major thrust planss. Such a thrust plane probably
originated in a fold below, but not necessarily so, since
it may have originated at once on the application of se;
vere horizontal pressure, according to Cadell, (4)

In view of the geological structures involved, I am
inclined to postulate such an early formation of at least
the main and lowest thrust plane; the T.1l. break exposed
along the Gamagara rand. This break lies mainly in the
very incompctent banded ironstone zone of the lower Gri;
quatown serics, which is sandwiched between the thick and
competent masses of the Campbell Rand dolomite and the
maésive Ongeluk andesitic lavas. A parallel is afforded
to some extent in the Appalachians, according to Hayes, (17)
who explained two parallel thrusts which run for 200 miles
and have displacements of 4 to 1l miles.

In this Mppalachian case weak shales are intcrbedded
with massive dolomitic beds. The strata are thought to

have first flexed into a palr of gentle anticlinal bends.

Between the flexureé the strata remained essentially un-
disturbed. Finally a break occurred near the crest of
one of the anticlincs, and the thick competent formations
sheared more or less horizontally along a slippage plane
which cloéely followed the bedding of the weak shales.
According//eee.
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According to the distribution and disposition of the
pre-Matsap formations as reconstructed, west of the Gama-
gara rand incompetent banded ironstones of the lower Gri-
quatown series, lying on a grea} thickness of dolomite, and
beneath a similar thickness of competent lavas, was dis-
posed with a gentle dip westwards, During the accumulation
of compressive forces acting from the west, relief Waé af-
forded in a plane'parallel to the banding of the weak banded
ironstones. (See Sections of Maremane anticline.) This
plane was almost parallel to the direction of maximum pres-
sure. In consequence the massive Ongeluk lavas plus the
overlying Matsap beds, sheared along a slippage plane
rising gently eastwards, and closely following the bed-
ding of the weak banded ironstones. Thus was formed T.l.

It should be mentioned that the weakest zone in the
banded ironstones and jaspers lay in the lower half 9f the
zone, namely in the fissile banded ironstones. Thisléroba-
bly why the more competent banded jaspers above outorop so
prominently above the trace of T.l. along the Gamagara rand.

As the competent beds moved forward and the resistance
increaéed, movement ceased along T.,l. and increased pres-
sure now threw the plane of T,l. into folds, With further
acoumulation of pressure, a new slippage plane formed higher
up in the sequence; but olosely paralleling T.l., so that
this new break, T.2., truncated some anticlinal arches of the
plane of T.l; (See sections 2.G.; 8.G., 8.G, and 9.6G.)

Both these breaks encountered their main resistance a-
long the Gamagara rand and the dolomite and Griguatown beds

to the east, riding some distance over these resistant

Mmasses//eseaces

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



82,
masses. Further thrusts developed later at still higher
levels. These are described by Visser. (35)

Others, I am sure, will ask, as I asked myself, "Why
has such a remarkably straight north;south zone of Gamagara
beds been preserved beneath such powerful thrust planes?

Why are not; at best, irregularly placed remnants preserved?"
After much thought, I have the following explanation to offer,
which I trust may be considered reaéonable.

The indications are that the north-south axis of the
pre-Matsap Maremane anticline ran along the present site of
the Gamagara rand, It is centrally placed with regard to
the arc of Griquatown hills to the east, while the thrusting
has brought up similar beds from apparently an equal distance
to the west. Everywhere east of the Gamagara rand the dolo;
mite dips eastward., Along its course it 1s o ten disposed
sub;horizontally, and even shows signs of low westerly dips,
except in the vicinity of Paling, where fair dips east-
wards are encountered,

Considering then that this was the position of the
Maremane anticlinal axis, pre-Matsap erosion in all probabi-
lity eroded a long low trough trending north-south along
the axial plane. Eroslon always attacks the crests of an-
ticlines most vigorously. As a result, a strong develop-
ment of Gamagara beds would be deposited along this trough,
and during the ensuing thrust faulting, would tend to be
preserved as a long straight line of Gamagara beds as we
see 1t to;day. South of Paling where the steepest east-
ward dolomite dips are encountered; the Gamagara beds
are most deeply cut away by the thrust faulting. This
fact is also an indication of the correctness of the

postulation//eeess
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postulation. The thrusting has of course everywherc
exaggerated the westerly dip of the Gamagara beds to their
present position.  An initial westerly dip in this di;
rection has been suggested as a result of the course

of sedimentation.

The folding along the Gamagara rand, especially the
intense folding around Marthas Poort, must be ascribed to
a piling up of the beds against the eastern edge of the
lowr trough, a sort of dolomite barrier, as a result of
the urge transmitted from the eastward moving masses above

the planes of T.1l. and T.2., but especially of T.l1.

(8) Evolution of the Brecciation.

Having come to the conclusion
that the prime factor in the formation of the breccias
Waé the tectonic deformations and earth movements, I
offer the following detailed scheme of their evolution as
my conclusion at the present stage. Reference should be
made to the evolutionary plan given in a series of sections,
based on the structure of the large hill on Klipfontein,

It is not out of place to point out that the following
structures noted in the Blinkklip and siliceous breocias;
are additional evidence pointing to the tectonic origin of
these rocks, over and above the facts already mentioned in
the foregoing.

Near the north-western corner of Klipfontein I found
samples of the underlying siliceous breccia, which can be
more truly described as a crush conglomerate owing to the
extreme attrition and rounding of the chert fragments, which
are of heterogeneous size, and are included in a gouge
containing fragments of Gamagara shale. Clearly then the

date//eess
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date of this brecciation is post-Matsap, having affected
Gamagara rocks, as are the thrust faults,

In addition, a mixed Blinkklip-chert breccia on the
hillside east of Manganore siding (map K.) contains rounded
oobbles of Gamagara quartzite, where this rock, which uncon-
formably overlies a thin sheet of disturbed banded ironstones,
has been infolded and involved in the brecclation. (Central
part, section 1.K.) The rock containing these cobbles re-
éembles a crush conglomerate and has clearly been formed by
the post~Matsap deformation.

On the hill on the left central part of section l.K.,
Gamagara shales have been seen {o be infolded or rolled
under the previously underlying mass of banded ironstone,
now so brecciated. These shales are themselves brecciated
and were evidently in part silicified previous to their
brecciation. The overfold lies towards the east, and must
therefore be the result of a push or thrust on the composite
mass of the hill from the west. The silicification of the
shales points to a considerable lapse € time subsequent to
their formation, before the post;Matsap thrusting caused,
as it is shown, their brecciation.

Section 2.K. provides a fine example of a mass of
rock the front  which has been compressed and infolded
as the result of its being urged forward in an easterly
direction. Cadell, (4) in his exhaustive researches in
mountain building and thrusting, finds that "the front por-
tion of a mass of rock being pushed along tends to bow for-
ward and roll under the back portion." The fact that this
hill is compressed and infolded on the east side, proves
that it was pushed along from the west to the east; and that

the//evess
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the irregular zone of chert and Blinkklip breccia above
the dolomite is a zone of movement; in fact a minor
thrust plane, involving tremendous brecciation owing to
;pecial circumstances. This movement is no doubt a phase
of post;Matsap deformations and major thrusts, and the
breccia must therefore be a thrust or “"crush breccia'
following Nortons classification. (23)

In Missouri is found a parallel to this crush brec-
cia., Norton gays, (23.p.188.) "The sheet breccias of the
Joplin district, Missouri, illustrate how terranes of
brittle rock may be brecciated by lateral pressure without
any further mass deformation than that exhibited in gentle
warpings. Heavy ledges of chert have been fhoroughly and
fineiy crushed in places, and cemented by a chemical deposit
from ground water." In the Postmasburg chert or siliceous
breccias the chemically deposited cement is manganese.  This
fact incidentally explains the comparative rarity € large
blocks o pure ore in this rock - - the ore is largely a ce-
ment! (See Plate III. Fig. 2.)

.That the thin discontinuous cakes of banded ironstone
whioh yielded the Blinkklip breccia were in all probability
detached outliers lying on an erosion plain of dolomite in
pre;Matsgp times, is suggested by the structure of the hill
on Klipfontein; shown in section 2.K. and the right hand
side of section 1.K. Such outliers were covered by a
blanket of Gamagara sediment (See evolutionary sections) and
during the period of thrust faulting formed island;of superior
resistance to any sliding movement. In oconsequence the less
oompetent Gamagara shales would tend to pile up against the
rear of suoh masses, as seen east of Manganore siding, on the

left hand side of section 1.K,
orl//toooo'g

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



uuuuuuuuuuuuuuuuuu

On the evidence to hand then, it seems fairly cer-
tain that the masses of banded ironstones; which were
fragmented to form the Blinkklip breccia, were in pre-

Matsap times erosion outliers of, and forming a fringe to,
the lower Griquatown banded ironstones € the eastern limb
of the Maremane anticline, (See reconstruction of anticline.)
It is therefore reasonable to assume that during the cycle
of pre;Matsap erosisn, sub-surface solution of the dolomite
beneath these thin layers of banded ironstones resulted in
the formation of a structurally weak zone of tilted and
cracked banded ironstone, underlain by residual soil from
the dolomite, shot with loose chunks and pieces of chert,
This loose material would fill the spaces between the re-
sidual pillars of dolomite, similar to structures formed
today. (Plate V. Fig. 1.) (See first stage of evolutionary
plan.)

There is evidence that the plane of the Gamagara thrust
fault, T.l., followed a nearly horizontal course between
Mount Huxley east of Klipfontein, and the Gamagara rand to
the west. The plane of T.1l, must therefore have passed
within a hundred or so feet above the crest € the Klip-
fontein range as seen to-day. For this reason the rela-
tively thin sheets of banded ironstones and some of the over-
lying Gemagara beds directly beneath the trace of the thrust
plane; must have been urged along in sympathy, particularly
in view of the weak base of loose chert and soil underlying
these sheets.,

One can imagine what the effect would be of a movement
of only a few yards in this weak leached zone, with pro-
jecting pillar-like remnants of dolomite acting as a gigantic

file, and themselves being smashed and pulverised together
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with the chert rubble and the lowermost portions of the
banded ironstone mass. (See second stage of the evolution-
ary plan.,) An extraordinary gouge of chert breccia, soil,
dolomite, and remnants of infolded Gamagara conglomerate,
shale and quartzite, drawn in under the front of the moving
mass, would result. Just such an amazing mixture, minus
the dolomite fragments at most places, and plus secondari-
ly infiltrated manganese ore, can be observed in these si-
liceous breccias to;day. Hence indeed the preference for
the term "siliceous breccia" in place of “"chert breccia"
owing to the frequent presence of fragments of the Gama-
gara beds. Indeed, by this process would result just
such an admixture of siliceous breccia and Blinkklip brec-
cia along the contact of these rocks, as is actually seen,
as well as a diminution of the brecciation in the banded
ironstones upwards away from the main zone of the disturban-
ce, as has been referred t> by Nel. (21.)

The zone of movement thus created can be regarded as
in fact a secondary thrust plane, but it is purely local
and subsidiary to the main break which passed above, at no
great distance as can be inferred from the low angle of the
thrust plane. It can also be inferred that the mass of su-
perincumbent beds must have been relatively slight, to allow
of such immense brecciation and rolling of some of the
fragments, as can be judged from the formation of crush con-
glomerate, Such a slight load of superincumbent beds would
be in keeping with the general scheme of the geological
history, as sketched before.

Reverting to the distribution of the banded ironstones
forming the eastern limb of the pre-Matsap Maremane

anticline//e.ess
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anticline, it can be expected that where the outlying

fringe of the main mass of banded ironstones was en-
countered, probably a small distance east of Klipfontein,
(see evolutionary sections) this weak fringe would be
treated in a manner similar to a detached outlier, but

less severely. PFurther into the mass, brecciation would
give way to interformational foldings and puckerings in the
incompetent banded ironstones,

Incidentally, it is in these folds and puckerings in
the banded ironstone hills east of Klipfontein that the
valuable blue crocidolite asbestos is found, filling the
1ense; and saddle-like gaps or reefs so formed in these
well laminated rocks. It may be then that the crocidolite
asbestos owes its origin to the formation of these struc-
tures in the banded ironstones, and is post-Matsap in age.
The structure of the asbestos itself conforms to this mode
of origin., It is cross fibre, which would extend its
growth in the direction of least pressure; i.e. across the
slowly opening gaps provided by the lenses. Intermittent
waves, corresponding to a change in the direction of growth
of the fibres, testifies to the slow and probably inter-
mittent opening of the cavities.

With regard to the extent of movement along this
zone of brecciation in the breccia hills =~ the heave-- no
convincing evidence is available, However, I doubt whether
it is very much; and would consider a movement of a half to
a quarter of a mile to be near the mark. In fact, in many
cases it would seem to be measurable in yards. Under the
postulated conditions; even such a relatively small move-
ment would cause immense brecciation,

It//ceevenes
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It should be pointed out at this stage that a breccia
of the nature so produced in the chert zone, well shot with
dolomite gouge and breocia, is liable to be readily at~
tacked by circulating waters at a time when erosion of the
overlying rocks allows access of meteoric waters to this
region. Moreover, the porosity of the mass would allow
oxygen free access, both in the form of air and oxygenated
and carbonated surface waters, These waters, acting readi-
ly on the dolomite gouge and breccia as well as the shat-
tered dolomite floor, would dissolve its manganese content,
oxidise it, and precipitate it as a cement of manganese ore
in the breccia.

Immediately east of Manganore siding a shallow quarry
on a hillside exposed a surviving portion of the shattered
dolomite floor below the breccias. This dolomite was be-
ing actively dissolved by surface waters, with concomitant
crystallisation of calcite, and precipitation of veins,
stringers and wughs of pyrolusite, some in beautiful den=
dritic fashion. Apparently this process of solution and
deposition of manganese has not yet ceased.

Having come to the point where extensive solution of
the dolomitic portion of the breccias has taken place, we
come to the time when stage 3 of the plan of evolution comes
into effect. Sub;surface solution of such undoubtedly
large masses of dolomite gouge and breccia would cause the
overlying mass of relatively insoluble siliceous rocks to
slump inwards and fill the vacant areas created. Hence the
very marked feature of slumping so noticeable in the brec-
oila hills, especially the well eroded ones on Klipfontein
and Kgpstewel. (mep K.) It should be pointed out that

the//eevaenes
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the above scheme explains the brecciation as well as
the slumping, instead of calling in unexplained slum-
ping to erplain the brecciation. Stage 4 of the evo-
Jutionary plan shows Klipfontein hill as it is to-day.
(c.f. Section 2.K.)

In conclusion, it should be noted that in my opinion
the brecclas could have been formed during three periods
of geological time, namely:

(a) During pre-Matsap times by sub-surface solution
of the dolomite, resulting in sagging of the cherts and
lowermost banded ironstones, with, possibly, some formation
of "gravity" breccia. This is speculative, for no brec-
cia fragments have been found in the Gamagara basal con-
glomerates, in spite of the hardness of the breocias,

This suggests the non-existence of such breccias in pre-
Matsap times.

(b} Intense post-Matsap brecciation as a result of
lateral pressure and movement, forming masses of "crush"
breccia. The field evidence, as outlined above, is
strongly in favour of at least the main mass of breccia-
tion having taken place in this period by tectonic agen-
cies.

(o) Pre; and post-Karroo sub-surface solution of the
dolomite, resulting in widespread slumping, and probable
formation of a new generation of "gravity" breocia. (See
chapter V.)

In truth then, it can be said that the extensive and
remarkable Blinkklip and siliceous breccias of the Post-
mesburg area are genetically both "gravity" breccias and

"erush" breccias, but the latter term is the more applicable

Since//ocooo
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since the most potent ecausative agent seems without
doubt to have been the earth movements in the shape of

the powerful thrust faults.,
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CHAPTER V,
Traces of Karroo (Permo-Carboniferous) Glasiation, and

its Value in Dating Slumping and the Time of Manganese

Mineralisation.

(A) General.

The relics of ancient ice action in the
erea have only recently been discovered. However as
early as 1870 Stow (28.pp.68;77.) gave it as his opinion
that the rounded outlines of many of the ranges were the
result of glacial erosion, Later it had been surmised
that the prominent north-south valleys of the area were
the result of glacial scouring during the period of Per-
mo;Carboniferous glaciation which has left such widespread
traces in the sub-continent, especially sinoe Rogers had,
in 1906 (25) found the southern extension of these valleys
were floored with Dwyke (Permo-Carboniferous) tillite,
with shales and other remnants of the overlying Karroo
beds. In his "Geology of South Africa.," du Toit has sur-
mised that the rounded forms of the Langeberg range is the
result of glacial action, although no proof was avallable
on the spot.

In 1937 Dr. B. Wasserstein of the Geological Survey
suggested that the rounded forms of the Griquatown-Kuruman
hills is an old glacial topography, especially owing to the
presence of some fine U-shaped valleys which contrast some-
what strangely with the usual dry olimate erosion forms,
In the seme year the writer found smoothed and potholed
pavements on the boundary between the farms Bruce and
Sishen at the northern extremity of the Gamara rand,
just north of the Gemagara river, Early the following

year these pavements were shown to Dr, S.H. Haughton,
the//e ..
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the director of the Geological Survey, who pronounced
them to be of glaclial origin, They are described and
shown on plates in the Geological Survey explanation to
Sheet 173, Oliphants Hoek, published in 1939,  (34)
During 1939 two more examples of similar pavements were
discovered within the confines of the accompanying maps,
one at the southern extremity of the Gamagara rand, (map
| G) and the other on the top of the hill immediately north
of Manganore siding. (map K) The following relates
only to these two latter occurrences, with minor refe-
rences to others,

(B) The Traces of Glasiation.

Plate VI, Fig. 1. shows a local erratic
of hard haematite lying in situ on a polished and pot-
holed glacial floor of the same material. This floor
is part of the original identified by Dr. Haughton as
similar to sub-glacial floors in Switzerland, Some-
what ill-formed roches moutonees at this loeality in-
dicate that the ice masses moved from north to south.
This is in agreement with the general moveﬁent of the
Permo~Carboniferous ice sheet in the central part of the
suboontinent. About a mile south of the above occur-
rence a similar potholed pavement has been formed in
aluminous Gamagara shales. (34)

At the southern end of the Gamagara rand on the
farm Olynfontein is another potholed pavement in alumi-
nous shales of the Gamagara series. Prehistoric man
haé utilised the smooth surfaces of this shale to chip
out lively representations of wild animals; as well as

peculiar patterns and signs.

These//.......

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



These must be very old, for this shale exhibits ex-
traordinary resistance to weathering, and the draw-
ings are in part crusted over with coatings of psilo~
melane.

An indication that after the siripping by erosion
of the tillite in the intervening valleys, the valley
bottoms have undergone little subsequent erosion, is
provided by the presence of the haematite erratic fie
gured in Plate VI. Fig, 2. This erratic lies midway
between the Klipfontein hills and the Gamagara rand,
and must have been carried many miles according to the
direction followed by the ice., The erratic is of pure
hard haematite and lies on dolomite, The widespread
occurrence of these glacial floors, and the presence
of sgch an erratic on the plain between the hills, sug-
gests that the topography of to;day is essentially the
;ame a; that existing at the end of the period‘of ice
erosion; before the valleys were filled and the hills
buried by Karroo sediments. The cycle of post-Karroo
erosion must be, therefore, relatively reqent.

On Kapstewel, immedi ately north of Manganore siding;
is a most instruotive remnant of & glacial floor pre-
;erved in the shaly ferrug%noué quartzite of the Gama;
gare series. . This rock is almost as hard to weather
as the aluminous shales, owing t; the high shaly ocontent,
thus ascounting for its preservation from erosion.

Thi; floor has also been sheltered by the fact that it
is placed in the slumped-in portion of the top of the hill,

The floor is exposed on the eastern side of the

bowl//eones
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bowl of slumped-in Gamagara sediment capping the hill.
The floor itself has sagged to a tilted saucer shape, the
one side resting at a slope against the eastern rim of
hard breccia. This case prooves conclusively that much
of the slumping at any rate is post-Karroo, and may be
late post-Karroo beds had first to be removed before sub;
surface weathering could attack the underlying dolomite.

Grooves preserved on this floor indicate a movement
of ice from north-north-east to south-southéwest, and
the adjacent U-shaped valley running in a northerly di-
rection from Manganore, is therefore in all probability of
glacial origin, In the light of the above, therefore, it
seems probable that the isolated distribution of the
Blinkklip breccia peaks, dotted about haphazardly along
a wide aro, are in the nature of nunataks, around which

the ice masses eroded their paths,

(C) Slumping--Its Extent and Probable Periods of For-
mation,

We have, as seen above, a definite clue as to the
Geological period in which slumping of the relatively in-
soluble siliceous rocks into the far more soluble under=-
lying dolomite has occurred. This must have been in re-
latively recent times when the removal of the Karroo beds
allowed surface waters to renew their solvent activity on
the dolomite,

Naturally such solvent activity could only ooour
during periods when the dolomite was exposed to erosion.
I% has been shown that in the geological history of this
area, the dolomite was exposed to erosion during three

widely separated periods of geological time.
Theoretioally//«e..
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Theoretically, then, there could have been three periods
of slumping. These are.,

(&) During the pre-Matsap oycle of erosion, supposedly
in late pre;Cambrian times.

(b) During the pre-Karroo cyele of erosion, in early
Permian times,

(o)} During the post-Karroo sycle of erosion, which
may have commenced as early as the Cretaceous, but cer-
tainly extends into the present.

We have definite evidence of slumping during this third
period, but in the nature of things, there is no evidence
either way for slumping in the other two periods. All
that can be said is that it is quite likely that slumping
did ococur during the first of the above periods, for the
Gemagara rocks indicate a warm dry climate possibly simi-
lar to that existing to-day. That slumping occurred
during the second period is doubtful, for it was cold and
the land was iceQOapped; conditions which may well have
checked any sub-surface solution of the dolomite. The
odds are therefore all in favour of the third period;
during which most if not all the slumping effects seen

at the present day ocourred.

In addition to the remarkable evidence of slumping
afforded by the breccia hills; where large masses of
breccia capped by banded ironstones and Gamagara sedi-
ment have clearly subsided to dqpths exceed ing 100 feet
into the dolomite, (See sections l.K.; 2.K., and 8.K.)
the manganese ore and basal beds of the Gamagara series
along the Gamagara rand have everywhere been affected by
the same process, This is most marked between

Lace's//eeeass
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Lace's Goat on Doornfontein and Bishop; on Map G.,
where the Gamagara rocks lie directly on the dolomite.

Wherever mining operations have been carried out;
it has been found that the manganese lies on an extreme-
ly irregular surface. This is partiocularly well seen
in the stretoh of country mentioned above, where the
breccias are absent, and the Gamagara rocks lie on the
dolomite proper. Almost invariably quarrying has re-
vealed that on following the ore zone down from the out-
orop, the ore;body is seen to dip steeply downwards
without regard to the bedding of the dolomite; in which
rock it fills large pot~-hole like cavities. Such
potholes reach depths of 40 to 50 feet in places, and it
is found that thg overlying Gamagara shales and even
quartzites have sagged in in sympathy with the under;
lying mangenised grits.

As a rule, these potholes have very uneven sides and
floors; irregular solution of the dolomite having left
relics of this rock in the form of huge pinnacles, pillars
and round pyremidal masses; between which the manganese
ore ha; been found wedged'in the company of masses of wad
and chocolate coloured residual soil, Plate V. Fig. 1
illustrates this structure in a manganese quarry on the
farm Gloucester, It should be mentioned that there is
a distinot tendency for the best grades of manganese ore
to be found adjacent to the dolomite; particularly in such
deeply sunken areas.

The detailed mapping (map G) has shown that the
manganese ore exposures, partiocularly on the farms Glouces-
ter, Lohathla and Bishop; are composed of a maze of inter;

connecting//eees
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connecting or isolated lines of outerop, This effect
is produced by the wholesale slumping of a gently dip;
ping sheet of manganese ore of variable thiskness, and
overlain by Gamagers beds. The result is that the
anticlinal areas are shown by outerops of the underly-
ing dolomite, while the deeper synclinal areas are
indicated by sagged-in masses of Gamagara shales and
quartzite.

The manganese ore bodies in these series of de-
pressions are subjlect to great variations in thickness
and quality from place to place; and within shor{ digs=
tances a variation is shown to a slightly lesser degrge
by the overlying zone of haematite ore and ferruginous
shales and grits,

The distribution of these slumped-in areas is not
entirely haphazard. They are generally aligned with
their longer axes in a roughly north-south direction.
This tendency to alignment is particularly marked on
northern Lohathla and the adjoining portion of Bishop.
Here, however, the direotion of the long axes is gene-
rally west of north,

From this fact, it can be inferred that weak or
shattered zones in the dolomite resulting from the
post-Mhtéap earth movements, have been utilised by the
solvent waters, causing this rough alignment of the
slumped-in areas, the long axes of which are at right
angles to the direction in whish the teetonic forces acted.
1t may therefore be suggested that the date of this
slumping also falls within the third period given above,
besause it must be post-Matsap, and owing to the capping

0f//eeasess
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of ice during the second period, it is unlikely to be
pre-Karroo,

In the western belt, i.,e, from Doornfontein to
Bishop on map G,, brecciation resulting from this slump-
ing 1s practically non-existent., Slickensiding on the
walls of the cavities is in evidence while cracking and
distortion of the rocks is frequent, as a result of their
having sagged down. OSmall areas of local brecciation,
which may be the result of slumping, have been observed.
In the eastern belt, i.e. on Map K., it is clear that the
slumping has resulted in the jumbling together of large
masses of uncementedéesidual soil, chert and banded iron;
stone fragments together with oobble-like accumulations
of manganese ore, The hard consolidated masses of sili=
ceous and Blinkklip breccias have bodily sagged into the
cavities; and show signg of cracking, distortion and re-
newed brecciation on a small scale.

Throughout the fields, I have found no convincing
evidence to assign the formation of the masses of sili»~
oceous and Blinkklip breccias to the post-Karroo period
of slumping, still less to any other period of slumping.
The breccias were clearly in existence before the postQ
Karroo period of slumping, while the extent of brec-
ciation due to the postulated pre-Matsap period of slum;
ping is impossible of estimation. In my opinion such
brecciation; if any; must have been slight, judging by
the weak brecciating effect of the widcspread post~Karroo
slumping on both the western and eastern belts.

Nevertheless, it remains to be pointed out that

the//eesesses
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the slumping has been on a grand soale; areas up to
half a mile square having been affected, and the dolo-
mite removed to depths exceeding 100 feet beneath the
hard siliceous rocks. The grandest example is Klip-
fontein Kloof, at the back of the homestead.  Assuming
that the Gamagara rocks occupying the deepest part of
the basin were in horizontal continuity, before the
onset of slumping, with the portions now perched on the
steep slopes and the rim, it is clear that the deepest
portions have subsided a vertical distance of more
than 200 feet; that is assuming that no subsidence a~
round the rim itself has occurred. In the likely
event d this having happened to some extent, the thiok-
ness of dolomite removed from below the centre of the
basin must greatly exceed 200 feet.

The fact that so much dolomite has been removed,
begs the question as to what has happened to the not
inoonsiderable manganese content of the rock removed.
Nel (21) has calculated that 53.6 tons of dolomite
wonld be required to furnish one ton of ore, since many
analyses of dolomite from the region give a mean of
1.2% of MnO content, These facts throw some light on
the problem of the source of the manganese composing
the ore; and its mode and time of ascumulation. These

guestions are discussed in Chapter VI. A.6. below,
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CHAPTER VI.
The Ores.,

(4) The Manganese Ores.

(1) General.

The manganese ores can readily be sub-
divided into two main types, both according to their
appearance, texture and nature of impurities, and their
distribution and gangue rock. The first type, con~
veniently called the ferruginous type, is closely as-
sociated with the Gamagara rocks, and is practically
confined to the western belt. (Map G,) The second va-
riety, conveniently called the siliceous type, is closely
associated with the siliceous (chert) breccia and is found
almost to the exclusion of the former type in the eastern
belt. (Map K¢} In addition; it is widely distributed at
the northern and southern extremities of the Gamagara rand.
The southern end only appears on map Ge The northern
end lies to the north of the farm Bishop. (See map, 34.)
On Beeshoek the two types are mixed in a bewilderifg fas-
hion; but are everywhere demarcated broadly on the maps,
the former by blaok colouring, and the latter by black dot
éhading. Nel (21) in 1928, expressed essentially the
;ame subdivision in his "more continuous manganese" and
"Jess continuous manganese" respectively.

Both types of ore have outstanding phygical qualities,

being hard and of varying coarseness of crystallinity.
In addition they are brittle and fairly easily worked
and crushed to a convenient cobble size.

They//.. TR
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They carry well, producing a negligible quantity of
fines as waste. Their massive non-porous nature
also results in great economy of space. Trucks loaded
to the limit of their weight carrying capacity have,
spparently, only a thin layer of ore covering their
floors.,

The vast bulk of the ore of both types is crystal-
line to a variable degree. Massive psilomelane ooours
locally. In general the ferruginous type is the more
ooarsely crystalline, while the siliceous type is more
finely crystalline, grading to maséive; and exhibiting
greater variations in texture,

It should be noted that tests for lead, arsenig,
chromium, magnesium, titanium and copper were negative,
or revealed mere traces, while nickel and cobalt could

not be identified. (21. p.79.)
(2) The Ferruginous Type.

Originally designated by Nel (21) as "more
continuous manganese" on his map; this type of ore is
found to follow the base of the Gamagara series aé if it
were an interbedded sedimentary deposit, 1In fact it
has been thought to be such by some observers. How-
ever, close investigation reveals that it is extremely
irregular in shape, and may even be entirely absent lo-
cally, In oontrast, large lens-like outcrops are en-
countered, presenting a nodular and botryoidel exterior.
(See Plate IV. Fig, 3.) Such outcrops can yield quarry
faces of ore exceeding 30 feet in height.,

In the quarries, ore is seen to extend into and £ill

cavities in the dolomite along the footwall, while on //.
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on the hanging wall, it is occasionally seen to trans-
gress obliquely across the bedding of the overlying
sediments, into which it often sends irregular fingers,
or into which it grades with no definite junction be-
tween ore and rock. Its mode of oocurrenoe presents
many features indicating an origin by a process of me-
taéomatic replacement.,

There is, then, 1little doubt that this type of ore
has been formed for the greater part by impregnation
and replacement of the substance of the basal conglome=-
rates, grits and shales along the base of the Gamagara
series, and to a lesser extent, by accumulation in the
ferruginous residual soil of, and cavities in, the under-
lying dolomite. (See sections, G. series.)

In consequence this type of ore is characterised
by a generally high iron content in the form of haema~
tite; This 1s present as duller streaks and knots of
oompact haematite, and in molecular combination with
the constituent manganese minerals. On this latter
account handcobbing is of very little avail in reducing
the iron content. All gradations in composition are
found; from about 5% Fe. to an iron ore containing some
manganese; and finally pure iron ore. A solid ore ocon-
taining about 5% Fe. usually contains about 50% Mn, but
composes on the average, rather a small part of the whole.
The lower grade varieties with a high Fe, content in-
orease rapidly in quantity, especially in the higher
portions of the ore bodies approaching the ferruginous
zone, It muét be remembered though that this is a
general tendency. The ore bodies are always very

| . irregular//eeeee
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irregular in manganese values.

The result of the presence of such widespread
ferruginous content is to make the lower grade ore be-
tween the grades 12% Fe, and 44% Mn. and 25% Fe, and
25% Mn. available in tens of millions of tons, By
oontrast the ore of a grade of less than 107 Fe, and
more than 45% Mn, is available in a few millions of tons,
and has to be separated by oareful hand sorting. The
ore as a whole ‘then may be classed as low grade. There
is a distinet tendency for the Fe. ¢ Mn. content in the
ore to total 50% to 60%; since these metals are present
in complementary amounts.

It is significant that the higheft grade ore is as
a rule represepted by the more or less bouldery maéses;
formed; as it seems; by ascumulation in cavities and in
the residual soil of the dolomite; where little replace-
ment of rock substance ocourred. The bulk of the ore;
which represents the lower grade portion, has been formed
by replacement of the material in the basal Gamagara beds.

Where this process of replacement has been complete,
the form and nature of the original rock has been obli;
terated, resulting in a high grade homogeneous manganese
ore, for the most part highly crystalline, For the most
part, varying stages in the completion of this process
have occurred, and where it has been so partial as to
preserve the pebbles, grits, or shaly banding of the
original rock; the ore becomes low grade and is more often
than not; a highly ferruginous manganese « e,

During quarrying it is usually easy to distinguish
good ore from bad or highly ferruginous ore by means of

the//oocooo'o

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



1@s.

the following oriteria;

Good Ore. Ferruginous Ore.
Generally a bright lustre, Generally a dull lustre.

Yields a black or dark choco~ Yields a light chocolate
late powder, or reddish powder.

Generally homogeneous and Generally streaky, patchy,
crystalline, or dull and oompaot.

Usually brittle under the Usually ftough under the
hammer, hammer.

In addition to haematite as an impurity, the
ferruginous type of ore oharacteristically contains
blades, yughs and streaks of rose-red diaspore crystals,
This mineral is not of much consequence as an impurity.
Ip fact patches of manganese ore containing diaspore;
as a rule exhibit a great degree of elimination of other
impurities; and are highly crystalline; usually yielding
ore of a good grade. Another mineral of no importance
as an impurity and occuring very sparingly in these ores
is the "manganese mioa" or ephesite, described by Coles-
Phillips. (7) Barium is usually present, although in
the ferruginous type of ore, seldom as visible barytess

The following are representative analyses and assays
of sorted dumps of this type of ore;

Table 4,

locality. Average of. Metallic Mn. Met%_llic Fe, To;a,l_.

Beeshoek 13 samples. 55,2 4.81 60501
Doornfontein 7 samples 53;8 5;22 59,02
Paling 3 samples 51.8 6,85 58,68
Gloucester 17 samples 54,2 6472 60,92

These assays indiocate the nature of the high grade
ferruginous type of ore as mined for exports The assays

are//......
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ere taken from 21, pp.73-77.

Table 5.
1. 2, 8 4 s
Mn0p w0 s 4 she 4o
M0 30,47 9.9 6.5 9.55 82.5
Foo0 0.28 55.85 387 2145 6.1
11,0, 5.88 5.3 1;25 6.45  5.75
BaD - L75 628 2.05 285
510, 178 15 L4 Ll 4,65
s - 004 015 0.09 0.9
POz 0.45 0.5 020 015 0.10
B,0* nd. 2.0 0.5 2.85 2,65

HO -( €0,) 8.0 0,60 0.40 0.90 0,40

Total 100,06  99.54 08,32 95.79 98.04

Metellic Mn. 54.690  21.85 32.02 89.75 52.16
Vetallic Fe. 6.49 39,08 27.07 15.00 4,27

Metallic Mn Fe.61.18 60:91 59.09 54,75 56.43

1. A sample of high crystalline ferruginous type of ore.

2.y 3., and 4, Samples of various grades of ferruginous
type of ore showing shaly parting.

5. Sample of high grade orystalline ferruginous type of
ore containing diaspore erystals,

These analyses are taken from Nel, 21, pp.73-77. They
illustrate rather well the tendency for the manganese and
Iron content to be present in complementary amounts.

The following new analyses have been carried out

on samples collected by me;
T&ble 6.//.0--00
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Table 6
1. 2. 3.
A % %
10, 49,10 34,29 53,21
M0 27.72 22.68 34.61
Fag0, 7.03 21472 5475
1,0, 7.31 12.58 2433
510, 3.87 5.58 1.12
H0 * 1.40 1.14 0.79
Total N e VAR oT BT

Analyst: C.J. Liebenberg, of the Division of Chemi-
cal Services, Pretoria.

In the light of the eight analyses given in tables
5 and 6 above, the average 8102, A1203, and F6203 contents
are 2.4% 5.86% and 20, 64% respectively. They repre-
sent fair average samples of sorted dumps of the ferru-
ginous type of ore. The proportions of the main 1mpur1;
Plgffvl.e. silica, alumina and haematlte, are as 1:2.2 7'9
reSpéctxvoly. The merked preponderance of haematite as
en impurity justifies the appellation "ferruginous type"
to this ore.

(8) Ihe Siliceous Type.

This ore has been formed for the greater part
by impregnation and replacement of the substance of sili-
ceous breccias which lie upon the dolomite. (See sec-
tions 1K , 2.K., 3.K. 9.G., and 10.G.) It is signifi-
cant that the most intense impregnation and consequently
the richest and largest bodies of ore are encountered in
the Immediate vicinity of the dolomite, decreasing upwards

awey//eseees
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awey from this rock. Plate IIL, Fig, 2 shows the
manner in which this replacement has ococourred. Hver
widening veins of manganese oxides fill the cracks and
interstices of the breccia, passing through a stage in
which remnants of cherty material remain embedded in the
ore, to solid ore.

The ore containing numerous remnants of cherty ma;
terial presents a striking appearance, the white patches
of ohert contrasting strongly with the black matrix of
ore. In the outerop this rock has been named by the
miners and prospectors "marker" rock, and sometimes
"sausage ore." The latter term is more often applied
to the similar looking ore from Beeshoek containing
white blebby coneretions of hyalite and chalcedony.

hpart from remnants of chert, this siliceous ore con;
tains vughs and botryoidal growths of quartz, chalcedony
and beautiful elear acoumulations of hyalite. These no
doubt represent portion of the silica removed in solu-
tion from the siliceous breccia and shaly gouge, and pre?
oipitated in shrinkage cavities resﬁlting from the che-
mical alterations.

In the somewhat rare localities where the siliceous
brecoia is absent and the overlying Blinkklip breccia
oomes to rest on the dolomite, this rock in turn becomes
manganised to a greater or lesser extent. The resultant
ore is markedly more ferruginous than the usual siliceous
type.

As in the western belt; much ore has been formed by
sooumulation in the masses of ferruginous soil and chert
rubble resulting from the solution of the dolomite.

ThiS//coo cane
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This ore is as a rule of a high standard of purity and
resembles in every respect the ore produced under the
same circumstances on the western belt.

As a result of the mode of formation of this sili-
ceous ore, the ore bodies are irregular and discontinuous
in the extreme. Irregularly shaped masses of all sizes
of good ore are to be found in the breccias, but distribu=-
ted sporedically, and generally near the dolomite floor,
Such bodies grade and finger into the brecciated sili-
ceous host rock in the most bewildering fashion, resul-
ting in all gradations of ore from masses of the highest
purity to breccias merely fingered and veined with manga=~
nese, The result is that the most important impurity in
the ore is represented by its inclusions of silica.,

Because the silica rich areas are so easily visible
on the black background of ora; it is possible to greatly
improve the grade of ore by handcobbing., However, as
a result of the widespread distribution of the silica
inclusioné a stage is rapidly reached Where‘the cost
of handcobbing becomes prohibitive, and thus vast quan-
tities of manganese ore are discarded as Worthless.
Quarries in the siliceous breccia give, as a result, a
low return of ore to the amount of rock quarried, On
the average, production of a grade of say + 40% Mn. ore,
produces approximately 5% to 10% of ore as compared to
the 95% to 90% of rock and waste removeds Ore from the
siliceous breccias attains, on the other hand, a con-
siderably higher grade than that from the western belt,
and in favourable localities mining operations have been

handsomely repaid. Such is especially the case where

"bonanzas®//eceves
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"bonanzas" or large bodies of pure ore are encountered.
These bodies are usually pear shaped in general outline,
being broad near the surface and tapering in depth.
On one such large body up to 80;000 or more tons of 507%
Mn, ore, or even more, can be found, Recently a large
body of such high grade ore was discovered under unproQ
mising eover in the siliceous breocias, which were ad-
mixed with contorted Gamagara shale, on the farm
Pensfontein,

In further contrast to the ferruginous type of ore,
the menganese ore bodies in the siliceous breccia do
not readily betray their presenoe., They may be found
anywhere within the areas marked by a dotted pattern
on the maps G, and K. subject to the general rule that
the best and biggest ore bodies show a prediliction for
breccia intermixed with Gamagara shales; and a tendenoy
to be found in close proximity to the dolomite. The
latter rule is perhaps of more widespread applicability.
local miners lay great store by what they call "marker";
which is an outerop of manganiferous breccia, This
rock often indicates the presence of bodies of pure ore,

The probable role played by the Gamagara shales in
the breccias is discussed under section (6) below,

Another characteristic of the siliceous ores is
that they form far less continuous bodies than do the
ferruginous type ores, This fact is a natural conse;
quence of the nature and distribution of the respective
host rocks., The ferruginous ores originate in a bedded
sed imentary deposit; which has the continuity of a bedded
rock, and is restricted to a narrower zone than the

breccias//eesces
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breocias; which are remarkable for their heterogeneous
composition and variability of thiokness.

The following repreéentative anelyses of the si-
liceous type of ore are given by Nel; (2l.pp. 72;77.)

Table 7,

1. 2. 3. 4.

Z 4 z %
0, 70,30 73,15 5435 n.d.
MnO 780 13.50 95.25 md. M
FogOq 2;4 0,65 0.5 4.5
AL,0, 0,60 0,25 nil 0,50
Ba0 26.19  3.88 0.8  n.d.
510, 0,30  5.00  6.60 8.56
3 0.05 0,5 0,04 tr.
PO, 0.10 0.15 0.0 0,02
Hy0 2,00 1.50 0,80 n.d.
HyO- 0.25 0,70 0.35 n.d.

Total 99,59 98.83 98.34

Metellic M, 50,08 56,68 61,64 55.40
Metallic Fe. 1,68 0.46  0.35 8.1

Motallic Mn#Fe. 51,76 57,14 61,99 58.54

In the above analyses the average 8102; A 0q, and
Fezos contents are 5,11%, 0;31% and 2.01% respeotively,
They illustrate the type composition of the ;ilioeous
ores, The proportions of the main impurities, silica,
alumina, and haematite, are as 1 : O;Og ¢ 0.4 respectively.
This is a strong contrast to the proportions 1 : 2;2 : 7;9

respectively//s...
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respectively, in the ease of the ferruginous type of ore,
A marked feature of the siliceous type of ore is the
presence of barytes, sometimes in considerable quanti;
ties, as in analysis ), above, Iron is always present
as haematite, but in markedly smaller amounts than in
the ferruginous type. The main impurity now is silica,
while diasporﬁ is conspicuous by its absence, and alumina
is present only sparingly.

(4) Detrital Ores.

Detrital ore is found all along the
eastern slopes of the Gamagara rand in the vicinity of
outcrops. It is found lying on the dolomite, and; mixed
with soil, f£illing the ciavities and furrdw-like depres-
sions of the Karst surfage, which presented an admirable
structure to prevent the rapid dispersion of the frag-
ments which breek loose from the outcrops.

Some acoumulations are extensive, For instance on
southern Lohathla a great aceumulation occurs in a longi-
tudinal valley between two eminences sapped by ore out-
crops. Trenching revealed bouldery ore to a depth
exceeding 10 feet; and approximately 90% of the rock
removed consisted of manganese ore with more or less
haematite mixed. (Plate V. Fig, 2.)

Many millions of tons of broken ore must ocour in
this fa;hion. However, in the western belt this ore
is usually of a mediocre grade. At the large occurrence
on Lohathla aééays returned a fairly constant value of
38% to 40% Mn, and 18% to 20% Fe.

It is remarkable that on weathering, the haematite

eppears to be much more resistant than the manganese,

With//ooooo
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with the resulf that haematite pebbles and fragments
tend to increase in quantity further away from the
outcrop.

On Doornfontein, ore of a high grade was obtained
from a detrital deposif. The high grade may be due to
the fact that at this locality the weathering of sili-
oeous breccia contributed much of the ore.

In the eastern belt extensive deposits of detrital
ore have been located west of the breccia hills on the
lower hill slopes of dolomite; and the adjacent fringe
of the dolomite plain., They are all situated on the
farm Kapstewel, Unlike the similar ore on the western
belt, manganese forms but a small proportion of the
rubble littering the dolomite and filling the hollows
in the Karst surface, Most of the rubble is composed
of fragments of Blinkklip and siliceous breccias, haema-
tite, and quartz. The manganese ore, however, is of
a high grade, These eastern belt detrital deposits are

much smaller than those on the western belt.

(5) The Mineragraphy of the Manganese Ores.

Since this thesis embodies the results of an
intensive field study, which has been followed by simi-
lar field work elsewhere, it has unfortunately not been
possible to add new mineralogical data on the composition
of the ores. They have however been studied by Profes-
sor Sehneiderh8hn (30), who recognises the following
minerals: psilome}ane, pyrolusite, polianite, sitapa-
rite, braunite and manganite.

Concerning the relationship of sitaparite to braunite

and//-......
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and haematita, he finds that in the Postmasburg ores
sitaparite 1s younger than braunite; and grows idio;
blastically therein; the haematite included in the
braunite largely disappearing in the process.

Judging by field specimens; the commonest man-
ganese mineral is braunite, for ever and again frac-
tured speolmens of the crystalline ore, especially the
coarser types which are often wvuggy, exhibit pseudo;
cubic orystals, which occasionally are ;een to be tetra-
gonal, Psilomelane is also commonly encountered; com-
posing the major part of the massive non-crystalline ore,
This som;times exhibits a concentric banding or a bo-
tryoidal exterior, A peculiar type of wuggy psilome-
lane is pitted with wad filled cavities,

Manganito and sitaparite appear to be relatively
;caroe, although the: invariable presence of iron even in
the purest looking dre may be present in intergrown
sitaparite, Pyrolusite and polianite are occasionally
encountered as radial encrustations or masses, or as
oavity fillings. Radial masses of these orygtals up to
5 inches in length have beon found, A fine specimen is
in the possession of Mr, R. Brownrigg, chief chemist to
the Aésociated Manganese Co,

On Kapstewel beautiful masses of radial polianite=-
pyrolusite crystals several pounds in weight have been
found, On the northern part of map K. near the Klip;
fontein-Kapstewe) boundary the writer found an area of
siliceous breccia impregnated almost exclusively by

silwry masses of poiianite-pyrolusite crystals,

(6)////eseecass
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(6) Tho Origin, and Mode and Time of Deposition of
the Manganese Ores.

The fact that the manganese ore is everywhere

8o closely assosiated with the dolomite, coupled with
the fact that this rock invariably contains manganese in
notable quantities, points to it as being the source of
the metal, liberated by weathering.

In eleven analyses of the dolomites of Griqualand
West, R.B. Young (40) found that the content of combined
manganese and zine oxides ranges between 0,427 and 2;0%
In five analyses in a more recent paper (41) Young found
that the manganese oxide oontent ranges between 0.5% and
2,1%7. In 1927 Wel (21, p. 89.) found that the average
manganese content of the dolomite from Doornfontein to
Gloucester was 1.,45%, expressed as metallic manganesé.
Hence we have as a souroe of the manganese a vast bulk
of manganiferous rock which has undcrgone extensive sur-
face and sub-aerial denudation during at least three
periods of geologiecal time,

Apart from its proximity to the dolomite, the ore is
found to ocour in two rélatively porous zones of rook,
which no doubt afforded a suitable venue for the oxidation
end precipitation of the manganiferous solutions., These
zZones are;

(1) The ferruginous grits, conglomerates and shales
at the base of the Gamagara series, permeable in them-
selves and unconformably overlying the dolomite.

(2) The siliceous breccias lying beneath the masses
of Blinkklip breccie and banded ironstone, and forming en

uneven contact with the dolomite, which was itself
pI’Ob&bly//o XXX
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probably much shatiered. Manganisation of this rock

resulted in the siliceous barytes~rich variety of ore.

Two additional factors which may have greatly
alded the deposition and accumulation of the ore are
the followings-

Firstly, the presence of such active mineralisers
as ohlorine and fluorine in the dolomite and in the
Gamagara shales, as also in the matrix of shale in the
grits and conglomerates. It has already been shown
that where these shales are intermired with the sili-
oeous breccla, the largest and richest bodies of man-
ganese ore have been found,

Secondly, the fast that the local drainage along
the Gamagara rand runs across the bedding of the rocks
from east to west, (See map G,) The waters carried
by these drainages travel across a wide stretch of dolo-
mite, and must be highly ocharged with manganese, In
proof of this is the fact that on the calcareous tufae
in such drainages, botryoidal encrustations of psilome-
lane have been found, On reaching the Gamagara rand,
they have to pass over the upturned edges of the Gama-
gara rocks, which dip westward and are thus ideally
placed to catoh and absorb the manganiferous waters.

For this reason it is not necessary to postulate
that all the manganese ore along the Gamagara rand
resulted by acoumulation of the manganese residue of
the dolomite removed by sub=surface solution in situ.
However, judging by the amount of sub-surfece solution

which has actually taken place, (Plate V. Fig. 1) much

Ore//.....
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orc must have osiginated in this manmer., It seems,
though, that the main contribution came from the vast mas-
ses of dolomite weathered away from the adjacent plain,

The breccia hills, vhich are mostly situated at
o high level elong the local watershed, (map K.) could
have hed little such extraneous contribution. waever;
the brescistion of large masses of dolomite underlying
the siliceous brescias must have readily released suf-
ficient manganese to form the ascumulations observed,
Local migrations no doubt caused local concentrations
of ore,

The chemistry of the process seems to be quite simple
too, The manganese in the dolomite appears to be in the
form of oarbonate, (the mineral rhodochrosite) which is
readily soluble in carbonated waters, Rain water is
carbonated to a smell extent by its passage through the
air, and additionally so on making contact with the
carbonate rich dolomite., The manganese carbonate in
such solutions takes part in a reversible hydrolising
reaction, while the hydroxide so formed is readily oxidised
in contast with the alir, especially when it permeates
& porous medium and exposcs a large surface of thin films
of solution to the air, Under these conditions the
reversible reaction moves continually forward, precipi-
tating mangenese, for on oxidation the manganese becomes
relatively insoluble and precipitates out.

With regard to the physico-chemical reaotions, the
following observations are of great interest:

Tillmans (29) in 1914 determined the following

reastions for iron and manganese bicarbonates =

(1)//ceenes
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(1) 2Fe (HCOg)p+ O+ HoO +~ 2Fe(OH)g+ 4C0p.

(2) Mn(HCOg) g+ 2Hy0 wr  Mn(OH) g+ 2H,C004.

Under oxidising conditions the Ma(OH), readily loses
water and relatively insoluble manganese oxides preci-
pitate. Savage (29) found experimentally that,

(1) Manganese in primary distribution in rocks is
taken into solution chiefly by the action of
carbonated waters,

(2) Carbonated waters will take manganese carbonate
and manganous oxides into solution; but the higher
oxides of manganese are soluble only to a very
slight degree,

De Witt (11) found that pockety occurrences of
menganese ore in the Montreal mine, Wisconsin, origi-
nated in solution, oxidation and precipitation of manga-
nese contained in disseminated rhodochrosite.

It seems'then that at Postmasburg the following
;eries of physioo;chemical reactions resulted in the
formation of the ore, aided no doubt by the precipita-
tive action of pyrolusite (42) and possibly the unknown
action of the mineralisers chlorine and fluorine, These
are the probable reactions:

(1) HéO (rain)+.002,»u»”"... HZGO3.

(2) 2Mnc0, irhodochrosite) + 2HpC0g. swws MN(HCOg) o0 ( 50
in dolomite ) 1ble)

(3) Mh(H003)2+-2H20 rvﬁvah(OH)2+ ZHZCO .
(4) BHpC0q &5 200, (dissipates) + 2H,0. (evaporates).
+0p IV recipitates) + eva=
(6) 2n (OH)g+ O 77, 2Mn0p (precipitates)+ 2Hq0, (
porates).
In reaction (5) it is seen that under oxidising con-
ditions, manganese dioxide precipitates out, and the

Whole//......
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whole series of reactions move forward. waever;

in praotice the reactions are no doubt complicated by
the presence of other radicles, during whioh a series
of manganese oxides could precipitate out, combining
with more or less of iron, silica, barium, etc. to
form the complex and impure manganese ore minerals
found in the field.

In studying the field relations, it is found that
the manganese extensively replaces the silica of the
breccias, and the iron oxides and silica, and even the
alumina, of the Gamagara rocks. Probably concomitant
with the precipitation of the manganese, the solutions
dissolved corresponding amounts of these materials, the
manganese thus gradually replacing them.  Another fac-
tor which may have acted strongly as a precipitative
agent, is the effest of pyrolusite on manganiferous waters,
a; observed by Zappfe (42) at Brainerd in Minnesota.
The pyrolusite tends to precipitate out manganese even
in very dilute solutions. Hence, when once manganese
oxides, especially MnOo, or pyrolusite, have collected
in a favourable zone, the precipitating effeect is ocumu~
lative.

As regards the time of the formation of the man-
ganese, we can in the first place say thgt it is definite-
ly post-Matsap, sinoce the Gmnagara; (Matsap) sediments
are replaced, as well as the breceias, which have themé
selves been shown to be post-Matsep, In this connec-
tion it should be repeated that not a single frag@ent
of detrital manganese ore or siliceous breccia has been
found in the Gamagare conglomerates, indicating that

these//......
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these rocks were non-existent in pre-Matsap times.

Considering that the process of oxidation must
occur during a period of denudation, we have to con-
sider the two post-Matsap periods of denudation, namely
the pre~ and post-Karroo intervals of erosion, as fa-
vourable periods of time, In view of the glaciation
in pre-Karroo times, it seems unlikely that processes
of oxidation oould then have been active, hence e have
to conclude that it is most likely that most, if not
all, the manganisation took place in post-Karroo times.
Vast masses of Karroo beds had first to be removed by
erosion in this post-Karroo period, and the presence
of remnants of Karroo beds not far to the south of the
ares, and even the preservation of local glaciated
pavements, indicates that the last covering of rocks
was but recently removed, The above evidence, therefore,
indicates that the Postmasburg manganese ores may have
been formed as late as the Gretaocous, or rather that
their accumulation commenced as late as the Cretaceous,
and that this process of accumulation is still pro-
ceeding.,

An argument, indeed the chief argument, against
the recent formation of the manganese ore is its cry-
stallinity. Expression has been given to this view
by Kaiser (18) who sees in this crystallinity long
periods of metamorphisms Personally, I would rather
believe the Geological field evidence, and would not
lay much store by armchair theorising on scanty mi-
croscope evidence. I have seen every corner of the fields,
and every quarry, while Kalsers acqualntance was re-
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strioted, I believe,to & hurried series of views from
a motorcar window,

With regard to the crystallinity of the are, it
is interesting to observe that in the Krugersdorp dis-
triot of the Transvaal, post-Pleistocene manganese ao-
cumulations are every whit as crystalline as the Post-
masburg ores. (Recent investigations by the writer.)
In addition, the possible crystallising effect of the
mineralisers chlorine and fluorine in the Postmasburg

area must be considered,

(7) Rough Estimates of the Ore Reserves.
(a) Method of Lstimation.

Owing to the extremely irregular and sporadic nature
of the bodies of manganese ore throughout the fields,
socurate estimatlons of tonnages are impossible.

waever; the painstaking survey and close study
of the greater part of the manganese fields has made it
possible to obtain figures which will convey a oredible
impression of the extent of the manganese resources.

The figures moreover, convey a relatively clear impres-
sion of the comparative values of the properties listed.

The most important parts of both the western and the
eastern belts have been geologically surveyed on the
large scale of 100 Cape roods = 1 inch, or 1/14875.

These maps, together with the personal knowledge of the
properties concerned gained during the mapping, forms the
basis of the estimations,

On the western belt the actual extent of the manga-
nese and more ferruginous manganese outcrops has been
shown., For each locality the actual area covered by

the//o.ooon
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the ore has been gauged by superimposing an accurately

drawn grid of very small squares over the map on a tracing
table, and counting the number covering outcrops.

Each square has a side representing a length of 4 Cape roods,
or about 12,8 yards, on the map.

The thickness of the ore-beds varies enormously
within short distances, from massive ore bodies 30 or
more feet thick, to less than a foot. Such thin ex~
tensions were not mapped, and are of very small extent.
For purposes of estimation, a low arbitrary average thick-
ness for each locality was taken, and the tonnage of
manganese rock calculated according to the number of
squares counted, taking 8 cubic feet per ton. The
arbitrary thickness chosen for the ore bodies were ad-
justed according to the prevailing thicknesses noticed
at those localities during the mapping.

Finally, the mining experience for each locality
was taken into account in estimating the percentage
saleable ore in the gross estimate of the amount of
manganese rock,

Errors may have been made, firstly, in the drawing of
the boundaries of the map, but these cannot be of great
consequence, for the outcrops are well exposed in the
field, and during mepping the plane table was set up
every 100 to 200 yards to determine the exact positions
of the boundaries. In complicated sections, even
closer set-ups were made. Secondly, in counting
squares errors may have crept in, but recounts over certain

areas, yielded substantial agreement. Thirdly, the

greatest ]
inaccuracies//seeeee
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inaccuracies could have been made by the necessarily
arbitrary thicknesses chosen, but there is mo alter;
native, The thicknesses chosen were moderate, and

must represent a low average,

No allowance was made for detrital ore, of whiech
there are considerable quantities, nor of probable ore
extending locally beneath the shales and quartzites,
Only exposed ore was taken account of.

On the eastern belt and the southern extremity of
the western belt, where the ore ocours in a siliceous
breccia, the exposed extent of this siliceous breccia
was determined by the method of counting squares, and
the tonnage calculated of only the lower highly manga-
nised portion taken at an average of 20 feet thick,

The actual thickness of the manganised portion is common-
ly 40 to 60 feet, and the entire breccia up to 150 feet.
The manganisation however, is very sporadic. It is
only the lower levels nearer the dolomite that are man-
ganised sufficiently to be exploitable.

In the medioore quarries on this type of rock, the
yield of saleable ore to rock and low grade ore is in
the region of 5% to 10%. This is more the rule than the
exception; therefore 5% of the bulk of the manganised'
siliceous breccia is taken as saleable ore. Further,
owing to the diffioult nature of the mining ip this
rock; 25% of the saleable ore so calculated 1s taken
as readily accessible.

No account was taken of detrital ore, of which
there is a considerable quantity socattered along the
lower slopes of the hills on Kaps?ewel.

On//eeues
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On the western belt the ore is practically all
readily accessible except on southern Doornfontein and
Beeshoek, where much overlying and intercalated shaly
matter usually intervenes.

In conclusion, it should be mentioned that the
distinction between "saleable" and "readily accessible"
ore is made owing to the faet that the narrow margin of
profit makes saleable ore, which is not readily accesible
because of overburden, its scattered nature, depth in
quarries etc., an uneconomic proposition,

It must not be thought that the listed tonnages cover
all the ore present, for the certain local extension of
the ore bodies beneath shales and quartzites on the western
belt, and beneath Blinkklip breccia etc. on the eastern
belt, represent reserves of ore, at present unexploitable,
which may treble the above figures. Besides the proper-
ties listed below, there are outlying properties not ap-
pearing on the large scale maps, which no doubt hold a
éonsiderable tonnage of ore,

(b) The Estimates.

Table 8,

Tonnage Estimates.

locality. Tons of Manganese Rock. Saleable ore., Saleable
F a ferruginous type) MApprox. gra~- and Readi-

S = siliceous type,)  des one tfo i% acoess-
four. ible Ore,

BISHOP,
&) northern hill...,.. 1;400;000 -700;000 700,000
b) east-central hill.. 1,875,000 1,600;000 600,000
o) near quartzites.... 210,000 100,000 100,000
d) north of beacon,... 1,100,000 900,000 900,000
Totalesoes.s 3,200,000 1,300,000 F.
IVDROWM..:.O (X
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MOROKWA,
Cevesenaine 250,000 200,000 200,000 F/
LOHATHLA.
a) north-eastern corner,.l,200,000 700,000 700,000
b) hill to the souths.... 900 7000 400 "000 uOO ‘000
¢) north of poort........ 90 "000 80 000 30, ,000
d) eastern ridge, south :
Lohathla.......z 450,000 1,500,000 1,500,000
(e) western ridge, south ' '
Lohathla....... 950,000 400,000 400,000
Totaleseovoos. 3,030,000 3,030,000 F,
LOMOTENG.
a) north-eastern corner,, 750,000 550,000 550,000
b) along Lohathla fence.. 730; 7000 100 -000 lOO 000
¢) north of roade..ev.ess 280 000 30 "000 30 000
d) south of roadeceescees 130 000 50;000 50, ~000
Total 730,000 730,000 F.
GLOUCESTER.
iaghill cappingsas. 40,000 20,000 20,000
b) north of loading - :
plant,..... 4,000,000 2,800,000 2,800,000
(o) south of loading plant - S S
to southern boundary.l , 360,000 600,000 600,000
Totalesesecsnsss 3,420,000 3,420,000 &
JAPIES RUST.
760,000 400,000 400,000 F,
MARTHAS POGRT.
850,000 450,000 450,000 F,
DRIFHOEKSPAN.
900,000 500,000 500,000 F.
PALING//..-..-'
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PALIN(L
§a§north of poort.... 1,300,000 900, OOO 900; 000
b)south of poort.... 1 400 ,000 950 000 950 OOO
Total...... 1,850,000 1,850,000 F.
DOORNFONTEIN,
(a)north of Lace's Goat -570;,000 250,000 250 ;000F,
gbgsouth of Lace's Goat 3,100, ~000 1900 000  500; 7000 I,
southern part of farm 28 500, %000 1400, ’000 500 000 S,
Total..... 2,650,000 1,250,000
BEESHOEK
(a)ferruginous type 11,400; 000 4, 000 OOO 1 "500; OOO )
(b)siliceous type 18, 800 7000 840 >000 210 ‘000 S,
DOORNPUT.
8,900,000 440,000 110,000 S.
KAPSTEWEL.
(a) south-eastern corner 4 ;900,000 240,000 100,000
(b)east and south of
51dingse... .. 6,200,000 260 000 80,000
(¢)north of siding 24,800,000 1,240,000 350,000
Totales..... 1,740,000 530,000 S.
KLIPFONTEIN.
(a)hill in south-western : :
COTNET.. ... 8,400,000 420,000 110,000
(b)low hill with large : : '
boulder,...... 6,200,000 310,000 80,000
(¢)large hill behind the -
homesteadeeess... .43,000,000 2,150,000 500,000
Total...... 2,880,000 690,000 S,
RESUME,
Tonnage//ve.es
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Tonnage of saleable and accessible

ore of ferruginous type on the west-

ern belt from Bishop in the north

to Beeshoek in the south.s.eeees...... 14,100,000 F,

Tonnage of saleable and accessible
ore of the siliceous type on same
portion of the western beltiveeeecoss. 710,000 S.

Totaleeso.. 14,810,000 F.and S.

'Tonnage of saleable and acoessible
ore of the siliceous type Doornput,
Kapstewel and Klipfonteln.sse...... 1,330,000 S,

Total for area covered by large scale  --
MEPSe voveonnocnnsos Ceeieaaes vevsees. 16,140,000 F,and S,

Total reserve of saleable ore probably - :
available in the same are&,seecec..... 26,430,000 F.and S.

(B) The Iron Ores.
(1) General.

As in the case of the manganesc ores, the
iron ores can conveniently be divided into two groups,
oalled; in accordance with the nature of their parent
rocks, the "Blinkklip" type and the "Conglomeratic" type.
The former has been formed directly by ferruginisation
of the banded ironstones of the lower Griquatown series
in the zones where these rocks have been brecciated or
disturbed., The latter has been formed directly by the
ferruginisation of the basal beds of the Gamagara series,
comprising the coarse scree-like detritus, the conglome-
rates, the grits, as well as the shales of this series.
For this reason the "Conglomeratic" type of ore can be
subdivided into a conglomeratic variety and a shaly
variety.

Because the ferruginous basal beds of the Gamagara

series//veace
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series were derived by acoumulation of the detritus
yielded by the lower Griquatown banded ironstones by
weathering, the latter rocks are the main source of the
iron composing the iron ores of the region.

(2) The "Blinkklip" Type,

In the areas under considera-
tion, this type of ore is sparsely represented. Scatter-
ed and isolated patches occur in the Klipfontein hills;
(map K.) where the largest bodies are seen to outerop on
the western rims of the synclinal masses of Blinkklip
breccia (grading into banded ironstone upwards, or uncon-
formably overlain by Gamagara beds), capping the hills to
the east and north of Manganore rail terminus.

Other bodies are found at the extremity of the Gama-
gara rand from Beeshoek southwards, underlying highly
ferruginous grits and conglomerates. These bodies of
ore are seen to be composed of brecciated and contorted
banded ironstones; in which the chert bands have been
completely replaced by haematite.

A fine outcrop to study when considering the relations
between this older "Blinkklip" ore, and the younger "con-
glomeratic" ore overlying it in conformable manner, is
afforded on the low east facing hillside in the longitudi-
nal valley about half a mile north;east of Beeshoek vil;
lage, immediately opposite the explosives magazine.

(See map G.)

It should be noted in this connection that Wagners
interpretation of the structure and origin of the rich
hasematite ores on Klipfontein; is erroneous. (36.pp.184=
186, and Fig. 29.) He regarded them as lens-like concen-

trations dipping steeply westwards, in the banded ironstones.
1t//seens
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It must be mentioned that he gained this impression
after studying the Crocodile river ores in the Trans-
vaal, which are indeed such steeply dipping bodies in
banded ironstones,

The "Blinkklip" type of ore is the true counter-
part genetically and structurally, of the Crocodile
river iron ores. The outerops depicted by Wagner on
Klipfontein, however, belong to the totally different
"conglomeratic" type of ore, In fact, the "Blinkklip"
type of ore is sparsely represented in the whole Post;
masburg region, when compared to the plentitude of the
"eonglomeratic" ore. In magnitude and extent the
Postmasburg "Blinkklip" ores, are not to be compared with
the huge lenses, up to 130 feet thick, encountered in the
Crocodile river area. (Recent unpublished report by the
writer, compiled for the Geological Survey.) In the
Po;tmasburg area, the aggregate tonnage of the "Blinkklip"
ores total only a few million tons, as compared to the
ten; of millions of tons represented by the "conglo-
meratic” ores. (See table 14.) The largest concen-
tration of the "Blinkklip" type of ore along the Game-
gara rand occur in the extreme north of the belt, and
are dealt with in a Geological Survey publication. (34.)

The following analyses of the "Blinkklip" type of

ore indicate its richness:

Table 3.
1. L ] .
% % % A

F9203//0-ooooo
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Feg0, 96,88 95.62 87.99 89,10
FeO 0.15 0,38 tr, 0.28
510, 1,90 2,83 7,30 8.18
K150, 0.09 0,11 0.16 0.80
MnOy 0.23 0.10 tr. 1,57
CaC0q 0,05 0,10 2,68 0,16
MgCOq 0.11 0,12 0.11 nil
Ti0o nil nil nil 0.14
PO, 0.122  0.139 0.016 0.09
A5203 nil nil nil nil
50, 0,012 0,045 0,005 n.d.
Cu tr nil nil n.d.
o, tr tr 1,74 wmd.
S tr tr tr n.d.
H,0 0.45 0.47 0.73 0.40
B,0- 0.04  0.06 tr 0.05
Total  100.03  99.97 100,23 10077
Metallic Fe. 67.94%  67.24% 61.59%  62.52%
Sulphur 0.005%Z  0,018% 0.002% n.d.
Phosphorus  0,053%  0,061% 0.007% 0.04%

Sample 1. is from Doornput (map XK) and samples 2

and 3 from Kapstewel. (map K) The analyses were done

for South African Manganese Ltd. by Messrs, Riley, Har-

bord and Law, London. Sample 4 is a manganiferous breo-

oiated banded ironstone from the Klipfontein hills.

Mnalyst, Dr. B.,W., Marloth, Division of Chemical Services,

Pretoria.

It will be noted how low in phosphorus and sulphur

the ore is, and the virtual absence of mangenese, exoept

in sample 4, which lay adjacent to the dolomite, and

W&S//o-.--
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was seen in the hand specimen to contain manganese,

This latter ore is rare and unimportant.

(3) The "Conglomeratic" Type.
from
This ore, formed the basal
rocks of the Gamagara series, grades in texture from
coarse and sub-angular accumulations of banded iron-
stons detritus, through true conglomerates, grits,
gritty shales and haematite shales, to soft aluminous
shales rich in iron. The coarse conglomerate bodies yield

the largest masses of ore.

(a) The Conglomerates.

Large and conspicuous masses
of this rock are encountered at the northern and southern
extremities of the Gamagara rand. The bodies on the
southern portion appear conspicuously at Lace's Goat
on Doornfontein, (map. G.) and attain their maximum in
the enormous bodies on Beeshoek and Olynfontein. The
cre bodies are massive and often form rounded cliff-like
masses 30 or more feet high., As a rule they represent
valuable deposits of high-grade ore.

As explained before; the pebbles and fragments in
the conglomerate are almost exclusively formed from
high grade haematite, non-ferruginous fragments being
rare., It is probable that during deposition of this
rock, a natural process of concentration of {the iron
Wa; at work. The detritus from the underlying and ed-
jacent banded ironstones was, apparently, 1argely‘a con-
centrate by weathering from the highly ferruginous
portions of these rocks. By reason of its superior
resistance to weathering and its high specific gravity,

the//oocoo
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the hard rich haematite became concentrated in these
coarse deposits in the vicinity of the parent rock;
?hile the lighter non-ferruginous fragments weathered to
smaller size, and were transported further afield.
A parallel to this process is afforded by the extensive
"ecanga" scree deposits of haematite ocourring in the

state of Minas Geraes, in Brazil, (Leith and Harder. 43

pp. 670-686).

The mafrix of the conglomerate is very subordinate
in amount, and consists of ferruginous clayey matter and
sandy material aligned parallel to the rude stratifioa;
tion of the rock. (Plate I. Fig. 1.) This matrix ha;
;n addition undergone secondary“ferruginiation, and is
shot with secondary intergrowths of specularite. (Plate
VII, Fig. 1.) This greatly increases the total of iron
present in the rock.

It is noteworthy that in the somewhat rare outcropé
of these grits and conglomerates which are poor in iron;
showing no sign of secondary enrichment, a scattering of
pebbles of pure haematite are present amongst the sili-
oeous pebbles of quartz, chert and jasper. This fact
;hows that extensive ferruginisation of the banded iron-
;tones had teken place during the pre;Matsap period of
erosion. The complete absence of pebbles or fragments
of manganese ore in these conglomerates indicates that
at that period the manganese ore had not yet been formed.
The iron is therefore in part at least much older than
the manganese.

The following analyses indicate the richness of the

conglomerate ores:
g Table 10//ceces

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



O TuhIEeeIThI s P ey ORIn
133,
Table 10.
10 2. 3.
% % %
Fes0q 97.74 97,42 89,43
FeO nil nil nil
8104 0,70 1.54 | 5,19
A150, 0.55 1.30 3.41
MhOz tr tr tr
CaC0qy tr | tr tr
Mg003 tr tr tr
Ti02 nil nil nil
PO 0.27 nil nil
Ho0 0.47 0.54 1,87
Ho0- 0.25 nil 0.10
Total 99.98 100,30 100,00
letallic Fe  69.31% 68.10% 62. 50%

Analyst: C.J, ved. Walt, Division of Chemical Services;
Pretoria.

The above samples are from the northern end of the
Gemagera rand., The ore of this tUype encountered within
the confines of maps G. and K. is of the same order of
purity. Sample 3 in these analyses was apparently of
lower grade because of the quantity of aluminous mairix,
reflected in the high percentages of silica, alumina and
combined water, Nevertheless, it is a high grade iron ore,
owing to the quantity and richness of the pebbles of
haematite.

It should be noted that manganese is virtually absent;
owing to the fact that these samples were taken from ore
bodies lying on banded ironstones. Where the {ransgres-

sion of these beds brings them to lie on the dolomite,//,...
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dolomite, as for instance from Lace's Goat on Doorn-
fontein to beyond the nothern confines of map G.,
variousmstages of manganisation can be observed.  The
manganisation is seen to have attacked the matrix first,
and eventually even the haematite pebbles are more or
less replaced by manganese; resulting in all grades of
manganiferous iron ores.

(b) The Shales.

Ferruginised Gamagara shales re-

present some excellent high grade haematite ore; and a
larger quantity of lower grade haematite ore, containing
considerable alumina, The tonnage available, however,
is much less than that represented by the often thick mas-
;es of conglomerate; because the shales are ferruginised
in a more sporadic manner than the conglomerates, and the
shale horizon is generally thinner,

At some localities; such as on Klipfontein (map X.)
the Gamagara shales have been completely ferruginised,
resulting in a massive laminated haematite often exhibi;
ting intense puckerings. (?late IV. fig. 2.) It is
such & body of ferruginised shale occurring at the back
of Klipfontein homestead which Wagner and Jourdan mis-
took for a steeply dipping lens of ferrug}nous banded
ironstone. The occurrence in question is actually flat
lying and represents the crest of the anticlinal fold
ocourring on the eaét side of Klipfontein hill, (Sec;
tion 2. K;) Because of this habit, the ore body con-
tains only a few thousand tons of ore; and nowhere near the
estimate of Wagner of 2,400;000 long tons.(36.p.186.)

The//eeess
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The writer was himself misled for some time by this
oocurrence, until it was found that the body formed the
orest of an anticline of Gamagara shales, and was seen
to connect up with, and grede into, adjacent less
ferruginous Gamagara shales and grits lying in an ob~-
viously unconformable manner on the lower Griguatown
banded ironstones and their brecciated counterpart, the
Blinkklip breccia. In addition, a close investigation
revealed lens-like remnants and blebs of shaly matter
in the ore itself, The presence of diaspore crystals
in these "schlieren" of shaly matter showed it to be an
altered Gemagara shale.

Although these Gamagara shales contained much iron
originally, as shown by practically unaltered varieties, the
intense ferruginisation observed is definitely post-
Matsep in age. The ariginal iron was probably, as in
the case of the conglomerates, derived from the bande@
ironstones by erosion, in the form of ferruginous muds,
The second period of ferruginisation must have been
brought about in post-Matsap times by iron bearing
waters, probably derived in large part by leach§ng of
the shales elsewhere, thus explaining the intense loss
of iron experienced by the pale aluminous portions of
the shale horizon.

The puckering observed in the ore shown on Plate
IV, Fig. 2., most likely occurred while the shale was
still in its inoompetent un-enriched form, end therefore
its complete ferruginisation must be later than the
post-Matsap deformations; It is likely that these
deformations opened fissures and channels affording

0asy//vees
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easy aocess to the shales by ferruginising solutions,
In some cases no doubt, guitable geological structures
were utilised, forming "saddle" reefs in anticlines, as
seems to be the case with the ore body desoribed by
Wagner (36) from the kloof at the back of Klipfontein
homestead.

The following analyses are given by Wagner (36.p.
186) of samples taken from this ore body. (N.B. The
owner of the farm, M@. Snyman, who aocompanied Wagner,

showed me where the samples were taken.)

Table 11,

1. 2. 3, 4.

A % % %
Metallio Fe. 66,85 65,10  68.50 69,10
530, 2,60  3.70 1.30 0,90
T102 tr tr tr tr
PO 0.15 0,10  0.10 0,10
S 0,25 0,20 0.30 0,30

Analyst: J. Moir,

The ore is seen to be of excellent quality. Un-
fortunately the alumina was not determined, since this
may have indicated the shaly origin of the ore.

The following are recent an aialygses of ithe shaly

haematite ore:

Isble lg,
10 20 30
% 7 %

F6203//......
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Fe,0q 98,87 38,52 71,72
FeO nil Oo 93 10 14
510, 0.86 6,03 11,16
1,0, 0,10 43,56 10,28
Mn0,, 0.07 0.18 nil
CaC0q tr 0.23 0,12
M'gCO3 tr nil nil
Ti0, nil 1.44 0.62
Ba0 n.d. nil 0,57
Py0g nil 0.15 0,17
V205 nil nil nil
Aszo3 n}l nil nil
5,0 0.41 8.10 4,29
Hy0- nil 0.13 0.51

Totals.. 100.81 99.27 100, 58
Metallic Fe. 67.82% 27.68% 51.00%

Analyst: Dr, B,W. Merloth, Division of Chemical Services
Pretoria. |
These three analyses are interesting since they show
three stages in the ferruginisation of the shales., 1;
represents the complete ferruginisation; the sample
coming from Doornput, and similar to that illustrated
on Plate IV. Fig, 2. 2, is a practically unaltered
Gamagera éhale from lomoteng, and probably indicates
the original composition of the shales, while 3. is
a partial}y enriched shale also from Lomoteng. This
gsemple was markedly pisolitic.

(4) The Silioceous Blinkklip Breccia,
This//OCOQQloooo..o-.o
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This rock must also be classed as an iron

ore, for despite its relatively poor iron content, the small

amount of deleterious constituents present, combined

with the vast reserves of easily available orz of this

nature adjacent to the rallways, makes it of economic

interest.

Huge bouldery masses and cliffs of this

rock lie scattered all over the area, (Plate I. Fig.

2.) and the reserves run into thousands of millions of

tons. The rock as a whole appears to be richer in iron

than the parent banded ironstone, for the breccia has

been cemented by secondary haematite in the form of

glistening specularite scales, as well as silica.

In 1927 bulk samples weighing 25 tons each were

degpatched to Germany for beneficiation tests, and

the following analyses were carried out on samples of

this material:

Table 13.

1. 2

% %
FeO nil ﬁr»
SiOz 52,31 5..41
A1203 1,00 tr
MhOz 0.67 1.68
CaCO3 tr 0,17
MgCO3 tr 1.11
T102 nil tr
P205 nil nil
VgO5 nil nil
A5203 nil nil
S Nede 0.01

3.
46?25
tr_
51,65
tr
0.92
0.11
0,92
tr
nil
nil
nil

0,17

HoO //wesos
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He0 0,34 0.29 0.28
Hy0~ nil tr 0.02
Total.... 100,73 100,82 100,32
Metallic Fe 32,48% 32, 247% 32.387%
Analyst: Dr. B.W. Marloth, Division of Chemical Services,

Pretor ia.

These analyses seem to show how remarkably constant
in composition the Blinkklip breccia is. The sampleé
analysed all come from the same portion df the hill
immediately north of Mangenore rail terminus. A further
interesting Qoint in these analyses is the constant
presence of small amounts of manganese, It may be that
this manganese is original, and that manganese leached out
from the Blinkklip breccia added to the acoumulation in
the siliceous breccia below. There is no evidence in
favour of this. On the other hand the manganese may
represent an impregnation from ascending solutions from
the dolomite, which deposited most of its manganese in
the siliceous breccia en route. This explanation is
the more likely, for the siliceous breccia immediately
below the Blinkklip breccia at this locality is marked-

ly manganised.

(5) The Detrital or Scree Deposits.

These deposits of iron
ore are widespread, and represent a considerable tonnage
of high grade ore. They are found covering the hill
slopes and fringing the adjacent flats in the vicinity
of ore outcrops, especially of the rich Blinkklip and
shaly varieties, which are prominently placed and

disintegrate//eeess
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disintegrate readily by splitting, yielding masses
of haematite rubble which are extraordinarily resistant to
weethering. These soree deposits are always admixed
with more or less chert and banded ironstone fragmehts.
They are very irregular in nature, being shallow where
the dolomite is near the surface, and thickening to
20 feet or more where the rubble has filled depressions
in the dolomite.

This ore is of considerable economic value, both
because of the extent and richness of the deposits, and
because it can be so cheaply worked. If necessary
production can be commenced on this kind of deposit
without any development work.  All that is necessary
are pioks and shovels and sorting of the rubble to be
transported to rail.

(6) The Texture and Mineragraphy of the Ores.
The highgrade Blinkklip

and shaly ores are composed of hard massive gray haema-
tite interspersed with layers, lenses and nests of more
coarsely crystalline specularite, On weathering these
ores give rise to large oubical blocks tilted in all
directions, the planes of parting being along the softer
specularite layers, and along vertical joints.  The
splitting of the ore of these types on weathering will
facilitate mining to a great extent, especially since
these ore bodies are shallow, often being mere cappings,
the whole ore body being exposed in most cases.

A further consequence of this splitting into blooks,
is the production of large scree deposits, which can be

very cheaply worked.
The//......
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The lowgr grade shaly ores are interbedded in
?he Gomagara sediments, and closely follow their dip and
strike, The haematite is contained in stars and
clusters of specularite orystals dispersed in an une-
tuous mass of aluminous material and diaspore orystals.
(Plate VII, Fig, 1.) In much of the shale however; the
haematite is dispersed and imparts a brick red colour to
the rock,

Mineralogically, the ores are very simple; being com-
posed almost exclusively of haematite, which seems to be
of two ages at least as in the Crocodile River ores, (36)
The older generation of hoematite is fine grained, hard
and compact; and apparently represents the original
haematite of the rook., The replaced chert or alumina
is represented by the younger generation of haematite,
which is composed of medium to coaréely erystalline
specularite, Cavities are lined or filled with this
mineral; in large cavities in a series of conceniric
loyers, with occasionally a kernel or filling of pellucid
white gquartz or chalcedonic silica, This silica probably
is locally precipitated from solutioné which have leached
it from its disseminated state in the rock.

There is very little magnetite in the ores, as the
analyses show, Possibly the conditions accompanying the
process of ferruginisation resulted in the oxidation of
most of the magnetite, especially in sush a magnetite~
rioh parent rock as banded ironstone.

The conglomerates form typically large massive
poaies and outerops which weather to a very different form,
sealing and exfoliating to huge rounded boulders and

shapeless//eeeses
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shapeless masses. In this case much drilling and
blasting will have to be resorted to in mining, since
the rock is extremely tough and joints are few.
However, advantage moy be taken of the rude bedding
in the rock, which is at places marked (Plate I. Fig.l)
and will facilitate mining,

The iron is for the most part in the form of
massive haemﬁtite, with to a leséer extent coarsely
crystalline specularite; which apparently could not
withstand weathering to the same extent as the massive
variety, The pebbles have the same texture as the high
grade Blinkklip and shaly kinds of ore, while the matrix
has the texture of the crystalline diaspore-bearing shales,

or the unctuous ferruginous shales.

(7) The Origin; and Mode and Time of Deposition

of the Iron Ores.

In the previous section§
it has been shown that a great_deal of the iron ore was
formed a; early as the pre;Mhtsap cycle of erosion, while
evidence of later ferruginisation ig provided by the
enrichment of the Blinkklip‘breccias and Gamagara con-
glomerates and shales. The period of this later
ferrugini;ation is therefore post;Matsqp, and subsequent
to the era of deformation.

Wagner (36;p.187.) infers that there were several
periods of haematitisation. Of the earliest and apparent-
ly most intense period, which seems to have been during the
time of pre«Matsap erosion, he says, " == it is to be
presuned that that (period of haematitisation) which
preceded the main brecciation was a result of the

convergence//s.ess
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convergence into troughs and basins, formed by
The solution of the underlying dolomite and initial
slumping of the banded ironstones, of oxygenated
iron;bearing surface Waters; that dissolved silica
and deposited haematite in its place. Subsequently,
as a obnsequenoe of further solution of the dolomite,
leading to renewed slumping and subsidence, the al-
ready;formed ore and assoclafted banded ironstones were
brecciated and the interspaces of the breocia filled
with haematite,"

The findings in the present work are in general
agreement with this view, except that the main brec-
ciation is ascribed to the post;Matsap tectonic move-
ments; and the second period of slumping and fgrruginisa-
tion is thought %0 have occurred during the post-Karroo
cycle of erosion. That most of the formation of iron
ooccurred in pre;Khrroo times is shown by the faet that
glacial floors and erratics have been formed on bodies
of rich haematite of the "conglomeratic" type, and of
blocks of ore plucked from these bodies. (Plate VI. Figs,
1. and 2.)

These facts all show that there were al least
three periods of ferruginisation, namely, in pre-Mat-

;ap times; in pre;Karroo times, and in post;Khrroo times,
A1l three periods fall within cycles of erosion.

It is possible that the iron-bearing solutions eman-
ated in part from the dolomite, since this rock is‘iron-
bearing and easily soluble, In some localities? specu;
larite is seen to have become deposited in cracks in the
dolomite; and in manganese quarries lumps of speoularite

and haematite, pseudomorphous after limonite, are found

inf/eseses
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in the residual soil of the dolomite.
However, most of the ferruginisation seems to
have taken plase by selective leaching of the rocks of
their siliceous and aluminous content, leaving the iron
residue. Frequent shrinkage cracks and vuggy cavities
filled by specularite or chalcedony and quartz, $upport
this view,
(8) Rough Estimates of the Ore Reserveé.
(a) Method of Estimation,

These were estimated accor-
ding to the maps and general field observations in the
gsame manner as the manganese ores, with the exception
that the iron ores were estimated in bulk, and were not
reduced by caloulating.according to a probable per-
oentage in "Ferruginous" rock, as was necessitated by
the scattered and intermixed nature of the manganife;
rous rocks,

The tonnage of the various iron ore bhodies far each
individual locality were caloulated according to the
approximate average thickness of the bodies for the
local area. In all cases these thicknesses were re-
duced below the probable average to be on the safe side.

Little account was taken of probable and possiblf
ore dipping away beneath cover. Only the outcrops as
;een in the field were taken account of, and looal ex-
tengions beneath isolated patches of Gamagara beds.

In the ca;e of the Blinkklip type of ore the figures
mﬁ;t be essentially oorreot; for these ore bodies have
little of their bulk hidden. In the case o£ the
"oonglomeratic" type of orve, there is the possibility
that great reéervés of ore hidden beneath cover exist,

over//eeees
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over and above the estimates, for such sedimentary
bodies Wiil continue for some distance down the dip
of the beds.

The detrital iron ore, mainly scree deposits, tras
estimated by oalculating the area they cover and multi-
plying by a low average figure representing solid haema~
tite.

(b) The Estimates.

Included in the following are
considerable quantities of the "conglomeratic" type of
ore, which are more or less impregnated with man-
genese, an ore which is frequent along the Gamagara rand,
Remarks are added aé to the type and quality of the ore
from each locality, and their situation and accessibility.

Table 14,

Note: In the following table under each farm heading

are given:

(1) The approximate area of the outerops in square feet.

(2) The approximate thickness of the ore bodies in feet.

(8) The estimated ore reserve caloulated from these fi;
gures taking 8 cubic feet per ton.

(4) The type and quality of the are, where C.C. s "Con-
glomeratio type; C.S. "Conglomeratlo" type of the
shaly varlety, i,e, mainly shales; B = Blinkklip type;
S 3 Sorees; M= Manganiferous ore.

(5) Miles from rail and locality remarks.

A.'Wb;tern Belt.

BISHOP.

(1)//eoenes
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(1)  (2) (3) (4) (5)
560,000 5§ 350,000 C,C;M. 5 miles; in vicinity
good. of Bishop beacon,
600,000 3 225,000 C.S;M. 5 miles; nearer
poor. quartzites,
MOROKWA
(1) (2) (3) (4) (5)
132,000 8 132,000 C.C;M, 5 miles.
excellent.
LOMOTENG,
(1) (2) (3) (4) (5)
88,000 5 55,000 C.C;M. 1 to 4 miles, n.e,
good., corner of farm.
1,200,000 3 450,000 CoS;3M. 1 to 4 miles. On
poor. western boundary.
IQHATHLA.
(1) (2)  (8) (4) (5)
486,000 7 425,000 C.C;M, 4 miles. On north
excellent. of farm,
270,000 3 100,000 C.S;M. Half mile, On
poor. south of farm.
GLOUCESTER.
1 (2 (3 (4) (5)
345,000 4 172,000 C.C;M, Half mile. North
good. of branch line,
450,000 4 225,000 C.S5;M. Half mile., West of
poor. branch line,
700,000 4 350,000 C.C;M. 1 mile. South of
good. branch line,
225,000 2 56,000 C.S;M. 1 mile. South of
~ poor. branch line.
JAPIES RIET,
(1) (2)  (3) (4) (5)
150,000 3 56,000 GeS; M. 1 mile, West of
poor, Gloucester mine,
370,000 6 270,000  B. 4 to 5 miles. On
excellent. mountain and diffi-
oult of acess.
228,000 3 85,000 B. Ditto.
excellent.
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MARTHAS POORT.
v (2 (3) (4) (5)
1,200,000 &5 750,000 C.C;M. 1 mile, Occup¥-
good., ing closed folds,
DRIEHOEKSPAN
(1) (2) (9) (4) (5)
950,000 6 712,000 CoC3M, 2 miles from
excellent., Palingpan siding,
PALING.
(1) (2) () (4) (5)
2,320,000 6 1,740,000 C.C;M, 2 miles from Palinge
good. pan siding, On
north of farm.
520,000 3 195,000 C.S;M. 2 miles from Pa-
poor, lingpan siding. On
north of farm.
960,000 4 480,000 C.S;M. 2 to 3 miles, South
poor, of Paling poort,
140,000 12 210,000 C.C. 2 to 8 miles. lLow
excellent, hill on dolomite
flats on south~
east of farm.
DOORNFONTEIN.
(1) (2) (3) (4) (5)
870,000 7 760,000 C.C3M. 0 to 1 mile from
good, Lace!s Goat rail.
130,000 8 130,000 C.C. 2 miles. Prominent
excellent. hill on dolomite
flats. ‘
1,600,000 6 1,200,000 CeG3 M. Half mile east of
good., rail, on south of
farm.
BEESHOEK.
(1) (2) (3) (4) (5)
300,000 § 185,000 B 1 mile. At beason:

excellent. on south-east core
ner of farm.

2,815,000 10 3,500,000 C.C. 1 mile, On hill-
excellent. slopes east of
Beeshoek village.

380,000//40esns
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330,000

2,100,000

3,500,000

(1)
1,750,000

Q)
21,000

1,980,000

60,000

240,000
'Y 200,1)00

2 ;500,000
210,000

135,000

800,000
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On reservoir

excellent.hill half to 2

&, unvzesiy otreeronia
148,
4 165,000 B,
8 2,100,000 C.C;M,
good.
10 5,200,000 C,C,
excellent.
OLYNFONTHIN,
(2) (8) (4)
10 2,170,000 C.C.
excellent.
B, Eastern Belt.,
DOORNPUT.
(2) (3) (4)
8 21,000 C,GC.
excellent
1l 247,000 S,
excellent.
4 30,000 B,
exoellent.

6 180,000 C.C. and CS.
excellent

C.C. and CS..
falr,

1 310,000 S.
excellent.

4 100,000

C.C, and CS.

105,000
fair.

67,000 C.C.

excellent,

1 100,000 S,
excellent.

KLIPFONTEIN.

//'.Q

miles.,

On reservoir hill
half to 2 miles.

0 to 2 miles south
of Beeshoek vil-
lage.

(5)

3 to 4 miles south
of Beeshoek village.

(5)

On s.e. corner of
farm, 3 miles from
Manganore rail.,

On sie, corner of
farm, 3 miles from
Manganore rail.

Holf a mile from
rail on large hill
s.e. of Manganore.

Ditto.

Ditto
Under shale cover.

On hill slopes,
an average of
half a mile from
manganore.

Under covering of
shale., Half a
mile, on hill n,
of siding.,

Half a mile. On
hill north of
siding.

Serees around hill
north of siding,

[N Y )



(1)
210,000

5,950,000

170,000
200,000
510,000
4,000,000

3,500,000

Locality.

Bishop.
Morokwa,
Lomoteng,
Lohathla

Gloucester

149 L]
(2) (3) (4)
5 130,000 c.C,
excellent.
1 746,000 Se
excellent.
8 170,000 S, (lens)
excellent.
3 82,000 S.
excellent.
6 382,000 C.C.
. fair.
1 500,000 S.
excellent.
2 8%5,000 C.C. and
CeS. fair.
C. unesume., Western Belt,

IIIIIIIIIIIIIIIII
IIIIIIIIIIIIII
|||||||||||||||

(5)

3 miles, On s,wW.
corner of farm.

3 miles., Screes on
S.W. corner of
farm,

1 mile. On hill
behind homestead.

4 miles around

hill to siding. On

hill behind home.
Ditto.

Ditto
Distance variable,

Japies Rust
Marthas Poort

Driehoekspan

Paling
Doornfonte

Beeshoek

in

Olynfontein

Totals. LR IR 2

1 mile direct to

siding.

On hill
behind home.

Ore

beneath shale.

Pure Haema- Good Mangan- Poor Mangan- Totals.

tite Ore. Aiferous Ore, iferous Ore.
el 350,000 225,000 575,000
...... . 132,000 .e.e... 132,000
eeeeens 55,000 450,000 505,000
ceeees 642,000 100,000 742,000
cecennne 522;000 281,000 803,000
i eeeer 58,000 411,000
eeeees 750,000 vuerens 750,000
Ceeeien 722,000 eeennns 712,000
210,000 1,740,000 675,000 2,625,000
2,090,000 % % 2,090,000
11,150;000 % 3 11,150?000
2,170,000 X x 2,170,000
15,975,000 4,903,000 1,787,000 22,665,000

N.B. The above farms showing no pure haematite ore;

| have//e.oees
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have in fact small scattered pockets impossible to
estimate. They are included in the second column,
¥ indicates the presence of highly ferruginous manganese.

D. Resume. Eastern Belt.

N.B. In the Lastern belt manganiferous iron ore is ab-

sent, but there are large scree deposits.

locality. Haematite in Haematite Screes Totals.

Outcrops. and under shales.
Doornput 210,000 559;000 769,000
Kapstewel 483,000 862,000 1;345;000
Klipfontein 764,000 2,265,000 3,029,000
TOtalS------l;457;OOO 3,686,000 5,143,000

We can summarise the above into the following; (The
summary refers to iron ore only within the limits of
the large scale maps.)

Total of pure haematite ore....... 17,432,000 tons.
in outcropsS.iceeesesverenn

Total of pure haematite ore in .
screes and under shale....... 3,686,000

Total of good manganiferous ore... 4,903,000

Total of poor manganiferous ore... 1,787,000

Grand Total... 27,808,000 "

Before concluding it should be stated that the
above estimates have been conservatively calculated,
and the total may be doubled if the extension of the
Gamagara beds down the dip beneath the covering of
Gamagara quartzites be taken into account. The.average
thickness of the haematite scree deposits may also oon-
siderably exoeed the one foot used as a basis of ocal-

oculation.
CHAPTER VII.//eveens
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CHAPTIR VII,

Accessory Minerals and Structures.

(A) Minerals Ascessory to the Mineralisation.,

Hineralisation by metasomatic alteration
has been so active in the area, that an interesting assem=
blage of accessory minerals has resulted. Most of
these have been described before, but two new ones
to the area have been identified and new data obtained
on others, as shown below,

(1) Diaspore.

A rose-red variety of this mineral was
found in the manganese ore, and was in the beginning mis-
taken for the manganese metasilicate, rhodonite. The
mineral was first indentified as diaspore by Chudoba (6).

Two varieties are found on the manganese figlds.
The most striking variety.is the rose-red sort associated
with the manganese ore. In habit it is blade-like and
is encountered in vuggy manganese ore of the ferruginous
type, containing residual aluminous matter from the
Gamagara beds. Blades of this diaspore one tenth of an
inch thick; half an inch wide, and up to four inches long,

are known, )
The following are analyses of this rose-red

manganese diaspore:

Table 15.
1. 20 3. 40
% % % %
Siog/ooooco
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SiO2 0.30 0.20 Wil 0.11
TiO2 n.d. tr 0.15 nil
A1208 83.99 84.85 84,00 78.58
Fe203 0.89 0.65 0.80
1.96

FeO nd. n.d. n.d.
MhOz n.d. 0,10 0.45 4.32(Mh203)
Cal nil tr tr tr
Cl 0,08 n.d. n.d. n.d.
F nil n.d. n.d. n.d.
Ho0 2 14,70 14.75 (

14,25 (14.65
H,0- ( 0.10 0.20 (
Total.... 99,51 100,70 100,95 99.62
Specific Grav. n.d. 3.300 3.393 3.328

l. Recent analysis by C.J, Liebenberg, Division of
Chemical Services, Pretoria., Sample from northern
Doornfontein. 2,3 and 4, from (21. p. 80.)

The other variety of diaspore occurs scattered as
stubby laths or rods in the altered Gamagara shales,
occasionally occurring so thickly as to crowd out the
matrix. DBesides the different habit of these crystals,
(Plate VIII. Fig. 1.) the colour in the hand specimens
is also different, being a glistening greenish gray.

Two samples of diaspore shale contalning coarse
diaspore orystals, were gently crushed and centrifuged
in heavy liquid to obtain reasonably pure samples of the
gray dlaspore crystals, and the white to greenish flaky
matrix.

This material yielded the following analyses:

Table 16.

I veieninn.
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Matrix. a Crystals. Matrix, & Crystals.
7 3 A %
810, 51,74 2414 62,22 7.74
A1203 37.42 80,63 30.64 74,01
FeZO3 nil 0.89 nil 1.27
MgO 0,14 nil 0.20 nil
Cal 0.33 nil 0,16 nil
Nag0 0,17 nil 0,26 nil
K0 0.0l nil nil nil
Cl 0.13 0,15 0.04 0.06
F 0,19 tr tr nil
COq nil nil nil nil
0 9.21  14.38 485 13,20
Total....98.84 98.19 98.37 96.28

Analyst: C.J. Liebenberg, Division of Chemical Services,
Pretoria.

Fluorine determinations: Mr, Hamersma, Division of

Chemisal Services, Pretoria.

1. From 800 yards east of Lace's Goat, Doornfontein.
2. From the kloof behind homestead, Klipfontein.

The following analysis from Nel, (2l.p.36.) was
oarried out on a sample from the same locality as sample

1, in table 15:

Table 17.

%
SiOz 1.
TiOz 0.30
A12 O3 82.80
Fe0 0.15
Cr O 0.40

23

HoO. 14.90
Héo- 0,20

Total....100 ,10

AnalySiS//. xx
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Analysis of diaspore from northern Doornfontein. (map G.)

The above analyses of diaspore all agree substanti-
ally in the essentials, in spite of the differences in
colour and habit. It is noteworthy, however, that
the purest diaspore is presented by the rose-red variety
occurring in association with the manganese. The
gray variety occurring in the aluminous shales shows
higher silica values, The sample from Klipfontein
is especially high in silica and low in water. The
rock from which it was obtained showed signs of silicifi-
cation, and it is likely therefore that silica may have
replaced some of the water in the diaspore, which was
harder than usual and had a more brilliant lustre.

The analyses are further interesting in that they
show notable quantities of chlorine and even traces of
fluorine., These diaspore samples come from some of the
most intensely altered and re-crystallised shales in
the area, and it is probable that these active elements
in the rock largely aided the alterations. As mentioned
before, these elements provide a clue which throws much
light on the extensive manganese and iron mineralisation
of the area.

Thin sections of diaspore from various localities
were studied under the Federoff Universal stage. The
orystals were seen to be all biaxial positive, with
somewhat varying values for 2V. At some localities
2V tends to be generally lower than at others. The
following are determinations of 2V garried out on

coarse grained specimens:

Table 18.
Thin//00-ooo

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



155.

Thin Section No. locality. 2V. Values,

L.B. 171 Lace's Goat, Doornfontein, 870;880;820.
L.B. 174. " " " 89°,86° ;‘840.
L.B. 175 Southern Doornfontein. 80°,74° ,82°,
L.B. 213. Klipfontein 76°,720,70°,
L.B. 214 Klipfontein. 87°,82°,85°.
L.B. 217 Klipfontein 84°,82°,84°,
L.B. 216. Klipfontein. 749 ,72° ,78°,

Average 2V for Doornfontein, 83,5°
Average 2V for Klipfontein, 78,8°

(2) Zunyite.
The rare nineral zunyite, a hydrous
silicate of aluminium, is one of the chief mineral

ouriosities of the area. Nel, (21.p.37,) describes two

localities where the mineral has been found, namely, the

small knoll 800 yards east of Lace's Goat on Doornfon-
tein, and in the kloof behind the homestead on Klip-

fontein. The writer discovered a third locality on
Doornfontein, which is also a low knoll, but about 2
miles north-north-east of Lace's Goat, and about three

quarters of a mile east of the rallway line, where it
makes a long straight run from Doornfontein to Paling.

At this locality diaspore is not so closely assocliate

ed with the zunyite as at Lace's Goat. Perfect tetrahe-
drons of zunyite lie scattered in highly altered Gamagara

shale, which is of a pale creomy to eggshell blue colour,
Fresh crystals up to a millimetre in diameter are found,
but specimens of decomposed shale near the surface con-

tain casts of weathered zunyite crystals up to one i
centimetre across. It is likely that quarrying at this

spot will reveal fresh qrystals of this unusual size.
Belonging to the isometric system, the zunyite cry-

stals are isotropic under the microscope, and have a re-
fractive index by sodium light of 1,5996 or 1.5997.
' (220p'220-)//0000
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(22.p.220.) The orystals arc always idiomorphic with
perfect 111 cleavages. (See Plate VIII. Fig.l.)
The following includes an analysis from the Lace's Goat

occurrence. (21.p.38.)

Table 19,

1. 2. 3. 4,

% % % %
8102 24.33 24.11 24.11 29.10
A1208 57.88 57.20 57.68 54,25
Fe0q 0.20 0.61 0,18 0.50
Ca0 nil 0,11 nil tr
MgO nil nil nil tr
Nao0 0.24 0.48 0,31 tr
K0 0.10 nil 0,18 tr
Lig0 tr nil nil nil
F 5.61 5.81 5.19 0.80
Cl 2;91 2.62 2.90 2.45
PO, 0.60  0.64 0,52 0,15
H,0 10,89 11,12 11,12 13,45
HZO; nil nil nil 0.90
Deduct Og : :
equivalent 3.02 3,03 3.01 0.90
to C1 and F.

1. Mean of several partial analyses; Hillebrand; 1884.
2. Zunyite in altered porphyrite near Red Mbuntain;
Ouray Co. Colorado.
3; Zunyite from Zuny mine, Colorado. B. Grossner, Neues
Jehrb, Min. Abt. A. 1926
4; Zunyite from Lace's Goat, Doornfontein; collected by
Nel (21.p;38.) Mnalyst: Dr. J. McCrae.

Nel; (Zl;p.39) discusses the composition of the
zunyite; and gives various formulae for the mineral.

The//eeses
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The’analysis given in Table 1, in Chapter I1I,
B.l. was carried out on a specimen of dolomite taken
adjacent to the knoll of zunyite shales dissovered by
the writer on Doornfontein. It is instruetive to
note the presence of chlorine in this dolomite. In
Italy large bauxitic deposits have acoumulated by the
oollestion in situ of the residual clays derived from
the weathering of large masses of dolomite, It is
most likely then that the Gamagara aluminous shales had
o similar origin, and that ochlorine, and to a lesser ex=

tent fluorine, held in the original dolomite, became

concentrated in the shales and actively aided the me-
tasomatic alterations observed. This concentration
most likely occurred by means of the post-Matsap mine-
ralising solutions, which dissolved the halogens from
the dolomite., Furthermore, in pre-Matsap times, wide
oreas of the Ongeluk lavas were exposed to erosion.
These would also yield aluminous and ferruginous clays,
besides barytes and sulphates of other kinds, for the
lavas are pyritic, and contain barium; vide the Blaau?
boskuil barytes deposit in the lavas south of Post-
masburg.

(3) Pyrophyllite.

In the matrix of the diaspore

shales, Nel recognised two intergrown minerals, one
strongly and the other weakly refrasting. (2l.pp.36,37.)

For the former he detected the following properties;

Ng. 1.594, Ng-Np, large, z/c mostly straight.

In suitably coarse grained sections the writer made a
number of optical observations by means of the Federoff
universal stage, and found that the mineral is optically

0
negative., 2V was found to vary. from 45° to 60 ,
With//o ve
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with most of the values falling between 50° and 58° .
These facts, combined with the analytical data on the
matrix quoted in Table 16 above, lead to the conclusion
that the mineral is pyrophyllite. (37. pt.2. p.371.)
In a number of thin sections of the shales, especially of
the highly aluminous varieties, it was seen that the
matrix was largely composed of this mineral, the weakly
refracting mineral being in subordinate amount.

(4) Gibbsite.

This mineral, seen by Nel to be weakly
anisotropic, is intimately intergrown with the pyrophyl;
lite in'the matrix of the shales containing diaspore
orystald. It occmrs in the form of pale irregular scales.
Nel determined the following properties:

Np. about 1.56, S.G. about 2.6., z/c. 0° to 12°.

(21.pp.36;7.)

Under the Federoff universal stage, the writer
found the mineral to be optically positive, with the
majority of the 2V values falling in the neighbourhood of
OO; but values as high as 36° heing obtained. The optie
axial angle is therefore variable, In the frequent oases
where it approaches 00; it was seen that the optic axes
spproach and merge with the gamma or z direction; re;
sulting in a large oval area of darkness.

The longer axis of the dark area; which lies in the
plane of the optic axes, is roughly 25° in length and
12° in width., It can be seen therefore that the
positions of the optic axes are not.clearly defined, and
in such cases the 2V can be set at any angle'between o°
and 250; if the dark areas were of equal density all

0ver// eeee

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



uuuuuuuuuuuuuuuuuu

159.
over the field. In practice however, it is
seen that these areas have a spot of maximum darkness
approximately at their centre, which must mark the
position of the optic axis, and enables readings ao;
curate to within 3° to be taken.

On the strength of the above properties, and the
analyses of the matrix given in Table 16, the mineral
appears to be gibbsite, Al0..8Hy0. (37.pt.2.p.48.)

In one thin section, aggregates of gibbsite flakes
were seen to be pseudomorphous after diaspore. This
ohange would be a simple matter of hydration of the
diaspore, the formula of which is Alg0g.Hs0,

(5) Ephesite.

This mineral, called provisionally by
Nel "manganiferous mica" (21.p.81.), is found sparingly
in veins and cavities in the manganese ore of the western
belt, in the same stretch of country in which the
manganese or rose;red diaspore occurs, It has been
found ﬁ§st frequently on Gloucester and the adjoining
farm Japies Rust; (mep G.)} and occurs as pale pink
aggregates, Often it lines wuggy cavities in the
manganese ore in the form of beautiful little barrel
shaped crystals up to 1 centimetre in diameter. Daring
blasting operations pretty little pearly books of a deli~
cate pink colour are broken loose,

The mineral has been identified and described by
Coles- Phillips (7) who says, "Untwinned portions show an
acute bisectrix interference figure, with Bxa nearly per;
pendicular to the cleavage plane, and a small axial
angle. The plane of the optic axial angle is perpen;

dioular to (010) of the hexagonal cleavage flake; optic//es.
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optic sign negative." ---- "2F for sodium 1light varied
in six measurements from 42°32' to 43°8', with disper-
sion 2V red less than for 2V blue. The intimate
lemellar twinning makes accurate determinations of the
refractive indices somewhat difficult, but good results
were finally obtained by the Xohlrausch total reflestion
method on a Hutchinson Universal instrument, using an
artificially;polished plate (natural cleavage flakes were
always too distorted to give sharp shadows).

Mpha = 1,595, beta = 1.625, gamma = 1.627, +- 0,002,
whence gamma - alpha = 0.032, and 2V calculated = 28°321,

The following analyses of ephesite are given:

Table 20.

1. 2.

% %
8102 29,40 28,90
T102 0.10
A1203 50.60
Fe203 0.55 51.60 ....Titania, alumina,

and iron.
FeO 0.35
Cal 1.40 n.d.
MgQ 0.40 n.d.
MnO 0.10 n.d.
Na20 8.65 9.20
Lizo 1.50 0,90
Ko0 tr 0,30
Ho0 5.30 n.d.
HZO“ 1.25 nodo
F 0.20 n.d.
Total....99,80
1. Analysis by H.G, Weall, F,I.C, Govt. Chemical Lab,
Johannesburg. /
20 L 3 BK BN BN J
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2. Partial analysis by Coles~Phillips.

(6) Barytes.
This mineral is found associated with
the manganese throughout the fields., It is, however,

comparatively rare in the ferruginous type of ore, but is
oommon in the siliceous type, where it is occasionally

so plentiful as to render the ore valueless as a manga-
nese ore,

Rarely, large water-clear individuals are found, or
intergrown masses, which yield beautiful cleavage
fragments, as found on Pensfontein on a west facing slope
of siliceous breccia, The mineral is not, however,

found in quantities sufficient to be of economic value.

(7) Rutile.
In some samples of altered Gamagara
shale from Beeshoek analyses revealed notable amounts of

titanium. (See Table 2.) Under the microscope it was

seen to be present as finencodles of rutile scattered be-

tween the diaspore crystals. No large concentrations
of this mineral have been found. It is difficult to as;
sign an origin for this titanium. It is possible that
muds carrying titanium, and originating from the Ongeluk
lavas by weathering, went to form part of the material
composing the Gamagara shales.

(8) The Origin of the Accessory Minerals,

The origin of this group of

accessory minerals found in the Gamagara rocks and man-
ganese ore presents an interesting problem. Metamorphic

effects on the rocks resulting from regional pressure could

hardly produce the above mineral assemblage, while no

definite effects of load metamorphism have been observed.
The effects of thermal metamorphism are virtually absent

in the area, Indeed, there are no large bodies of

intrusive//eees
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intrusive rock exposed in the area which could have
produced such effects on any appreciable scale. The
few thin basie dykes have had o negligible effect on the
country rock.

My view is that the explanation is to sought in the
griginal composition of the shales, allied to the minerali-
sing and crystallising effects of solutions carrying
§uch active catalysing agents as chlorine and fluorine,
shown to be present in the Gamagara rocks and the shales.,

The whole process then, by which the valuable ore
deposits have been farmed, as well as the assemblage of
accessory minerals, depends on the set of geological
circumstances found in the area, aided and abetted by the
mineralisers acting on rock types amenable to chemical
alteration,

(B) Structures Accessory to the Mineralisation.

(1) Slumping,
Slumping can be regarded as a

structure accessory to the mineralisation, for as ex-
plained in the foregoing, it is deduced that the solu-
tion of the dolomite has been caused by the mineralising
solutions which deposited the manganese and the greater
part of the later iron., The nature and extent of the
slumping has already been described.

(2) Vughs and Shrinkage Cavities.

These are common in the man-
ganese and iron ores, and are a natural consequence of
the metasomatic replacement of the gangue rock by the
ore materiasl. Such replacement is considered to have
proceeded by solution of the original materisal and de-

position of the ore matter, molecule by molecule.

LN N R ]
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Fossilisation of wood and bone ete. is considered to

have proceeded in this manmer, resulting in the almost
perfect preservation of the fine structures of these
materials, For instance; the banding of the original
shale and banded ironstone is well preserved in the
manganese and iron ores, except where subsequent crystalli-
sation of the ore material has resulted in partially or
wholly obliterating the structures. The extent of

the obliteration naturally depends on the intensity of

the crystallisation,

Since a molecule of manganese or of haematite
welghs more; or rather occupies less space than, the
original molecule of silica or of alumina, the mass tends
to shrink with the progress of replacement, resulting
in cavities and lens;like openings., These cavities and
openings in turn afford an easier passage for the mine-
ralising solutions, thus aiding and accelerating the
process. Such cavities moreover afford additional
épaces for the accumulation by a process of crustifi-
cation and crystal growth, of more ore material.

(See cavities in the ore, Plate III, Fig, 2.) It is
in such cavities that growths of polianite-pyroiusite
orystals ocour, as well as fillings of hyalite and
ohalcedony.

(3) Additional Struotures and Textures.

Another effect of the minera~
lisation is the production of "manganese marker" and
"sausage ore" varieties of low grade manganese are.

These rocks have been desoribed in the foregoing.  Their
texture may be summarised as "original cherty silica

o ]
fragments enclosed 1n manganese ore" and "secondary

cherty//«e..
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cherty, or shaleedonic silica and hyalite, enclosed in
manganese ore" respectively.

The sheles show in addition wide changes in texture,
as well as composition, resulting from the mineralising
activity. On the zunyite knoll on Doornfontein near
Lace's Goat the shales have been altered to a peculiar
orystalline grit, composed of a mass of interlocking
diaspore orystals, averaging about 5 millimetres in length,
in a scanty matrix of scaly pyrophyllite and gibbsite.

On southern Klipfontein a remarkable manganese rock
was encountered, consisting of an even intergrowth of
manganese ore and barytes. The superficial appearance

is like that of a ooarsély crystalline norite.
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CHAPTER VIII.

Conolusion,

(A) Water Supplies in the Area.

Being a semi?arid area, sup-
plies of open water are non;existent. However, sup-
plies of fresh or potable water are almost everywhere
obtainable in sufficient quantity for present demands,
The strongest supplies of water are obtained in the
lower lying valleys filled with sand and calcareous
tufa, through which the underground drainage per-
colates, Such an area supplies the water for Beeshoek
village, (map G,)

On the higher lying dolomite area underground water
s scarcer, but supplies are obtainable by sinking wells
or boring to intersect porous zones on or more usually
ad jacent to &olerits dykes, which act as underground
barriers or channéls; depending on the extent of
weathering of the rock, (Chapter II, B.6.a.)

The supplies obtained in this manner are as a rule
comparatively small and inconstant, consisting of local
seepeges, This difficulty is accentuated along the
eastern mineralised fringe of the Gamagara rand, (See map
@.) which follows the edge of a small acarp. Difficulty
is therefore often experienced in supplying the local
needs of the mines,

The following water supplies are available on the
farms under review in this thesis:

Table 21,
On map K:

Farm//......
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Farm, Locality. Nature of Water Yield per Type of
Hole. Level. diem in  pump.
gals,
Kapstewel., Adjacent Petrol

to Manga- Borehole 300! %,000, engine.
nore siding.

Klipfontein.Near home

on dyke. Borehole. 80' 3,000. Windpump.

Next to dyke
on south of

farm. Borehole. 150' 4,000, Windpump,
Table 22.
On Mep G:
Farm, locality. Nature of Water Yield per Type of
Hole, Level, diem in  Pump.
glags,
Bishop On east side - ‘ hand
of farm. Well. 30' 5,000 pump,
At homestead. borehole. 100' 3,000 Windpump.
north borehole. 100' 3,000 Windpump .
Lohathla - :
south well 60' 2,000 Windpump.
Glouces- at old . 2,000 or
ter homestead. well., 50  less, handpump.,
near rail .
junction. borehole, 130'. 5,000. Windpump.
South of 6,000 to petrol
mine, borehole. 80' 20,000 engine.
on Beeshoek -
road. borehole 120' 6000 0il en-
gine,
near the '
poort borehole 150' 2,000 or

less. handpunp.

Paling., homestead

on dyke well 45' 3,000 windpump.
homestead ' '
near poort  well 50' 1,500 windlass,
north-west :
of poort borehole. 60! 8,000 handpunp.
Doorn- 0ld home- - .
fontein, stead on dyke.well. 25! ?;OOO or windpump.,
ess.
Beeshoek//ees .
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Beeshoek. northwest
of village borehole 100' 8,000 not in use

south-west
of village borehole 110' 30,000 0il engine

south-east
of village. borehole. 65" 15,000 0il engine,

These boreholes on Beeshece k yield the strongest
supplies of water encountered on the fields. Their
situation is low-lying and the holes pierced what is

apparently Gamagara shales, deeply weathered.

(B) Summary and Acknowledgements.

SUTMAry .
The area provides an ab-

sorbing geological and mineralogical study, and includes
within its boundaries a wealth of features of scientific
and economic interest probably unequalled elsewhere in
an area of similor size. Thus, in spite of the number
of investigations already carried out; there is still
much room for scientific enquiry, and the preceding
work is regarded as only onother step forward in the
accumulation of our knowledge.

Of scientific interest is the wealth of information
appertaining to the formation of the various rocks, and
the evolution of the complex geological structures and
breccias during the post?Matsap orogeny and the effects of
the Permo;Carboniferous glaciation, In addition, the
origin; time and mode of deposition of the iron and man-
ganege ores are of great interest, and their elucidation
of economic value, while the study of the formation
of the aésociated mineral assemblage, including the

beautiful crystals of the rare mineral

zunyite,//eeces
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zunyite, is a study in itself.

Of economic interest are the large deposits of
iron and manganese ores, which are of such basic im~
portance in the nations industrial economy, To a
lesser extent, the highly aluminous shales may yet
prove to be of value as a source of aluminium, pending
the discovery of a suitably cheap method of extraction,

In view of the many-sided appeal of the area to
seientists, it must be stressed that there is much
room for additional research along specialised lines,
Unfortunately, in such a general éurvey as the above,
this was not possible. For instance, much is to be lear-
ned about the chemistry of the mineralising processes,
especially the role played by such elements as chlorine,
fluorine and the sulphate radicle, an aspect which has
been barely touched upon here. In addition there is the
detailed mineralogy of the ores, as well as other aspects
of the general problem.
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PLATE. I.

Fig.l. Gamagara basal conglomerate on the
farm King. The bedding is well shown.
An assay from this outcrop yielded 95% Fe203z.

Fig.2. Outcrop of Blinkklip breccia on the
Maremane Native Reserve; Shows the
spheroidal weathering into granite-like tors.

Fig.3. Close-up view of the Blinkklip breccia
showing the heterogeneous size and dis-
position of the banded ironstone fragments.

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



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

S’ YUNIBESITHI YA PRETORIA

PLATE, TI,

Fig.l. Close-up of the siliceous breccia.
Shows mainly chert fragments with

a few banded ironstone chips. Note finer

texture as compared with Blinkklip breccia.

west east.

Fig.2. Plane of the Gamagara thrust dissected

in a transverse gully on the s.e. corner
of Lomoteng. The plane passes immediately above
the narrow prominent ridge of Gamagara quartzites.

Fig.3. Overturned folds in Gamagara beds on
sse. corner of Marthas Poort. The
axial plane id inclined to the east.
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Fig.l. Vieathered dolomite surface, with out-
standing "sandstone dykes." From the
plane of the Gamagara thrust on Paling.

ia being replaced by
forming "siliceous"
tyvpe of ore.
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Fig.l. Slickensides in ferruginised Gamaga-

gara grits. Small step-like breaks
indicate the direction of movement, as
shown by the arrow.

Fig.2. Contortions in ferruginised Gamagara
shales on southern Klipfontein. An
assay of this ore yielded about 987% Fey0z.

Fig.5. A massive outecrop of ferrugindus type
manganese ore on Lohathla north. The
helmet indicates the size.
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Fig.l. Ferruginous type manganese ore
quarry on Gloucester, showing ex-
posure of huge karst pillars of dolomite.

Fig.2. Trench in deposit of ferruginous type

manganese ore on Lohathla south. Solid
outcrops of ore occur up the slopes to the
left of the picture.

Fig.3. Piles of mined ore (coarse) and
detrital ore (fine), both of the
siliceous type, on Manganore siding.
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Fig.l. Erratic boulder of hard haematite,

(ferruginised Gamagara grits) lying
on the Permo-Carboniferous glacial pavement
of the same material on the farm Sishen,
north of the Gamagara river.

Fig.2. Erratic boulder of hard haematite,
(ferruginised Gamagara shale) lying
on dolomite 1 mile west of Manganore siding.
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PLATEJVII,

Fig.l. Thin section of a ferruginised Gamagara

shale, showing stellate growth of needle-
like haematite crystals (black) and a few diaspore
crystals, (gray) in a fine-grained groundmass of
pyrophyllite and gibbsite.

Fig.2. Thin section through a piece of ephesite
rock, showing haphazard orientation of
individual mica bocks. Ephesite was formerly
termed "pink manganiferous mica'" where found on
the manganese fields,
X 32. ordinary light.
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PLATE VIIL

Fig.l. Section of a Gamagara shale from Doornfontein,

showing (bottom left), a zoned tetrahedron of =z
zunyite with a marked cleavage and two corners trun-
cated by the secondary tetrahedron. A well-formed dia-
spore crystal (top right) shows prism faces, a base and a
dome. The shaly groundmass is an intergrowth of pyro-
phyllite and gibbsite.

X 360. ordinary light.

Fig.2. Shattered dolomite (fine-grained, dark)
surrounded by rounded detrital quartz
grains derived from overthrusted Gamagara quart-
zite. This sandstone dyke effect occurs on the
plane of the Gamagara thrust on Paling.
X 32. ordinary light,
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(-

Figsle Hylonitised Gamagara quartzite from

lt. Huxley. This quartzite is found
forming irregular sandstone dykes 1in the
dolomite on the hillside below Mt, Huxley beacon.

X 80+ Ordinary light.

Figeis Hylonitised Gamagara quartzite from

aAucampsrust, found approximately on
the plane of thrusting. Note the deformed
quartz grains with strain shadows passing
into brececis and mylonite.
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