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'EBE ~EOLOGI OF ~HE NlANG.ANESE .AND IRON DEPOSITS NORTH 

OF POSTM.ASBURG,- GltPE PROVINCE., 

Ab str aet. 

This thesis is based on nearly throe years work on 
. ·-

the manganese fields of Postmasburg,. During this period 

the writer was able to study in detail every corner of 

the fields, and make detailed maps of every manganife~ 

rous portion, barring a small a.re a at Aue amp srust; 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 

soale 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 detailed mapping and observationso The complex 

geology, dominated by the two major factors in the shape 

of the unconformity beturnen the Matsap and Transvaal 

systems, and the po st-Mat sap 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-Mat sap times. In the light 

of such a distribution., the evolution and effect of the 

po st .. Matsap tectonics is discussed. 

Particular attention is paid 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 

6.//.fl .. .. 
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to the enclosing geologioal formations. The probable 

time and mode of the periods of haematitisation and 

manganisation is discussed, and the possible effect of 

the active constituents in the accessory minerals on the 

mineralisation is alluded to. The interesting assemblage 

of accessory minerals are also described. 
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CH.APTER I. 

Introduction. 

( A) Resume of Past 1.iilork. 

Early accounts of the struc­

ture of some of the rocks of the area were given by the 

travellers W.J. Burchell and H. Lichtenstein about the 

ye~ 1805. (28.p.6.) R. Moffat travelled extensively 

in the area; and added many interesting geological notes 

in papers printed in the :rJournal of the Royal Geogra ... 

phical Society" for 1858. ( 28epp. 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 0£ the ranges 

was the result of glacial erosion. 

In 1904-5 A.W. Rogers (25; 26 and 27.) surveyed the 

Hey and Kuruman divisions in which the manganese belt 

falls. He largely upheld Stows olassifications; but 

correctly placed the 0ngeluk Lavas in the Pretoria 

(Griquatovm) series. He did not uphold Stows opinion 

that the Blinkklip breccia was a detrital rock. Rogers 

maintained that it was formed by slumping of the lower 

Griquatovm beds under the influence of gravity; and 

perhaps; earth movements, into hollows dissolved out of 

the underlying limestone. The peculiar structures 

west of the Gamagara rand led Rogers to assume normal, 

and at a later date; reverse faulting, along the name 

plane. (His "Paling" fault.) 
8.// ..... . 
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.After the discovery of the manganese deposits by 

Captain T.L.H. Shone in 1922; there is a spate of 

publications. Hall (16) describes the looal geology; 

but was mostly interested in the nature and economic 

possibilities of the manganese deposits. 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; dravm up 

for the various companies interested. There were na-

turally many contradictory opinions, for the local geolo­

gical structures present unusual structural 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) undertook 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 Gamaga.ra 

series to the group of ferruginous conglomerates, 

aluminous shales and quartzites building the mangani­

ferous range of hills of that name. 

Their correlation with the Matsap sediments-to the 
was 

west by Rogers, was upheld. Nel was; however, forced 

to modify Rogers "Paling" fault by a thrust fault acting 

from the west. His detailed mapping on a scale of over 

l inch to the mile had shown Gamagara quartzites dip­

ping westv;ards beneath older Griquatown beds; a faot 

9.// ..... . 

 
 
 



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

9. 

which Rogel's "Paling" fault oould not explain. 

Furthermore; Nel realised the impo~tant faot that man­

ganese was formed by the metasomatio replaoement of 

the permeable Gamago.ra conglomerates and shales and the 

siliceous breocias, onlx where these rocks directly 

overlie the dolomite, 

In 1933 du Toit oontributed an exoellent paper on 

the manganese deposits, in-which he drew attention to 

the generality than the manganiferous zone usually under­

lies the ferruginous zone; his paper oontains a search­

ing discussion on the origin and deposition of the 

manganese ores. (13) 

In 1936 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 publioation.) During 1937 and 1938 the very large 

soale maps (approximately 5 inches to the mile); were 

prepared, oovering the most valuable po~tions of the 

mineralised area, as well as the most oomplex and in­

structive geology. This portion of the work and the 

maps form the basis of this thesis. 

(B) Location of .Area, Communications; and Physical 
Features. 

Situated in the north Cape Provinoe bordering on 

the Kalahari desert; the area is unfortunately well 

away from the beaten tracks of South .Afrioan commerce 

and the main centres of population. 
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Aocess 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 parts of the Atlantic 

ooast has no well-equipped ports, nor is there direct 

rail communication across this semi-desert part of the 

oountry. Kimberley, the nearest large centre, lies 108 

miles east-south-east ( in a direct line) of Postmasburg.; 

to which it is connected by rail. From Kimberley the 

nearest and best equipped port is Durban. 

As a result of the discovery of the manganese de­

posits; the railway was extended to Postmasburg from the 

then railhead at Koopmansfontein; 62 miles distant. 

After the economic depression of the early l930's, the 

line was extended northwa.zads from Postmasburg along 

the strike of the fields for 25 miles to the present 

railhead. of Lohathla, 154 rail miles from Kimberley. 
·- .... 

In addition a branch line was built eastwards from Drie~ 

hoekspan (Map G.) to Kapstewel the terminus of this line 

being named Manganore. (Map K.) 
Along// ••••• 

 
 
 



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

11. 

Along the main roads, which are gravelled; as well 

as along many secondary rQads;· 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 conneoting Postmasburg to Oliphantshoek. 

Within the wea covered by the maps the road communi­

oations are poo~, being sandy or gravelly; and where 
.. -

the karst of the dolomite plateau is traversea,- extreme­

ly 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; is not monotonous; for the general level of the 

plateau is broken by hills of moderate relief, trending 

in a northerly direction parallel to the conspicuous 

Langeberg range in the west. This range forms the 

looal boundary of the Kalahari proper,- which extends 
·- ·-

as a vast sandy plain west c£ these mountains to the 

border af South West Africa. 

Some of the crests of the IQipfontein hills 

immediately north of Postmasburg approach 5;000 feet in 

altitude. (On map K.) The Gamagara ridge is generally 

lower; and forms a small osoo.rpmont, for the general 

level of the sand plains west of these hills is from 

about 50 to more than 300 feet lower than the level 

dolomite country to the east. 
The// ••••• 

 
 
 



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

12. 

The continuous line of the ~aga.ra rand is in strong 

contrast to the disconnected line of the 1Qip£ontein 

hills. Outliers of the latter often form oonspiouous 

landmarks of such curious shape that they carry distinc• 

tive names suoh as Tigerkop; Koppie Alleen etc. 

All the valleys a.re filled with detritus and pink 

Kalahari sand, which the sluggish drainage is unable to 

move. The deeper and lower lying valleys west of the 

Gamagara rand are naturally more deeply filled. 

( C) Climate; Drainage and Vegetation. 

The climate is pleasant and healthful, 

and 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. 

Autumn is the most pleasant season of the year; while 

the winters are a succession of bright sunny days follow-
is 

ing frosty nights. This~broken by occasional bursts of 

cold damp south-west winds, bringing with them aleet 

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 0£ 

looal drainage is that running westwards from the Klip­

f'ontein hills .over the dolomite plain; and thenoe aoross 
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the tilted edges of the Gamagara beds to the low lying 

sandy flats beyond. (See map G.) This drainage js 

important since it seems that the dolomite supplies the 

manganese by its chemical weatheringo 

In spite of the semi-aridity of the climate; the 

country is well-clothed by a pretty; if xerophilous 

vegetation. Where the soil is deep in the sandy stret• 

ches, large umbrella shaped camelthorn trees (Acacia 

giraffae), are found dotting the flats. Vf.here 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 a~a nutritious; mainly belonging to the mveetveld 

types. The most common are the drought resisting Bush­

man grass (.Aristida ciliata and .Aristida obtusa) and the 

white steekgras (Aristida burkei). 

Mo st of.' the vegetation is of the bushy ty".f,e. Level 

stony country and the lower slopes of the hills are thick­

ly dotted with the pretty silvery thornless scrub, the 

vaalbos. (Tarchonanthus carnphoratus). Rocky hillsides, 

and especially the rubble covered slopes, often harbour 

a dense growth of the thorny SW'arthaak bush.(.Acacia 

detinens). Many other types of hardy plants are re­

presented, among them interesting varieties of succu­

lents. 

(D) Compilation and Accuracy of the Mef>s. 

Owing to insuffient data being available, key 

points were plotted on the scale of 100 Cape roods• 1 

inch; or approx. 5 inches= one mile. This scale was 

sufficient to plot well exposed contacts to an accuracy 

of// ••••• 
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of 10 feet or the thiokness of a pencil line on the 

map. The a.r-eas to be done were flagged at close 

intervals and in the p~ooess tho~oughly peoonnoitered. 

The positions of the flags were aoourately located by 

means of a telesoopio alidade, and cheoked by baok­

sighting. No points were aooepted 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 outorops and contaots. 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 

oommenoed 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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CH.APTER II. 

General Geology. 

(.A) Table of Formations. 

(Sand, Surfaoe limestones 
Tertiary and Recent Deposits ••• ( and 

( Gravels. 
Karroo System ••••••••••••••••• (Unrepresented. 
Po st-Watei-berg ( Blinkklip and 
Cataolastic series ••• (Siliceous breccias, 

(Matsap series ••• Not represented. 
Waterberg System ••••. ( ~Quartzites 

(Gamagai>a Series •• Shales 
Conglomerates. 

Transvaal system •••••• ( 

i 
~ 

~

Upper Griquatovm 
Stage ••• not repre­

sented. 
Pretoria Series.(Ongeluk or 

(middle Griquatown 

!
stage ••• .Andesitio 
laves. 
Lower Griqua-
town stage ••• Banda d 

ironstones, 
chert; joo -
pers, and 
tillite. 

(Dolomite Series.(Dolomitio limestone, 
(ohert and shales. 

Ig~eous Intrusions •••••• 
(Dolerites, 
(Kimberli tes. 

(B) Lithology, and G_eneral Geologicaljtelationships. 

(1) The Dolomite Series. 

This rook, which crops out 

widely but inconspicuously in the area, forms a solid 

basement on whioh 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. (26). It is seen to outorop main­

ly east of the Gamagara rand; where it occupies the wide 

flats ·extending to the IG.ipfontein hills and beyond. 

The bases of these hills are built of dolomite. They 
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are in the nature of erosion relios, their oappings 

being composed 0£ various Fesistant rooks, mainly breo-

oias, resting on the dolomite. 

tions.) 

(See K. series of seo-

Over large areas oooupied by the dolomite, soil 

is soanty, forming a thin oovePing over the rugged dolo­

mite and chert outcrops, or filling the cavities in the 

frequent karst surfaces. The best outcrops are seen 

on the flanks of the hills, espeoially the IG.ipfontein 

hills and on Pensfontein. Here the bedded nature of 

the rook is apparent, the sides of the hills presenting 

a step-like appearance. 

The rook weathers with a dark gray rough surface, 

and where free from chert, forms large £lat outcrops 

with deep karst channels between, filled with reddish 

soil. Occasional large sinkholes have been dissolved 

in the rock;·while near the eastern boundary of Paling 

large caves ooou~. 

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 

shades or even a whitish translucence. 

and nests are frequent. 

Calcite veins 

Chert 1s a common constituent of the dolomite, oo­

ourring as irregular bands, nodules and lenses. It is 

mostly gray in colour and is more frequent near the top of 

the series. Chving to its superior resistance to weather­

ing it outcrops conspicuously. Silicified oolites are 

found, while at the top of the series the passage beds 

which// ••••• 
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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. (21.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: 

Sample No. 

Si02 

.Al203 

Fe2o3 
MgO 

CaD 

Na2o 

~0-

Cl 

F 

CO2 
Total 1120 

L.B. 

Table h 

201. Lab. No. p. 13550. 
%· 
0.02 

21.44 

29.08 

35.51 

The ratio of Calcium oar-

bonate to magnesium is as 

52.8% to 47.2%. The rock 

is therefore a true dolomite. 

Total// •.•.• 
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Total 86.12 

.Analyst: C.J. v.d. Walt, Division of Chemioal Ser• 
v1oes, Pretoria. 

(2) The Pretoria Series. 

(a) The ~wer Griguato,rn Stage. 

Nowhere in the area under consideration 

does this stage of the Pretoria series attain more than 

a portion of its true thiokness. Crumpled erosion re-

lies and overthrusted slabs; however, form prominent 

outorops. They largely compose the oappings to the 

KJ.ipfontein hills in the form of breooia (map K.) or 

form prominent dip slopes along the western side of 

the Gamagaiia rand on Japies Rust and Lomoteng (map G.) 

(i) The Banded Ironstones and Jaspers. 

VJhere preserved in normal develop­

ment., this sub-stage is composed of about l;-000 feet 

of well laminated highly ferruginous banded iPonstone, 

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 ohert interleaved with thinner 

layers of black glistening haematite and magnetite. 

The total iron locked up in these banded ironstones must 

be almost beyond computation, for their iron content 

is// ••••• 
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is about 30%, and the reserves of rook in-exhaustible. 

(36) Even in the small area covered by the accom­

panying maps the tonnage of this rook 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 souroe. 

(ii) The Griquatown Tillite. 

This interesting rock is the 

uppermost member of the lower Griquatown stage of the 

Prater ia series, and abruptly terminates the th.ick mass 

of banded jaspers; on which rook 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 

abo.ut 50 feet. 

It is a small pebble tillite, being crowded with 

oval and sub-rounded pebbles of blaok and white chert 

and brown jasper, almost to the exclusion of other 

pebbles like quartzite and banded ironstone. Grooved 

pebbles a.re 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 etc. 

In spite of the thinness of this rook formation, it 

is frequently found involved in the thrusting; in many 

plaoes 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 andesitio 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 andesitio 

lavas composes the middle Griquatown stage of the 

Pretoria series in the area. The lavas are vronder-

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. as 

an irregular foreland of an overthrusted mass. (See G. 

Series sections). 

(iv) The Upper Griquatown Stage. 

Not much is knovm about 

this local phase of the Pretcr 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 

maps. 

(3) 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 £or 

reasons of convenience; Md because of the economic im­

portance of the series. 

(a) Distribution. 

( i) The Gamagara Rand. 

Stretching from the farm 

Olynfontein// •••• 
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Olynfontein, 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 

continuous strip of Gamagara beds. These ridges re-

present the southern and larger half of the Gamagara 

rand, and include by far the strongest development of 

these beds. They consist of lenticular masses of fer­

ruginous conglomerates at the base, followed by alumi• 

nous shales and quartzites respectively. These rooks, 

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 

o.f strike do es their width of outcrop 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 Gamagara beds 

are found chiefly along the crests of the IG.ipfontein 

range of hills. (See map K) Here these remnants have 

been preserved from erosion in basin shaped depressions 

in the harder erosion resisting Blinkklip and siliceous 

breocias. (See K. series sections.) Smaller patches 

are found lying o:n, or more usually folded into, the 

breccias. Small outliers of conglomerate and shales, 

often manganised, fringe the Gamagara rand to the east, 

and a.re found capping dataohed hills of dolomite on 

eai ';ern Paling and Gloucester, thus proving the former 

easterly extensio·n 0£ the main mass of Gamagara beds, 

oonnecting up with the Klipfontein ocourrences. 

Small// ••••• 
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Small inliers, mainly Gamagara quartzites, a.re 

exposed by erosion beneath a cover of overthrusted rock, 

immediately west of the trace of the Gamagara thrust 

from Beeshoek to Paling. (See sections 7G, BG and 9G.) 

(b) Stratigraphical Relationships. 

Along the eastern slope of the 

Gamagara rand; particularly in the vicinity of Paling, 

the Gamagara beda 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 north~easter­

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 

i~onstones. In the vicinity of JilI trigonometrical 

bea.oon (map K.) ,small patches of Gamagara shales are 

seen to lie on horizontally disposed banded ironstones, 

which are but slightly brecciated. 

It is clear, from this field evidence, that the 

Ga.magara beds were deposited on an erosion surface of 

the Transvaal system, which was at that time gently folded. 

(See reoonstruotion of Mraremane anticline and sections.) 

Furthermore, a study of the detrital ·material composing 

the ooarser faoies of the Gamagara conglomerates and 

qua.rtzites, revealed that all the fragments are traoe-

able to the beds of the Transvaal system as exposed in 

the area. 

That the Gamaga.ra sediments are actually a facies 

of// •. ,. 
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of the lower Matsap beds, is shovm by eJcposures some 

miles to the south; where undoubted Gamaga.ra rocks, 

oomplete with basal conglomerate, are seen to pass up­

ward into the lower Matsap sequence. (Observation by 

Visser,· 35)". 

Occurrences 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. 

( o) Petrograph.y of the Gamagara Rocks. 

(i) The Conglomerates, 

There :is no doubt about the 

sedimentary nature of this rock, fo~ 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 

system. 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, 

neer the souroe of the material the conglomerate is of­

ten prominently developed, on Beeshoek and Olynfontein 

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// •••• 
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the constituent fragments are larger and show little 

or no attrition. In fact, some of the deposits lying 

on or adjaoent to the parent banded ironstone are com­

posed of an agglomeration of platy and angular frag­

ments six inches or more aoross. 

This £aoies of the Gamagara beds is in all super­

ficial ~espeots similar to present-day scree and fan­

oonglomerate 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, 

whioh the former do not have. These facts are in­

terpreted to indioate 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 flata~ 

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 

Gamaga.ra beds slabs of comparable shape and size are 

oommonly twisted, bent and sometimes broken across. 

This effeot is asoribed to the deformation resulting 

from the consolidation of the material under the enoP­

mous weight of thousands of feet of subsequently de-

posited// •••• 
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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 as com­

pared to the loose nature of the young screes and gra­

vels. In the Gamagara conglomerate no Blinkklip or 

siliceous brecoia has been observed. The significance 

of this is discussed at a later stage. 

Lateral facies changes in the Grunagara basal conM 

glomerate are rapid from point to pointo On Beesho:ek 

and Southern Doornfontein these changes give excellent 

clues to the origin of the conglomerate, which thickens 

and becomes coarse as soon as the sedimentary contact 

approaches and transgresses upon patches of banded iron­

stones or Blinkklip breccia. (See map G.) .Away from 

these patches where the sedimentary contact lies against 

aoiomite 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

taot with the dolomite, cherty rocks and banded iron­

stones. 

North of Laoe's Goat, right up to Bishop; no banded 

ironstones a.re 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 

ooarse fragments composing this hill have, however, a 

nearby source in the adjacent IG.ipfontein hills. 

On//••• .. • 
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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 

most 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 genePal 

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 oonglo• 

merate derived therefrom was strong supporting evidence 

leading to the reconstruction of the pre-Matsap Mare­

mane anticline, see plan.) 

In composition the conglomerates are almost entirely 

an agglomeration of rounded and sub~rounded banded iron-

stone fragments. The fragments have, with rare ex-

ceptions, been completely ferruginised, the original 

banding being betrayed by the lighter and darker bands 

of haematite. Wagner (36) observed a similar banding 

in the Crocodile river iron ores. Pebbles of white and 

gray cherts, red,brown and banded jaspers, quartz, and 

unaltered banded ironstones, have been observed. These 

a.re usu.ally crowded into a looal and siliceous faciea of 

the conglomerate. The usual conglomerate is as a rule 

more or less free of such siliceous rockfJ .,~ apart from 

ordinary banded ironstone pebbles, which are more 

widespread.. 

No pebbles of siliceous breccia, Blinkklip breocia 

or// ••••• 
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or manganese ore have been found. This faot is 

regarded as having great signifioanoe; since it indi-

cates that these rocks; whioh are so widespread to-day 

both as large masses and as scattered detritus and sur-

faoe drift, were not in existence when the Matsap sedi­

mentation was initiated. This faot 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 ana consists of films and fillings 

of ferruginous clayey matter, mostly terra-cotta or 

purplish in oolour, in the interstices between the 

pebbles. It is occasionally sandy o.r gritty; and has 

more often than not undergone secondary haematitisation; 

with some crystallisation of specularite. The smaller 

a.nd more rounded the constituent fragments become; the more 

abundant the shaly matrix becomes until the rock grades 

into a f erruginous shale often containing some gritty 

bands of haematite. This transitio;n has been observed 

both laterally and vertically. Owing to the widespread 

fer~uginisation, in a former period, of the pebbles, and 

later of the matrix as well; by far the greater pa.rt of the 

conglomerate constitutes an excellent iron ore. (Plate I. 

Fig. 1, Plate IV. Fig. 1. and Plate VI. Figs.land 2.) 

An m1usuol type of conglomerate is found on the high 

hills on northern Ma.rthas Poort. It is composea. almost 

entirely of siliceous rocks -- brittle banded and massive 

yellow jaspers and banded ironstones from the upper zone 

of// •• ~. 
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of the lower Griquatown beds, as well as ~ea jaspers 

from the Ongeluk lavas, overlying the jaspers. The 

beds are not ferruginised. They lie as usual below 

shales and quartzites of the Gamagara series, and in 

pa.rt 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 associated remnants of banded 

jaspers. (See centre; section 3~.) Signs of distur­

bance were observed in the conglomerate, pebbles being 

sliced in a step-like or sometimes rotational fashion. 

The matrix is muoh slickensided around the pebbles; in­

dioating differential movement within the body. However, 

taken as a whole;· the oonglomerate seems to have offered 

remarkable resistance to deformation; in strong contrast 

to the ferruginous jaspers and banded ironstones. 

FFom the pebbles in this conglomerate, it is clear 

that the caterial was mainly derived from the upper jas­

pery horizon of the lower Griquatown 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

oo,nformity at the base of the Gamagara beds transgressed 

over higher horizons of the Griquatown beds in a westerly 

direotion. This conforms to the reconstruotion of the 

pre-Matsap Maremane anticline. (See plan.) 

(ii)// ••••.•• 
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(ii) The Shales. 

This horizon, which follows the 

conglomerate conformably, is thinner but more persistent 

than the latter along mo st 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 southe~n 

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 fraom teotonio 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 array from the more or less vertically 

disposed limbs o.f the folds., leaving the conglomerates 

and grits abutting against quartzites. In oonsequenoe . 

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 af 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// ••••• 
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The shales are almost alwey-s of a fine texture, 

being soft and seotile; giving the appeare.noe of be-

ing hardened impalpably fine muds. Gritty intercala­

tions a.J?e found, On the low hill east of Lace's Goat, 

on Beeshoek, and in the outliers found on IG.ipfontein 

and Kapstewel., a gritty quartzite band 3 to 5 feet 

thick lies interbedded .in the shales, A fine exposure 

is found on the hill sloP'e to the left as one enters the 

kloof behind IG.ipfontein homestead. Numerous chert; 

quartz, and bro\m; yellow and red jasper pebbles charac­

terise this bed. Very fine pisolitio structures are 

found in the shales at some localities, for instance 

on Gloucester immediately north of the mine houses.,· and 

on the north-eastern oorner of Lomoteng. (See analy­

sis 3. Table 12.) The pisolitic faoies are as a rule 

red to maroon in colour owing to their haematite con­

tent;· which is often sufficient to render the shale a 

useful iron ore. 

The addition of fine quartz partioles to the shale 

heralds the faoies change to the overlying quartzites. 

As a rule the transition beds between the shales and 

the qua.rtzites 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 a.re of great 

interest owing to their unusual composition. (Table 2.) 

Their unusually cohesive and yet sectile nature com­

bined with resistanoe to weathering may make them of 

value in the economic field. The frequent presence 

of.// •••••• 
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of laths and stubby orystals of diaspora in the 

severely leached varieties, indicates their unusual 

composition. (Table 16.) Their richness in alumina 

mey make them of value as a source of this metal. 

The following analyses of these highly aluminous 

shales are given by Nel; ( 21, p. 35.) 

Table 2. 

•- .( l) ( 2) 
Si02 45.5 44.05 

Ti02 · 1.65 1.75 

.Al203 42.2 41.35 

Fe2o8 
0.7 4.8 

FeO 0.2 0,3 

Mn02 tr tr 

Cr2o3 
o.os o.os 

CaO tr tr 

MgO nil nil 

~O NB-80 0.35 0.4 

P2o~ 0.05 0.1 

H20- 0.1 0.1 

H20 8.35 7.15 

Total 100.25 100.os 

~

i) 1Alh. ite or gray shale, from Beeshoek. 
ii) Red shale, from Beeshoek. 
iii) Pale gray shale, from Beeshoek • 

( 8) 
46.55 

2.15 

42.6 

0.5 

0.15 

tr 

o.os 
0.35 

nil 

0.35 

0.1 

0.1 

7.15 

100.05 

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

In these samples, which a.re unusually rich ~n 

titania, this element is seen to be present in the 

form of minute rutile needles. (21.p.35 

Diaspora is prevalent in all the shaly rocks, 

especially// •.••• •'• 
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especially where secondary leaching processes have 

been active. As a rule, the crystals are fine and in-

visible to the unaided eye. At many looalities al-

teration and orystalllsation has been so intense tha.t 

tabular crystals as much as a centimetre across a.re 

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 IG.ipfontein home• 

stead, the central of the three hills on south-western 

Klipfontein, on Beeshoek and Olynfontein are the best 

localities £or such samples. 

The shaly matrix in which the diaspora crystals 

are embedded· is seen to be a dense aggregate of some 

flaky minerals. 'When observed under the microscope 

under orossed niools, this aggregate resolves itself 

into a predominant strongly double refracting mineral, 

and a subordinate weakly double 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 crystallising processes which have re­

sulted in the assemblage of aluminous minerals, the 

shales have been widely impregnated with manganese;· 

producing an ore with shaly laminations. Less fre-
. ,_ 

1 

quently, silioa has been the replacing material, re-
' sulting in brittle cherty variations. These have 

been involved in the breooiation, as observed on Kap­

stewel, (Map K.) while the ordinary shales into which 

the siliceous varieties grade are intensely puckered. 

This// •••.• 
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This shows that the silicification occurred previous 

to the brocciation. 

(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. From southern 

Paling to Lace's Goat, and south of Beeshoek village, 

the thrust faulting has cut away most of the quart­

zitcs. On northern Doornfontoin 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 hundrod feet high aro composed of quartzite 

along this stretch. They build tho main bulk of the 

Garnagara rand. 

Smaller patches of quartzite are found on the out­

liers of Gamaga.ra beds to tho east, while wost 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 Vlakfontein and Marthas Poort, and aro in­

distinguishable from the characteristic Matsap quartzite. 

Near tho base, just abovo the shales, a red sandy 

thinly boddcd ·guartzitCi occurs to a thickness of about 

20// •••.• 
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20 feet. 'White fino grained compact varieties, 

with the same thin bedding, aro also found along this 

horizon. On IQipfontein and Doornfontoin a thin 

gritty quartzite occurs in tho shales. Pebbles of 

chert and jaspers a.ro characteristic of this bed. 

The qua.rtzites are mainly composed of rounded and 

sub-rounded fragments of gray, white and smoky quartz, 

the frequent pink colouring being due to films of 

haematite or pink clayey matter. Lenses of grits are 

frequent in tho quartzites. These contain pebbles 

and grits of bright rod 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 in~ortant and wide­

ly spread group of rocks, and, according to the inte~­

pretation here laid forth of the evidence, were formed 

oontemporaneously., mainly as the result of tectonic 

movements. ( Seo Chap. IV.B.3.) The terms rrca.taclas-

tic series" and 11 siliceous breccia 11 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) nchert 

breccias". The// ••••• 
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The breccias are indeed mainly composed of chert 

fragments, but it has been found thnt locally other 

siliceous material, mainly breeoiated Go.magara quart­

zite, forms part of the breccia. For this reason 

the term nsiliceous breccia" is more accurate. LateP 

infiltration by manganese o,ddes has resulted in the 

formation of manganiferous breccias, highly siliceous 

"sausage 11 ore, (Plate III. Fig. 2.) and various grades 

of siliceous manganese ore. 

It is remarkable, and significant from a genetic 

vierJPoint, that the breccias always occur together 

within the same belt of country. This is t:.,ue of the 

siliceous and the 11Blinkklip" 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 

irregular hills and ridges distributed in a great arc 

north-eastwards and northwards through Ia.ipfontein and 

Kapstewel. (See Key map and Reconstruction of Maremane 

.Anticline.) 

Along the Gamagara rand north of Doornfontein 

little or no breccia is encountered, the Gamagara beds 

lying directly on the dolomite. 

Since the breccias a.re more resistant to weathering 

than either the Gamagara beds, where these overlie them~· 

or the underlying dolomite, erosion has left mas~es of 

breccia standing out as prominent hills to fo~m a typi­

cal relict landscape, which is characteristic of the 

dolomite country east of the Gamagara rand. The 

largest known masses of breccia cap the IQ.ipfontein 

range// ••••• 
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range of hills, (map K.) and the prominent hills 

east and north of Beesho ek village. (Map G.) 

The siliceous breccia is always found lying on 

the dolomite. The junction with the dolomite is in­

variably highly irregular. (Soe K. sections.) This 

contact always cuts across the gontly dipping bedding 

planes of the dolomite, into v;hich huge masses of 

breocia usually extend, often to a depth as great 

as 100 feet, in great potholeMlike depressions. A 

difference in level in the dolomitc-breccia contact 

of 200 to 300 feet has been observed uithin a lateral 

distance of half a mile, and that ij areas ~here 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 a.re still loco.lly preserved. That much, if 

not all this slumping, occurred after the formation of 

th'3 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 breccia. 

(See Chapter IV.B.3.) 

Above the siliceous breccia a covering either of 

Blinkklip breccia or less brecciatea banded ironstones 

occurs. Transgressing Gamagara beds occasionally cap 

the breccias, (see K. Sections) in which case these­

diments are th.1mselves highly contorted and disturbed, 

the more so where the underlying rocks, the siliceous 

and/or Blinkklip breccias are more intensely brecciated. 
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The siliceous breccia varies enormously in 

thickness from place to place within 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. (Sec K. sections.) 

The composition of the siliceous breocia 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 va:ry 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 

breocia can be termed truthfully a chert breccia. 

At other places reddish and brovmish Gamagara 

quartzite bulk largely in the composition of the brec­

oia. 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 Ia.ipfontein, 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 behveen the siliceous 

and Blinkklip breccias have been observed. This is 

especially true of localities where brecciation has 

been most intense, with small patches of banded iron• 

stones being involved. 

The siliceous breccia 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 

outcrop by miners to locate 1eyable bodies of ore. 

Such outcrops are then termed "marker, 11 or where shaly 

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 
11 sausage·· ore." The nearer completion the process of 

leaching and manganisation has progressed, the higher 

the grade of the resulting ore. In practice ore 

with inclusions of chert or ferruginous matter easily 

visible to the eye, does not fall within the present 

eoonomic grades. 
The// •••• 
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The "marker" type of siliceous ore is commonei-

than the a sausage ore a type. In much of the mangan18-

ed siliceous rock~ especially on Doornfontein and Boes­

hoek; white inclusions which are mistakenly thought 

to be chert are in reality secondary growths and con­

oentrations 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. Those represent leached 

silica precipitated almost in situ. Close study, 

especially of gradational types, has shown that much 

of this mottled rock, notably in tho workings near 

Becshoek 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 intense metasomatic alteration to thoir 

present form. 

The chalcodonic 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 tho peculiar asausage ore 11 can thus 

be traced back to a Gamaga.ra shale at favoured lac ali• 

ties. In the Beeshoek quarries all gradations from 

shale with tho bedding preserved, to shaly manganised 

n ,i gouge, sausage ore and manganese ore itself, can 

be traced. This leaves no doubt as to the aequenoe 

of the changes. On Beeshoek this rock series can 

be traced downward into true siliceous breccia of the 

oherty type; lying traditionally against the dolomite. 

The// ••••••• 
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The exact boundary between the various gradations 

of siliceous breccio. is impossible to determine, 

erring to their similarity and intimate relationship. 

It co.n thus be seen that tho term "siliceous breccia" 

covers a great variety of rock types. It is, to put 

it shortly, a breccio.ted or disturbed siliceous rock 

which has often undergone moi,o or loss intense metaso­

matic alteration. 

(b) ~he Blinkklip Brecciao 

The Blinkklip broccia 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 tho Gamo.gara rocks transgressed across 

the Blinkk:lip breccia.thought still to be in pre-Mat­

sap times banded ironstones.to the underlying dolomite­

chert assemblage from uhich the siliceous broccia has 

mainly been derived. This overlapping of tho Gama­

gara rocks is well illustrated between Beeshoek and 

Paling. On the former farm the Gamaga.ra 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 Bl~nkklip breccia as a result of 

inversion by tectonic movements, o.g. about 2 miles 

north of Ia.ipfontein homestead. (Map K.) 

The// •••• 
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The Blinkklip breccia is nnmod 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 u because 0£ 

the cave on its eastern slope. This cave has boon 

enlarged by ancient workings for spocularito. It 
uBlinkklip $.op, "referring 

is also known as~to the glitter produced by the 

specularite rich breccia in the sun. This hill 

was visited by Burchell about 1805, (28, p.6.) and 

marked 11Sensa.vanu 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 breo-

ciated equivalent of the basal portion of the lower 

Griquato~n beds, which are iron rich banded ironstones. 

The extent of the brecoiation 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 

specular 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 breocia is··much smaller. ( Compare Plate 1. 

Fig.3.// ••• 
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Fig.3. and Plate II. Fig. l.) Near the contact with 

the siliceous breocia 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 tho 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 

brecciation decreases, becoming a jumble of large 

displaoea 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 breooia to banded ironstones, some­

what disturbed, is illustrated in the series of sec­

tions depicting tho evolution of tho breccias. 

'Whore Gamagara beds are preserved on the Blink­

klip broocia (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 clearly an 

undisturbed unconformity. On the other hand, whore 

the plane of this unconformity transgresses across the 

intensely shattered siliceous breccia, the Gamagara 

beds are almost unrecognisable. Fragmonts thereof 

a.re inextricably mixed into the broccia, and it is 

of great interest that at such localities have been 

found the richest concentrations of the siliceous type 

of ore. 

The great difference in the weathering forms 
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betrreen the Blinkklip broccia and the constitutionally 

identical banded ironstone is noterrorthy. The for­

mer weathers into great 11tors 11 like granite, (Plate 

I. Fig. 2.) while the latter weathers into low rounded 

hills like 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 uay. Exfoliation of large slabs cutting 

across the individual fragments is common, thus pro­

ducing the large boulders. Suoh exfoliated slabs a.re 

vronderfully rigid, ringing like a bell nhen struck by 

a hammer; thus bearing testimony to the completeness 

of the re-cementation process by nhioh the individual 

fragments have been uelded together. 

Magnetometer tests over Blinkklip breccia reveal 

little or no anomaly, while the original banded iron­

stones produce intense anomalies. (34) Since no 

clear signs of oxidation 0£ the magnetite content 

could be observed, it is possible that this phenome­

non is due to the heterogeneous distribution of the 

chips in the rock nullifying each others polarity, and 

thus producing a practically neutral rock. In table 

13, however, very little 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 silioified fragmental 

matter// ••••• 
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matter, silica, haematite or specular iron. 

The latter two cementing media are the most common. 

For this reason the breccia is more or less enriched 

in iron, some portions more so of course than others. 

The average composition is fair]yconstant, assays 

sho-rJ'ing about 50% silica and 50% iron oxides; mainly 

haematite, uith negligible amounts of other radicles 

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 grad.e iron 

ore. The silica content is in the form of cherty 

silica, which should flux far easier than crystal-

line quartz. In the area stretchi~ from Olynfon-

tein north ... eastwards to Kapstewel, ther-e are hundreds 

of millions of tons of this rock. All of·-.... it is in 

ad.di tion well placed on the tops of moderately stoep 

hills nhioh -rrould make for cheap and easy quarrying 

and gravity transportation to loading plants. The 

grade of the rock, houever, makes it an asset be-

longing to the futu~. It may, however, be mined as 

an accessory to the very pure haemati to 01~0: ·.-ihioh 

cap these hills at several localities. 

VI. B.) 

( Seo Chapter 

(5) Tertiary and Recent Deposits. 

These cover a wide area but 

,tre s1ut11 ovJ· and of small importance. 

( a) Surf ace Limestones, or Calc_areous 
Tufa.. 

In the higher lying 

area to the ea.st of the scarp formed by the// •••• 
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the Gamagara rand, the run-off is fairly steep; and 

erosion eomparatively active. In consequence ve~y 

little surface limestone has bean formed. Small 

patches of oalca.reous tufa have collected where 

dykes have interfered with underground drainage, 

e.g. 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 obscured by sandy drift. None of these 

impure deposits a.re of any eoonomic importance at pre­

sent. 

(b) Sands and Gravels. 

Because of the general 

altitude of the manganese area; over which passes the 

watershed between the Gamagara and Matsap drainage 

systems, large aooumulations of sands and gravels 

have not been able to gather. 

Surrounding the IG.ipfontein hills, and filling 

the valley bottoms between them, are shallow grass­

grown acoumulations 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 KJ.ipfontein hills, and the eastern slopes 

of the Garnaga.ra ra.nd. 
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The mass of the fragments in the Eastern belt 

gravels are sub-rounded and irregular pieces of 

siliceous and Blinkklip breccias, chert and haematite. 

In the vicinity of haematite outcrops 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 oocur 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 p~nk windblovm sand, especial-

ly on the sheltered £lats on Wiarthas Poort. Some of 

this sand may possibly be useful for castings, owing 

to its even texture resulting from wind sorting. 

The manganiferous gI3avels 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_lntrusions. 

In the area covered by 

the accompanying maps, intrusive igneous rocks are 

very sparsely represented, being restricted to a few 

thin dykes of basic composition, and Kimberlitio 

pipes. There seems to be no doubt that igneous 

rock has had no part in the formation or crystallisa­

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

(a) Dykes.// ••••• 
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( a) Dykos. 

Numorous thin dykes are found to 

oriss cross tho dolomite area east of the Gamagazaa 

l'and, which fol'ms part of tho oore of the Maremane 

anticline. (See Chapter III. A.) This anticlinal 

core is formed of well jointed dolomite, and seemed 

to yield a relatively easy passage for the emplacement 

of igneous material. 

By far the greater number of dykes trend in a di• 

reetion a few degrees east of north, while several bran­

ching dykes follow an east-west direction, for instanoe 

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 

maps are the composite one running parallel with, and 

east of, the Gamagara rand, and the powerful dyke 

running north-north•east through IG.ipfontein. 

This dyke has been followed from the Postmasburg 

Dopper Church, northwards for a distance exceeding 

30 miles. 

The oomposite dyke east of the Gamagara rand is 

interesting from the point of view of its mode of 

emplaoement, sinoe it repeatedly divides and re-uni­

tes. The outorops can be easily followed, and are 

for the most part covered by an outstanding ridge of 

accumulated oaloareous tufa, which has resulted by 

transpiration of ground water from the weathered water­

bearing dyke material beneath. These ridges of 

calcareous tufa a.Pe utilised as the sites for local 

roads in order to avoid the rough dolomite karst, 

and// ••••• 
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and to connect tho Val'ious farms, v,hioh fl.1.'e 

nearly always situated on such dykos, whonce the lo• 

cal nator supplies are dtaawn, fol' the most pat't trom 

wells. 

It is possible that tho oomposite dyke oast 

of the Gamagora ~and, and the Klipfontein dyke, 

follow the sites of relaxation faults of the normal 

type, subsequent to the relief of the intense pres­

sure aooompanying the thrust faulting. No definite 

evidence could be o btainea. If such be the ca.so, 

the triangular blocks of dolomite betrrnen dykes 

following different directions, between parallel 

dykes, and the lens-shaped masses surrounded by 

branches of the compo si to Gamagara dyke, are dovmf aul­

ted blocks or small ugrabon 11 of dolomite. 

It seems that the dykes are all contemporaneous, 

since, though no definite contacts were observed, they 

seem to flow into each other whore tvm or more con-

verge. The dykes are important from the point of 

view of underground ~ater supplies, sinco, especially 

where weathering has been deep, \ireak to moderate but 

constant supplies aro obtainable at relatively shal­

low depths, of from 40 to 50 foet. In tho dolomite 

away from the dykes search for TTator is a risky 

procedure. So strongly do the dykes interfere with 

the circulation 0£ undorground water that at many 

loaalitios springs a.ro brought into being; as for 

instance on Doornfontoin oast of Lace's Goat. 

Such shallow accumulations of water are well shovm 

in tho area by the accumulation of oalcareous tufa 

on the surface. 
The// •••• 
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Tho dykes are all doloPitio in character, but 

have a fair variation in composition £~om plaee to 

place. For instance varieties fail'ly rich in 

olivine and orthorhobbio pyi-oxene can be oon-

trasted with syenitic vai-iations, the latter se-

gregating near the centres of unusually broad dykos, 

i.e. ,-.rhere they exceed a.bout 100 feet across tho 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 aoro~s, ot 

a finegrained leucocratie soda granite was observed. 

The tpxtµre is a fine mosaic of quartz and albite­
oligoolnse, with a few scatterd augite individuals. 

The latter exhibit reaction rims consisting of sheaf! 

of amphibole, which was determined to be a hornblende 

weakly pleochroic in pale yellow and green. Grano­

phyric qua.rtz.felspar 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 rook are very weak. 

Near the north-eastern corner of the farm 

Gloucester a wll was sunk on a dyke, which proved to 

be too solid to be water bea,r,ing. A thin section 

revealed it to be composed of an intergrowth of 

labradorite felspar with monoclinic and some orthoF­

hombic pyroxene, in a sub-ophitic manner. Many 

small rounded and resorbed crystals of a mediumly iron 

olivine were scattered about in the rock. 

The// ••••.•• 
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The optical properties reveal that the olino­

pyroxene has pigeonitic affinities, ~ith 2 V gamma: 

49° and gamma / C = 40°. 

The ortho-pyroxene is a hypersthene uith 2 V alpha: 

62°, i.e. uith about 56% M'gSi03• The plagioolase is 

normally zoned andesine to oligoclase, with 45% down 

to 20% .An. The olivines were too small to dete~mino 

accurately. 

The following analysis bears out the basio nature 

of this rock, which is seen in addition to contain amall 

amounts of chrome, phosphate and titania: 

Radicles. 

Si02 

AJ.2°s 

Fe
2
o

3 
FeO 

NmO 

MgO 

CaO 

Na2o 

~o 
Ti02 
Zr02 

P205 

Cr203 

HgO_ 

H20-

Total 

Table 3. 

Lab. No. P.8508. 
% 

48.73 
Norm values oalculatea 

9.58 from this analysis: 

8.83 

9.05 

0.40 

13.77 

8.05 

1.81 

Orthoolase 
.Albite 
.Anorthite 

~

fs 
Diopside en 

,;/0 

~

:rs 
Hypersthene 

en 

0.46 Olivine 
>fg 
(fo 

1.08 

o.oo 
0.12 

0.23 

2.90 

0.15 

100.16 

Magnetite 
Chromite 
Ilmenite 
.Apatite 
H20 

Total 

2.78 
15.20 
16,69 

2.24 
6.42 
9.41 

8.31 
23.49 

1.22 

3.10 

5.56 
0.45 
2.12 
0.34 
3.05 

100.88 

Analyst: C.J. v.d. Yvalt, Division of Chemical Servioes//. 
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Services, Pretoria. 

(b) Kimberlite Pipes. 

A small pipe was found 

about half a mile to the south-west of the prominent 

Tigerkop, immediately north of Kapstewel on the farm 

Thaa.kwaneng. The Kimberlite is very weathered 1 and 

is rich in micaceous elements of a phlogopitio 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 £or 

manganese, which was proceeding in the siliceous breo­

oia on the southern slopes of the hill across which 

the boundary fence passes. As usual the Kimberlitio 

material is deeply weathered into a friable greenish­

yellow mass in which a.re scattered numerous mica 

flakes. It is reported that on being washed, a few 

small diamonds were found. Apart from small limestone 

inclusions derived from the dolomite, some inclusions 

of a very fine-grained greenish quartzite were found. 

This 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 qua.rtzites adjacent. Boreholes sunk 

for// •••• 
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sunk for water in this dolomite mass BJ.'e reported 

to have encountered Kimberlitic material which is 

stated to have yielded a few tiny diamonds. 

It 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 

easily weathered Kimberlite, which is diseovered 

only in favourably exposed areas. 
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CJI.APTER I I I. 

Probable pre-Matsap Topography and Conditions of 

1fu.tsap 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 dravm 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-Matsap 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 

a.xis approximately along the present site of the Gamagara 

rand, with a second minor anticline to the southwest from 

Wolhaarkop to Auoampsrust, 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 

a.ooount of, according to the reconstruction of this, the 

Maremane anticline, as illustrated in the accompanying dia-

gram. 

About the time sedimentation of the Gamagara rocks was 

initiated, erosion of tho Transvaal system had progressed 

so far as to lay bare tho upper horizons of the dolomite in 

the cores of the anticlines. This dolomite seems to// ••• 
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to have formed a somewhat potholed plain fringed in 

concentric fashion by low hills of the Pretoria series, 

(o.£. 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 roo~s 

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 rook 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 rook like dolomite, it is quite 

probable that a certain amount of sub-surface soluti~n 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 ~his central outlier-dotted, or pro­

bably more correctly; outlier-fringed plain, the baµded 

ironstones and higher members of the Pretoria series dip~ 

ped away at a low angle to the east, composing the easte~n 

limb of the Maremane anticline, much as it is exposed to­

dey, except that by erosion the edge of the banded iron­

stones have retreated about 5 miles fu~ther east. The 

western limb of the Maremane ~nticline, subsequently so dis­
torted by t~e thrust faulting, probably reproduced the same 

arrangement, with the rocks djpping a.t low angles ___ to the 

west. (C.F~ evidence of conglomerate on Japies Rust.) 

(B) Distribution and Disposition of the Younger Rooks, 

The hills of older rock described above yielded much 
debris composed of the more ferruginous part of the banded 
iron.stones., QWing to their superior resistance to weathering, 

T~is debris would have collected about the lower hill 

slopes and B4jaoent dolomite flats as irregular beds of 

conglomerate; while further afield on the dolomite plain, 
grit washesi and fina~ly, ferruginous.mu~s were deposited. 

On a sma l scale; it seems that this is a parallel 
with//••., 
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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 souroe o:f the material; i.e. near 

the land remnants boraering 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 ara-like distribution of the coarser !er­

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 oon• 

glomerates, indicate the situation of the banded ironstones 

composing tho eastern limb of the Maremano anticline, as it 

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 gtraight northsouth 

line, .An east-west line joining IQipfontein to Marthas 

Poort is the symmetry axis of this bow-like arrangement. 

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

the bow, coinciding with the distribution of the Gamagara 
basal// •••••••• 
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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 lino 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 embayments 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-wost 

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 regions 

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 Tvvenhofel. (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 c!C''ten low, ( C) // • ••• • ••• 
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It is olear 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 banaed 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 local streams. At the commenooment of deposi-

tion at any rate, it seems that large streams with great 

carrying power were absent. Weak looal drainages seemed 

to have debouohed into quiet shallow waters. That the wa-

tars were quiet and -shallow, or agitated by weak conflicting 

currents, is shown by tho ooourenoe of coarse pisolitic 

structures in the shales. These are encountered at inter­

vals 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 olimato at the time was we.rm and relative­

ly dry, resulting in tho~ough oxidation of the iron. The 
I 

absence of anything resembling a tillite in these rooks con-

firms this view. 

Much speculation has been caused by the unusual composi-

tion of the shales. Their abnormal richness in alumina 

must have originated partly during this period cf deposi-

tion. Prolonged weathering of dolomite leaves highly 

aluminous// ••••••• 
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aluminous :residues, (39) while aluminous muds probably 

impregnated with sulphates, could have come from the Ongc­

luk lavas, uhioh bear sulphides. The dolomite has lo• 

cally been proved to contain chlorine and fluo:i?ino, ( Chap­

ter II, B.l.) as also have the Gamagara shales. This 

is another reason for considering that weathered dolomito 

provided the bulk of the material to form the shales. 

CHAPI'ER IV. 

Teotonios. 

(A) The Structures. 

( 1) General. 

The main toctonio features of the area 

are the great thrust faults running parallel with tho 

strike of the Gamagara rand, and to the Yvest of it. These 

are low angle thrusts, evidenced by their sinuous trace 

as revealed by e~osion in transverse gullies and valleys, 

especially on Marthas Poort and Japios Rust. On these 

farms occur isolated alloohthonous blooks left by erosion, 

which has exposed a sinuous thrust plane running around the 

periphery of the loose masses. (See Map G,) 

Sections exposed in gullies show that the fault 

planes are now undulose, (Plate II, Fig. 2.) no doubt 

as a result 0£ oontinued pressure subsequent to the 

formation of the breaks, In general the average dip 

of the fault planes along the Gamagara rand is about 

12° to the west~ 

Assooiated with the faults are numerous structures 

suoh as folds of many types, breccias,· shear planes, 

slickensides and minor faults. By far the most intrioate 

folding is to be seen on southern Marthas Poort.(Plate II. 

Fig,3.) (2)// •...•• 
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(2).jh~ 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 oonfines 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, sinoe 

it traverses the farm Vlakfontein north-west of Paling, and 

the older or lower break has been named the Gamagara thrust, 

since it so olosely follows the western edge cf the Gamaga­

ra rand. They will be referred to for brevity as T.l. (the 

Gamagara thrust) and T.2. (the Vlakfontein thrust.) 

T.1. was dofinitely traced along the northern half of 

the Gamagara rand, vfuere it is in plaoes complex; dividing 

into at least two separate breaks. In this area, which 

is to the north <:f. the accompanying map G. the trace cf T.l. 

has been clearly marked on the maps accompanying the latest 

Geological Survey publication on the a.rea.(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. portrays the trace cf T.l. where 

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 Plnte II. Fig.2. 

where it is exposed in a transverse valley. Here the 

upper// ••••••• 
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upper jaspery portions of the lower Griquatown series 

rest apparently oonformably on the Gamagara qua.rtzites. 

The former rooks, which are £erruginous and show up black 

in the field, are greatly disturbed, being throughout 

slickensided and fractured. On the other hand the under­

lying quartzites bear little evidence of disturbance. 

This £act conforms to the observations of Cooper (8) who 

found that the autoohthonous beds undc;rlying 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 m03 t points, 

and sometimes absent, along a thrust plano involving a 

heave of about 22 miles. It might be stressed here that 

the extensive siliceous and Blinkklip breccias in tho area 

are not regarded as lying along a thrust plane, but are a 

subsidiary effect 0£ the mighty ea.J."th movements owing to 

a special combination of circumstances. (See Chapter IV.B.3.) 

Near the thrust plane depicted on Plate II. 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, 

k>hathla, Japies Rust and Gloucester, the quartzites are 

intensely fractured in the same manner as the Griquatown 

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.I. transgresses to higher horizons across the· 

lower// •••••• 
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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 serien, 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 portraying 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 tho Gamagara rand, 

T.I. must necessarily have a heave at this locality of a 

minimum of 8 to 10 miles. M'oreover, 2,500 feet of the lower 

Griquatown series has been eliminated by the fault, presum­

ably by the progressive fort1ard movement o.f 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 

irmnediately to the west of the Gloucester manganese mines, 

at the base of conspicuous red cliffs of shattered banded 

ironstones and jaspers. These cliffs and bouldery masses 

o.re striking lo.ndmarks when viewed from the vicinity af the 

manganese quarries. 

On the upper dip slopes of the mountain are infolded 

masses of Gamagara rocks resting with a sedimentary contact 

on the lower Griquatovm beds, which are above the trace at' 

T.I. and therefore alochthonous. The Gamaga.ra 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,mce as to the essential correctness 

of the reconstruction of the Maremane anticline, before 

mentioned, where Ga.magara sediments a.re shovm 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 cf rock masses. However, 

on plotting the extent of each rock mass carefully, and 

drawing them in faithfully according to the contours r£ the 

section; it was 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 

fcrmation 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.l. 

Continued pressure subesquent on the formation of T.2. 

caused nwnbers 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 tho resistance, and that the mass 

then broke more or less horizontally in a low angle thrust// ••• 
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thrust or "sole" aoross or below the imbrioate pile. 

The crushed and slickensided banded ironstones along 

the planes<£ these small reverse faults have been 

heavily ferruginised, resulting in the formation ar small 

lenses of high grade haematite ore. 

Cha.mber~in 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.1. and T.2. breaks. Visser (35} has evi­

dence to the ue~t of map G. that tlie 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

tact. The Gamagara basal conglomerate, here very ~ell 

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 

afford ed.// ••••• 
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afforded of the tectonic effects on the conglomerate. 

The conglomerate as a whole seems but slightly disturbed, 

but individual pebbles are sliced in step-like and rota­

tional fashion, while the surrounding clayey matrix is 

scored and slickensided. 

On sections 4.G., 5.G. and 6.G. the thrust faults 

T.l. and T.2. can clearly be traced by moans 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.l. seems to steepen considerably along 

the western flank of the Gamagara rand, which here forms 

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.3.) The resistance at 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 numo11ous examples of 

thrust faults in which the plane of the fracture varies 

from 5° to 25° in dip, steeper angles boing ascribed to 

later// ••••• 
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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 al'e always la.I'ge, being measurable in miles. 

These Postmasburg thPust 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 

(35) 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 cf 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 acPoss which 

sections 4.G., 5.G. and 6.G. have been dravm, the faulting 

has brought dolomite up against and over tho Gamago.ra quo.rt­

zites. It is this relationship on Paling which Rogers 

noted, and caused him to conclude that faulting hnd. taken 

place here. This he named the "Paling i'o.ult. u ( 25) The 

relationship can be v1ell seen Yvhere Paling poort debouches 

on the sandy flats. A well developed mass of Gamagara qua.rt~ 

zites is seen to dip at a low angle boneath the dolomite to 

the west, although the Gamngara beds n.re cle~rly seen to lie 

unconformably 21! the dolomite half a mile to the oast at 

the top end of Paling poort. It should be stated that there 

is only one dolomite formation in the area • 

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

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

west of the Gamagn.pa rand, are prominent hills of highly 

disturbed Gamagara quartzites, resting on the fractured 

sheet of alochthonous dolomite west of the Gamaga.ra 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 Gamagara beds lying on the 

alochthonous jaspers of the Transvaal system seen in sec­

tions 2.G. and 3,G. However, the absence of the bnsal 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 relntionship of the other rocks, n.nd 

the course of the traces of T.l. and T.2. For this reason 

it is thought most possible that the postulated plane of dis• 

turbnnce beneath these loose musses of quartzite be an oar• 

lier and lower branch of T.2., as depicted in sections 4.G., 

5.G. and 6.G. If this be so, then the T.2. break must 

later have branched ~nd 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 

seotion only the plane of T. l. appears. However, a window 

of shattered Gamagara quartzites showing through the highly 

disturbea mass of alochthonous dolomite gives evidenoe cf 

the highly undulose nature of the thrust plane. Here, as 

at other localities, the moving mass of rock above the thrust 

plane// ••••••• 
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plane is seen to have undergone far more shattering and 

disturbance than the underlying autochthonous mass. In 

this section; an outlie~ of siliceous breccia capped by 

disturbed Gamaga.ra shales, appears to the east; heralding 

the approach to the top of the dolomite series as exposed 

in the old Maremane anticline. The appearance of si­

liceous breocia is the forerunner of the appearance of 

brecciated banded ironstones or Blinkklip breocia. This 

sequence is to be expected, for the banded ironstones follow 

the cher~rich dolomite in normal sedimentary sequence. 

Section 8.G. on Doornfontein heralds the close approaoh 

of the two thrust planes, T.1. and T.2., which is a feature 

of the southern portion o! the Gamagara rand. Here again, 

the later T.2. has interfered to a slight degree with T.l., 

which has 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 lowe~ Griquatovm 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.2. 

gains in importance as the main break with the greatest heave; 

while T.l. decreases in magnitude. To the north the reverse 

order obtains. 

On Doornfontein thick masses of siliceous breccia appea.t' 

on the dolom~te, overlain by small discontinuous cakes of 

Blinkklip breocia. Section 9.G. shows the relationship 

these rocks have with the underlying dolomite and overlying 

Gamagara// •••••• 
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Gamagaru beds. On this seotion T.l. only appeo.rs, and the 

undulose nature of the thrust plane is again illustrated. 

T.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 

£erruginous conglomerate of the Gamagaru series is partly 

infolded in the siliceous breccia, as a result of local over­

folding from the west. 

Section 10.G. is drawn across the site of Beeshook 

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.l. and 

T.2. actually coalesce, for some distance to the southward,· 

beyond the confines af map G., one large break only is found, 

which has been followed by Mr. D.J.L. Visser (35) 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 tho 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

westvuards from IG.ipfontein, and composing the southern por­

tion of the eastern limb of the anticline. 

Boreholes for water south and west cf Beeshook village, 

pierced unusually thiok beds of Gamagn.ra shales, v<l1ich are 

strongly developed at this locality • 

.Apart from the powerful thrust fo.ulting encountered in 

the area, very little faulting of other types is encountered. 
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On the north-wostern corner of tho f nrm Driehoekspan 

small tear faults are oncountored. Theso have boon 

formed subsequent to tho intense folding of the beds, 

which al'e offset small distances in a south-east di­

reotion. The small reverse faults encountorod on 

Marthas Poort have already been dealt with in describing 

section 3. G. 

(3) Folding and Distortion. 

In vieu of tho powerful thrust 

faulting ~hioh has affected the area, folding and dis­

tortion seems relatively unimportant, especially to the 

east of the Gamaga.ra rand. For the most po.rt ~he autooh­

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 

encounte~ea. (See Plate II. Fig. 3.) 

On Marthas Poort and northern Paling, across which 

sections 4.G., 5.G. and 6.G. have been drarm, much of the 

pressure was relievea by intense folding. This belt af' 

folding can be seen on map G. to be arcuate in shape and 

oonoave towards the west, olearly indicating that the 

pressure originated from this quarter. In fact, as re-

garas the regional tectonics, the focus of the tectonic 

forces seems to have been conoentrated in this aroa. The 

deepest point in the uide Langeberg aro to the west (35) 

lies opposite this part of the Gamaga.ra rand, while to the 

east on the same line; lies the central portion of the arc 

of breccia hills on Kapstewel and IG.ipfontein, exhibiting 

likewise the maximum amount of breociation. 
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The line oonnecting those points of maximum pressure ana 

disturbance in the Langobe~g, tho Gamagai-a ~and, and the 

Ia.ipfontein hills ls not due west to east, but is inclined 

a few degrees north of east. The simila11ity of the a­

lignment of the Garnagnra rand and the IQ.ipfontein hills to 

a bow has already beon drawn. This line of maximum pres-

sure would coincide with the ar~ow, which, correctly plaood, 

would coincide with tho common line of maximum deformation. 

This fact is additional ovidenoo that the post-Matsnp do­

formations and the brecoiation are contemporaneous, and tho 

result of the same tectonic disturba.noe. 

The folding in this greatly do£ormed seotor of the 

Grunagara rand is portrayed in sections 4.G., 5.G.and 6,G. 

The folds are for the most part symmet~ical closed folds. 

(38.pp.61,62. and Plato II. Fig.3.) Some of the folds con-

tinue with remarkable persistence, e~osion exposing long 

narrow outcrops of squeezed ferruginous oore composed of' 

Gamagara basal beds. :Most of them, however, are distinctly 

ca.nee shaped, and a.re arranged on eohelon. Canoe shaped 

anticlines are connected by so.d.dle synclines. YVhere an an­

ticline dies away, another oomrnences diagonally beyond a con­

necting saddle syncline in a rythmic pattern. These struc­

tures aro all on a relatively small scale, as can be seen on 

map G., nnd aro therefore an easy and interesting study. 

Some of tho squeezed folds havo resulted in tho elimi­

nation of the iDoompetont shale band between the Gamagara ba­

sal conglomerate and quartzites, while in favourable loon• 

lities inordinately thick masses of puckered shales have be­

oome bunched together, as for instance in the doep longitudi• 

nal valley on south-eastern Marthns Poort. 
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The shales are highl7 mioaoeous and phyllitio as a result 

of the dynamic metamorphism. 

It is noteivorthy 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 Go.rnagarn series. The thick• 

ly bedded qunrtzitea higher up in the Gamaga.ra series were 

more competent. This difference in the competency of the 

beds is well shown in Plnte 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

mod of tho relatively competent upper quartzites of the Ga-

mngnra 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 must necessarily have involved a 

large amount of differential creeping in the beds. (38.p.62. 

fig.24.) 

This intense folding dies out to tho 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 minuto scale, ac-

companied by closely spaced slickensiding. On the oastorn 

side of section 9.G. is an example of overfolding involving 

the siliceous brecoia as if it were a yielding mass, bulging 

it up and over a thick bed of basal conglomerate. 

Marked fo1ding on a small scale every,.vhore affects tho 

basal bods of the Gamagara series, especially where these lie 

directly on the dolomite. Those disturbances are ascribed 

mainly to slumping resulting from tho subsurfaoe solution of 
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72. 

( Chapter V. C.) 

East of the Gamagara rand folding is very little in evi~ 

denoe, there being instead a welter of breociation prese~­

ved in the Klipfontein hills. Sections l.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 beon infolded beneath or bunched 

up against the broccia masses exhibit complex puckerings, 

(Plate IV. Fig.2.) or are oven become schistoso. 

The fact that so much shattering and sliokensiding has 

to.ken place along tho Gamagara rand, in addition to the 

folding, is an indication that tho disturbances took plo.ce 

relatively near the surface, without any considerable 

superincumbent weight. The structure shown on Plate II. 

Fig. 3. where the more massive Gamaga.rn quartzitos 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 VHl.S greater than the 

vertical pressure, resulting from the ueight of tho over­

lying rocks. 

The extensive Blinkklip breccias are additional evidence 

that in this portion of the area the disturbances occurred 

at a level in tho earths crust not so deeply buried beneath 

a super-incumbent mass of sediment. Tho Gamagara rand in 

fact, forms tho boundary lino be~Neon the zone ar intense 

folding, which is best developed in the masses of sediment 

composing the Langoberg 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 
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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 aro small, varying from a fraction of an inch to 

a maximum of a few feet. In form they are ooncavo-convax, 

the planes of fracture parting for a few inches and coming 

together again. On Lomoteng an outcrop 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 haematite composing the highly ferruginised 

basal grits and conglomerates of the Gamagara series, 
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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 over-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 deformation, and only rarely, where they have been 

rendered brittle by silicification, are breccias oncountcred. 

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 a whole folded. 

In places the thrust 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 Garnagara quartzites have been pushed across the 

dolomite at ono spot, with the formation in that rock of 

irregular "sandstone dykes a. (Plate III. Ffg. 1.) These 

seem to have been tension cracks in the dolomite, into whioh 

sand has filtered. This loose sand must have been produced 

by the abrasion along the plane of the break of tho base of 

the moved quartzite mass. In thin section the quartzite 

grains show considerable attrition. (Plate VIII.Fig. 2.) 

On lifount Huxley immediately east of the IG.ipfontein hills 

similw "sandstone dykes" in dolomite e;rhibit rnylonitisa­

tion. ( Plate IX. Fig. 1. 

Brocciation on a vast scale is found in tho brittle and 

incompetent banded ironstones of the lower Griquatown sories, 

8Jld the undorlying cherts which lie at tho top of the dolomite 

series. This amazing development of breccias nicely follows 

the supposed distribution of the fringe of lower Griquatovm 

banded ironstones in pre-Matsap times, locating the eastern 

limb of the Maremane anticline. In my view, tho formation 

of these breccias is to be ascribed to several factors, which 

aro dealt with in B.3. below. 

A feature of the Blinkklip breccias which is of particu­

lar significance is the presence of actual mylonito, often in 

distinct zones of intense crushing aligned east by west, as 

found on south-western Doornfontein, or roughly sheet-like 

elsewhere. 
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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. pl91.) 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 myloni te in the 

Blink.~lip breccias suggests that it should rather fall under 

his ucrush breccias." 

It is cloar that tho massos of brecciated banded iron­

ston£1 as seen to-a.ay ( the Blinld.dip broccia), is the brec­

ciated counterpart of more or less disconnected outliers of 

banded ironstones, at one time buried beneath tho Gamagara 

sEdiments. 

Tha distribution of the intensity of the brecciation Jn 

these banded ironstone masses is of prime importance from a 

gonotic point of view. The larger thicker masses, such as 

cn0ounterod on the prominent hill east of Beeshoek village 

and on IG.ipfontein, are particularly instructive. This 

distribution in the vertical plane was noted by Nel, · ( 21.p. 

23.) who says, 11 Thero is a distinct tendency for the frag­

ments of the breccia to increase in size towards the higher 

horizons of the formation. 

large tilted blocks above. 

Tho usual broccia gives way to 

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

oia below the Blink..klip breccia is habitually composed of 

much smaller fragments, and is the zone of the most intense 

brecciation// ••••• 

 
 
 



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

brecciation. A fair comparison is given betvreen 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 vrnre 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 

brecciase In my explanation as to the mode of formation of 

the breccias given below, I think it is fair to say that the 

feat,u.,e describec1 above.? as weJ.l as all others, find. a na­

tural oxplanatior.L. 

(B) Eyo1utiog_qf- t!J,e !~ctonic Structurj1s and_!Q~ __ Brecc~~• 

It will not be out of place to give here a resume 

of th~ opinions previously expressed as to the origin of the 

breccias, and the tectonic structures. 

ONing, in the first case to the prominence and often 

bizarre shape of the outcrops, and their unusual nature and 

extent, the breccias have attracted a great deal of attention 

from geologists, especially in late yea.rs as a result ar 

their close association with valuable ore deposits. 

In 1870, fjtow (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 movements. (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 breccias, 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 ovm views and conclusions are given below, in 

section (3). 

(1) General. 

Having, from all the evidence to hand, a fairly 

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 S~ntis to which brief reference 

may be made. They present certain features which distinguish 

them from the great recumbent folds occurring well within 

the .Alpine are a. The latter originated at considerable 

depths, and were subject, therefore, to the weight of enor­

mous 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 dovm to// •••• 
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to nearly the same extent, did not become plastic under the 

folding process, and consequently were oraoked, fissuerd, 

fraotured and shattered. 11 

In the Postrnasburg region, the counterpart of the 

heavily loaded .Alpine area is the intensely folded Lange­

berg, which according to the evidence of the sedimenta­

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 Sihitis; while the IQipfontein hills 

represent relief by shattering and breociation rather than 

folding. The westerly dip of the thrust breaks, suggests 

that they approached relatively near the surface in the 

IQipfontein 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-KJ.ipfontein Blinlddip breocia hills. ( See re­

oonstruotion of the Maremane anticline.) 

The presence of brecciated dolomite cemented by a 

quartzite mylonite in the form of irregular "sandstone dykes 11 

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 KJ.ipfontein hills; 

no doubt greatly affecting them in the process. Here we 

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

(2) Evolutic;>n of the Folding and Thrusting. 

Upon the filling of the geosyncline 

west of the Gamagara rand, compressive forces lrnre set up, 

and the sediments were thrown into the intense Langeberg 

folds, vlith pr)bably small thrusts. (35) .After a ce1')tain 

amount of heaping up, the ma'ss rose and rode foruard bodily 

along major thrust planes. Such a thrust plane probably 

ort~ginatea. in a fold bol.JWJ but not necessa::.-,ily so, since 

it may have originatea. at onae on the application of se­

vere ho11 izontal pre sst:.ro, according to Cadoll. ( 4) 

In vie-r1 of the geological struct,1res involved, I am 

inclined to postulate such an early formation of at least 

the main and luuest th1,ust plane, the T.1. break exposed 

along the Gamagara 1-1and. This break lies mainly in the 

very incompetent bandoa. ir'onstono zone of the lower Gri­

quatown series, which is sandwiched between the thick and 

competent masses of the Campbell Rand dolomite and the 

massive 0ngeluk andesitic lavas. A parallel 1s afforded 

to some extent in the l~palachians, according to Hayes, (17) 

who explained two parallel thrusts v1hich run for 200 miles 

and have displacements of 4 to 11 miles. 

In this .Appalachian case rrnak shales are intorbeddea 

with massive dolomitic beds. The strata are thought to 

have first flexed into a pair of gentle anticlinal bonds. 

Between the flexures the strata remained essentially un-

disturbed. Finally a break occurred near the crest of 

one of the anticlines, and the thick competent formations 

sheared more or less horizontally along a slippage plane 

which closely follovrna the bedding of the weak shales. 
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According to the dis~ibution 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 great thickness of dolomite, and 

beneath a similar thickness of competent lavas, was dis-

posed wit4 a gentle dip westwards. During the accumulation 

of compressive forces acting from the west, relief was af­

forded in a plane·parallel to the banding of the weak banded 

ironstones. ( See Sections of Maremane a?lticline.) This 

plane was almost parallel to the direction of maximum pres-

sure. In consequence the massive Ongeluk lavas plus the 

overlying lfatsap beds, sheared along a slippage plane 

rising gently eastwards, and closely following the bed-

ding of the weak banded ironstone3. Thus was formed T.l. 

It should be mentioned .that the weakest zone in the 

banded ironstones and jaspers lay in the lower half of the 
is 

zone; namely in the.fissile banded ironstones. This proba-

bly why the more competent banded jaspers above outcrop so 

prominently above the trace of T.l. along the Gamagara rand. 

As the competent beds moved forward and the resistanoe 

increased, movement oeased along T.l. and increased pres­

sure now threw the plane of T.1. into folds. With further 

accumulation 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., 3.G., 8.G. and 9.G.) 

Both these breaks encountered their main resistance a­

long the Gamagara rand and the dolomite and Griquatown beds 

to the east, riding some distance over these resistant 

masses// ••••••• 

 
 
 



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

masses .. 

levels. 

Further thrusts developed later at still higher 

These are described by Visser. (35) 

Others, I am sure, will ask, as I asked myself, 1~T\Jhy 

has such a remarkably straight north-south zone of Gamagara 

beds been preserved beneath such powerful thrust planes? 

Wh.y are not; at best, irregularly placed remnants preserved?u 

.After much thought, I have the following explanation to offer, 

which I trust may be considered reasonable. 

The indications are that the north-south axis of the 

pre-Mat sap Maremane anticline ran along the present site of 

the Gamagara rand. It is centrally placed with regard to 

the arc of Griquato'W!l 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 is af ten disposed 

sub••horizontally, and even shows signs of low westerly dips, 

exoept 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. Erosion 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 it 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 

faot is also an indication of the correctness of the 
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postulation. The thrusting has of course everywhere 

exaggerated the uesterly dip of the Gamagara beds to their 

present position. .An initial westerly dip in this di-

rection has been suggested as a result of tho 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 eastei->n edge of the 

lou trough; a sort of dolomite barrier, as a result of 

the urge transmitted from the east~ard moving masses above 

the pln.nos of T.1. and T.2a; but espec:.ally of T.l. 

(3) Evolution of the Brecciation. 

Having come to the conclusion 

that the prime factor in the formation of the breccias 

was the tectonic deformations and earth movements, I 

offer tho 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 Blinlddip and siliceous breccias,~ 

are additional evidence pointing to the tectonic origin of 

these rooks, over and above the facts already mentioned in 

the foregoing. 

Near the north-western corne1'1 of IG.ipfontein I found 

samples of the underlying siliceous breccia, which oan 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 
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date of this brecciation is post-Matsap, having affeoted 

Gamagara rocks, as are the thrust faults, 

In addition, a mixed Blinkklip-ohert breccia on the 

hill side east of Mangano re siding (map K.) contains rounded 

cobbles of Gamagara quartzite, where this rook, which unoon­

formably overlies a thin sheet of disturbed banded ironstones, 

has been infolded and involved in the brecoiation. (Central 

part, section 1.K.) The rock containing these cobbles re-

sembles 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 to be infolded or rolled 

under the previously underlying mass of banded ironstone, 

now so brecciated. These shales are themselves breociated 

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 cf 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 

rook the front cf which has been compressed and infolded 

as the result of its being urged forward in an easterly 

direction. Cad.ell, (4) in his exhaustive researches in 

mountain building and thrusting, finds that "the front poP­

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// ••••• 
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the irregular zone of chert and Blinld{lip breocia above 

the dolomite is a zone of movement; in faot a minor 

thrust plane, involving tremendous brecciation owing to 

special circumstances. This movement is no doubt a phase 

of post-Matsap deformations and major thrusts, and the 

breccia must therefore be a thrust or 11crush breocia11 

following Nortons classification. (23) 

In Missouri is found a parallel to this crush breo­

cia. Norton says, ( 23 .p .188.) nrhe sheet breccias of the 

Joplin district, Missouri; illustrate how terranes of 

brittle rook may be brecciated by lateral pressure without 

any further mass deformation than that exhibited in gentle 

w~i,ings. Heavy ledges of chert have been thoroughly and 

finely crushed in places, and cemented by a chemical deposit 

from ground water.rr In the Postmasburg chert or siliceous 

breccias the chemically deposited cement is manganese. This 

fact incidentally explains the comparative rarity cf. large 

blocks af pure ore in this rook' - - the ore is largely a ce­

ment! (See Plate III. Fig. 2.) 

That the thin discontinuous cakes of banded ironstone 

which yielded the Blinkklip breooia were in all probability 

detached outliers lying on an erosion plain af dolomite in 

pre-Matsap times, is suggested by the structure of the hill 

on IG.ipfontein; shown in section 2.K. and the right hand 

side of section l.K. Such outliers were covered by a 

blanket of Gamagara sediment (See evolutionary sections) and 

during the period of thrust faulting formed islandsof superior 

resistance to any ~liding movement. In oonseql::enoe 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 l.K. 
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On the evidence to hand then;· it seems fairly cer­

tain that the masses of banded ironstones, which were 

fragmented to form the Blinkklip brecoia, were in pre­

Matsap times erosion outliers of, and forming a fringe to, 

the lower Griquatown banded ironstones cf the eastern limb 

of the Maremane anticline. (See reconstruction of anticline.) 

It is therefore reasonable to assume that during the cycle 

of pre-Matsap er9sicn, 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 chun~s and pieces of chert. 

This loose material would fill the spaces between the re­

sidual pill~s of dolomite, similar to structures formed 

today. 

plan.) 

(Plate V. Fig. 1.) (See first stage of evolutionary 

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.l. must therefore have passed 

within a hundred or so feet above the crest cf the IG.ip-

£ontein range as s·een to-day. For this reason the rela-

tively thin sheets of banded ironstones and some of the over­

lying Gamagara 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 
with// •••••. 
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with the chert rubble and the lowermost poi-tions of the 

banded ironstone mass. (See second stage of the evolution-

B:PY 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-

lioeous breccias to-•day. Hence indeed the preference for 

t , ' " . 1 · b . u • 1 f II h t 1 • u ne term s1 1ceous recc1a 1n p_ace o c er oreco1a 

owing to the frequent presence of fragments of the Gama-

gar a beds. Indeed, by this process would result just 

such an admixture of siliceous breccia and Blinkklip brec­

oia along the contact of these rocks, as is actually seen, 

as well as a diminution of the brecciation 1n 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 oan be infeI1red from the low angle of the 

thJ?U st 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 

antic line// ••••• 

 
 
 



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

88. 

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. Further 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 

lense- and saddle-like gaps or reefs so formed in these 

well laminated rocks. It may be then that the orooidolite 

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 

grovrth 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 evidenoe 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 

oases it would seem to be measurable in yards. Under the 

postulated conditions; even suoh a relatively small move­

ment would cause immense brecoiation. 

It// •••••••• 
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It should be pointed out at this stage that a brecoia 

of the nature so produoea in the ohert zone, ~ell shot with 

dolomite gouge and breooia, is liable to be readily at~ 

tacked by ciroulating vraters at a time when erosion of the 

overlying rocks allows access of meteoric waters to this 

region. 1ioreover, the porosity of the mass would allow 

oxygen free aooess, both in the form cf air and oxygenated 

and carbonated surface waters. These waters, acting readi­

ly on the dolomite gouge and breocia as well as the shat­

tered dolomite £loo~, would dissolve its manganese content, 

oxidise it, and preoipitate it as a cement of manganese ore 

in the brecoia. 

Immediately east of Manganore siding a shallow quarry 

on a hillside exposed a surviving portion of the shattered 

dolomite floor belo~ the breooias. This dolomite was be­

ing actively dissolved by surface 11aters, with concomitant 

crystallisation of oaloite, and precipitation of veins, 

stringers and wghs of pyrolusite, some in beautiful den­

dritio fashion. .Apparently this process of solution and 

deposition of manganese has not yet ceased. 

Having come to the point Ythere extensive solution of 

the dolomitic portion of the breccias has taken place, we 

oome to the time when stage 3 of the plan of evolution comes 

into effect. Sub~surfaoe 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 breo­

oia hills, espeoially the well eroded ones on Ia.ipfontein 

and Kapstewel. (map K.) It should be pointed· out that 

the// ••••••.• 

 
 
 



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

90. 

the above scheme 8A'-pla.ins the brecciation as well as 

the slumping, j.nstead of calling in une:q,lained slum­

ping to eY.:plain the breociution. Stage 4 of the evo­

lutionary plan shows IQ.ipfontein hill as it is to-day. 

( c • f. Seo ti on 2. K. ) 

In conclusion, it should be noted that in my opinion 

the breccias could have been formed during three periods 

of geologioal time, namely: 

(a) During pre-Mataap times by sub-surface solution 

of the dolomite, resulting in sagging of the cherts and 

lowermost banded ironstones, with, possibly, some formation 

of 11gravity" breoeia. This is speculative, for no breo­

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 

la.te:r>al pressure and movement, forming masses of "crush 11 

breooia. The field evidence, as outlined above, is 

strongly in favour of at least the main mass of breooia­

tion having taken place in this period by tectonic agen­

oies. 

(o) P.re- and post~Karroo sub-surface solution of the 

dolomite, resulting in widespread slumping, ana probable 

formation of a new generation of 11gravityu breocia. (See 

ohapter V.) 

In truth then, it can be said that the extensive and 

remarkable Blinkklip and siliceous breccias of the Post­

ma.sburg area are genetically both ngravity" breccias and 

"crush II breccias, but the latter term is the more applicable 

sinoe// ••••• 
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sinee the most potent causative 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-Ca.rboniferous) Glaciation, ang 

its Value in Dating Slumping and the Time of Manganese 

Mineralisation. 

( A) Gener al. 

The relics of ancient ioe action in tho 

area 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-Ca.rboniferous glaciation which has left such widesprea4 

traces in the sub-continent, especially sinoe Rogers had, 

in 1906 (25) found the southern extension of these valleys 

were floored with Dwyka (Pe~mo-Ca.rboniferous) tillite, 

with shales and other remnants of the overlying Karroo 

beds. In his "Geology of South Afrioa. 11 du Toi t has sur• 

mised that the rounded forms of the Langeberg range is the 

result of glacial action, although no proof was available 

on the spot. 

In 1937 Dr. B. Wasserstein of the Geologioal 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 climate erosion forms. 

In the ~a.mo yea:r 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 Gamagara river. Early the following 

yeBI' these pavements were shown to Dr. S.H. Haughton, 
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the direotor of the Geological Survey, who pronounoed 

them to be of gla.oial origin. They are described and 

shown on plates in the Geologioal Survey explanation to 

Sheet 173, Oliphants Hoek, published in 1939. (34) 

During 1939 two more examples of similru:i pavements were 

discovered within the confines of the aooompanying 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 occurrenoes, with minor refe­

rences to others. 

(B) The Traoes ar Glaoiation. 

Plate VI. Fig. 1. shows a looal erratic 

of hard haematite lying in situ on a polished and pot­

holed glaoial floor of the same material. This floor 

is p~t of the original identified by Dr. Haughton as 

similar to sub-glacial floors in Switzerland. Some­

what ill-fo~med roohes moutonees at this locality in­

dioate that the ice masses moved from north to south. 

This is in agreement with the general movement of tho 

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 

a.luminous Ga.rnagara 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 

has utilised the smooth surfaoes of this shale to ohip 

out lively representations of wild animals, as well as 

peouliaza patterns and signs. 
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These must be very old, for this shale exhibits ex­

traordinary resistanoe to weathering, and the draw­

ings are in part crusted over with ooatings of psilo­

melane • 

.An indication that a..fter the stripping by erosion 

of the tillite in the intervening valleys, the valley 

bottoms have unde~gone little subsequent erosion, is 

provided by the presence of the haematite erratic fi• 

gured in Plate VI. Fig. 2. This erratic lies midw~ 

bebreen the Klipfontein hills and the Gamagara rand, 

and must have been cal'ried many miles aooording to the 

direction followed by the ice. The erratic is of puro 

hard haematite and lies on dolomite. The widespread 

oocurrenoe of these glacial floors, and the presenoe 

of such an erratio on the plain between the hills, sug­

gests that the topography of to-day is essentially the 
~ ·-
same as that existing at the end of the period of ioe 

erosion; before the valleys were filled and the hills 

buried by Karroo sediments. The cycle of post-Karroo 

erosion must be, therefore, relatively reoent. 

On Kapstewel, immedi a.tely north of Manganore siding; 

is a most instruotive remnant of a glacial floor pre­

served in the shaly ferruginous quartzite of the Gama­

gara seriea • ... Tl_lis ro·ek i~ .. almost as hard to weather 

as the aluminous shales, owing to the ... high .. shely content, 

thus accounting for its preservation from erosion. 

This floor has also been sheltered by the fact that it 

is plaoed in the slumped-in portion of the top of the hill. 

The floor is exposed on the eastern side of the 
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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 breooia. 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 

0£ ice from north-north-east to south-south-west, and 

the adjacent U-shaped valley running in a northerly di­

rection £rom 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 brecoia peaks, dotted about haphazardly along 

a wide aro, a.re 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 oocurred. This must have been in re­

latively recent times when the removal of the Karroo beds 

allowed surface waters to renew their solvent aotivity on 

the dolomite. 

Naturally such solvent activity could only ooour 

during periods when the dolomite was exposed to erosion. 

!\ 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. 

Theoretically// •••• 
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Theoretically, then, there could have been t~ee periods 

of slumping. These are., 

(a) During the pre-Matsap oyclo of erosion; supposedly 

in late pre-Cambrian times. 

(b) During the pre-Karroo cycle of erosion; in early 

Permian times. 

(o) During the post-Karroo oycle of ero~ion, which 

may have commenced as early as the Cretaceous, but cer­

tainly extenas into the present. 

We have definite evidence of slumping during this third 

pePiod, but in the nature of things, there is no evidence 

either way £or slumping in the other bvo periods. All 

that can be said is that it is quite likely that slumping 

did ooour during the first of the above periods, for the 

Gamagara rooks indicate a WB.?'m dry climate possibly simi• 

18l' to that existing to-day. That slumping occurred 

during the second period is doubtful; for it was cold and 

the land was ice-capped; conditions which may well have 

oheoked 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 ooourred. 

In addition to the remarkable evidence 0£ slumping 

afforded by the breccia hills; where large masses of 

breooia oappod by banded ironstones and Gamagara sedi­

ment have oleaz,ly subsided to depths exceeding 100 feet 

into the dolomite, (See sections l.K.; 2.K., and 3.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// •••••• 
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Laoe' s Goat on Doornfonte in 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 particularly well seen 

in the stretch 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

crop, the ore-body is seen to dip steeply dovmwards 

without regard to the bedding of the dolomite~· in which 

rook it fills large pot-hole like cavities. Such 

potholes reaoh depths of 40 to 50 feet in places; and it 

is found that the overlying Gamagara shales and even 
... . .. 

quartzites have sagged in in sympathy with the under­

lying manganised grits. 

As a rule; these potholes have very uneven sides and 

floors; irregular solution of the dolomite having left 

relios of this rook in the form of huge pinnaoles, pillars 

and round pyramidal masses, between which the manganese 

ore has been found wedged in the company of masses of wad 

and ohocolate 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 adjaoent to the dolomite; particularly in suoh 

deeply sunken areas. 

The detailed mapping (map G) has shown that the 

manganese ore expo sure a, partioularly on the f'arms Glouoe s­

ter, Lohathla and Bishop; aJ>e composed of a maze of' inter­

oonneoting/ / •••• 
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oonneoting o~ isolated lines of outcrop, This effect 

is proauoed by the whole so.le slumping of a gently dip• 

ping sheet of manganese ore of variable thiokness, and 

overlain by Gamaga.ra beds. The result is that the 

antiolinal areas are shovm by outorops of the underly­

ing dolomite, while the deeper synolina.l areas a.re 

indioated by sagged-in masses of Gamagara shales and 

quartzite. 

The manganese o~e bodies in these series of de­

pressions are subject to great variations in thickness 

and quality from plaoe to plaoe; and within short dis­

tances a variation is shown to a slightly lesser degree 

by the overlying zone of haematite ore and ferruginous 

shales and gr-its, 

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 tendenoy 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 no·rth. 

From this faot; it can be inferred that weak o~ 

shattered zones in the dolomite resulting from the 

post-Matsap earth movements, have been utilised by the 

solvent waters, oausing this rough alignment of the 

slumped-in areas, the long axes of which are at right 

angles to the direotion in whioh the teotonio foroes acted. 

It may therefore be suggested that the date of this 

slumping aiso falls within the third period given above; 

because it must be post-Ma.tsap, and owing to the oapping 
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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 is praotioally non-existent. Sliokensiding 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 dovm. Small areas of local breociation, 

whioh may be the result of slumping, have been observed. 

In the eastern belt, i.e. on Map K., it is olear that the 

slumping has resulted in the jumbling together of large 

masses of unoementeq~esidual soil, ohert ana banded iron­

stone fragments togethe~ with oobble-like accumulations 

of manganese ore. The ha.rd oonsolidated masses of sili• 

oeous and Blinkklip breooias have bodily sagged into the 

oavities; and show signs of cracking;· distortion and re­

newed breociation on a small soale. 

Throughout the fields, I have found no convincing 

evidence to assign the formation of the masses of sili­

oeous and Blinkklip breooias to the post-Karroo period 

of slumping, still less to any other period of slumping. 

The breocias were clearly in existence before the post­

Karroo period of slumping, while the extent of breo­

oiation due to the postulated pre-Matsap period of slum-

ping is impossible of estimation. In my opinion such 

breociation,; if any,- must have been slight, judging by 

the weak brecciating effect of the widespread post-Karroo 

slumping on both the western and eastern belts. 

Nevertheless, it remains to be ~ointed out that 
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the slumping has been on a grand soale, areas up to 

half a mile square having been af'feoted, and the dolo­

mite removea to depths exceeding 100 feet beneath the 

hard siliceous rooks. The grandest example is IG.ip­

fontein IG.oof, at the back of the homestead. Assuming 

that the Gamaga.ra 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 distanoe of more 

than 200 feet; that is assuming that no subsidence a­

round the rim itself has occurred. In the likely 

event a: 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 

inconsiderable manganese content of the rock removed. 

Nel (21) has calculated that 53.6 tons of dolomite 

would be required to furnish one ton of ore, since many 

analyses of dolomite from the region give a mean of 

1.2% of Mn0 oontent. These facts throw some light on 

the problem of the source of the manganese composing 

the ore; and its mode and time of aooumulation. These 

questions are discussed in Chapter VJ.. A.8. below. 
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CHAPTER VI. 

The Ores. 

(.A) The Manganese Ores. 

( 1) General. 

The manganese ores can readily be sub­

divided into two main types, both according to their 

appearance, texture and natu~e of impurities, and their 

distribution and gangue rook. 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 G. The northern 

end lies to the north of the fa.rm Bishop. (See map, 34,) 

On Beeshoek the two types are mixed in a bewildering fas­

hion; but are everywhere demarcated broadly on the maps, 

the former by blaok colouring, and the latter by black dot 

shading. Nel (21) in 1928, expressed essentially the 

same subdivision in his "more continuous manganese 11 and 

"less continuous manganese" respectively. 

Both types of ore have outstanding physical 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// ••••••• 
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They carry well, produoing a negligible quantity of 

fines as waste. Their massive non-porous nature 

also results in great eoonomy of spaoe. Trucks loaded 

to the limit of their weight oarrying oapaoity have, 

apparently; 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 

looally. In general the ferruginous type is the more 

ooarsely crystalline, while the siliceous type is more 

finely crystalline; grading to massive; and exhibiting 

greater variations in texture. 

It should be noted that tests f'or lead;· arsenic, 

chromium; magnesium; titanium and oopper were negative, 

or revealed mere traces, while nickel and cobalt oould 

not be identified. (21. p.79.) 

(2) The Ferruginous Type. 

Originally designated by Nel (21) as rrmore 

continuous manganese u on his map, this type of ore is 

found to follow the base of the Gamagara series as if it 

were an interbedded sedimentary deposit. In fa.ct 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

oally. In oontrast, large lens-like outorops are en­

countered, presenting a nodular and botryoidal exterior. 

(See Plate IV. Fig. 3.) Suoh outcrops oan yield quarry 

faoe s of ore exoeeding 30 feet in height. 

In the quarries, ore is seen to extend into and fill 

cavities in the dolomite along the footwall; while on//. 
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on the hanging wall;·· it is occasionally seen to tztans­

gress obliquely aoross the bedding of the overlying 

sediments, into which it often sends irregular fingers; 

or into whioh it grades with no definite junction be­

tween ore and rook. Its mode of ooourrenoe-presents 

many features indicating an origin by a process of me­

tasomatic replacement. 

There is; then, little doubt that this type of ore 

has been formed for the greater part by impregnation 

and replacement 0£ the substance of the basal oonglome~ 

~ates, grits and shales along the base of the Gamagara 

series, and to a lesser extent, by aooumulation in the 

ferruginous residual soil of; and oavities in, the under­

lying dolomite. (See sections, G. series.) 

In consequenoe this type of ore is characterised 

by a generally high iron content in the fo~m of haema­

tite. This is present as duller streaks and knots of 

oompaot haematite, and in molecular combination with 

the constituent manganese minerals. On this latter 

aooount handoobbing 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 oon­

taining about 5% Fe. usually oontains about 50% Mn, but 

oomposes on the average, rather a small pa.rt of the whole. 

The lower grade varieties with a high Fe. content in­

orease rapidly in quantity, espeoially in the higher 

portions of the ore bodies approaching the ferruginous 

zone. It must be remembered though that this is a 

general tendenoy. The ore bodies are always very 

• irregular// ••••• 
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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

ti.veen the grades 12% Fe. and 44% Mn. and 25% Fe. and 

25% Mn. available in tens of millions of tons. By 

contrast the ore of a grade of less than 10% Fe. and 

more than 45% :Mn. is available in a few millions of tons, 

and has to be sep8.l'ated by oal'eful hand sorting. The 

ore as a whole then may- be classed as low grade. There 

is a distinct tendenoy for the Fe. ':Mn. content in the 

ore to total 50% to 60%, sinoe these metals are present 

in oomplementa.r1 amounts. 

It is significant that the highest grade ore is as 

a rule represented by the more or less bouldery masses; 

formedi as it seems, by aocumulation 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. 

1lVhere this process of repla.oement has been oomplete ,­

the form and nature of the original rook 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 oompletion of this process 

have ooourred; and where it has been so partial as to 

preserve the pebbles, grits, or shaly banding of the 

original ~ook; the ore becomes low grade and is more often 

than not; a highly fer:ruginous manganese ~ e. 

During quarrying it is usually easy to distinguish 

good ore from bad or highly ferruginous ore by means of 

the// ••••.••• 

 
 
 



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

the following oriteria; 

Good Ore. Fer:ruginoys Ore. 

Generally a bright lustre. Generally a dull lustre. 

Yields a black o~ dark ohooo• Yields a light ohooolate 
late powder. or reddish powder. 

Generally homogeneous and 
crystalline. 

Usually brittle under the 
hammer. 

Generally streaky; patchy, 
or dull and oompaot. 

Usually tough under the 
hammer. 

In addition to haematite as an impurity; the 

ferruginous type of ore oharacteristioally contains 

blades, v,ughs and streaks of rose-red diaspore crystals. 

This mineral is not of muoh consequence as an impurity. 

In faot patches of manganese ore oontaining diaspora; 

as a rule exhibit a great degz,ee 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 ooouring 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 o~e; seldom as visible barytes. 

The following are representative analyses and assays 

of sorted dumps of this type of ore; 

Table 4, 

Locality. 

Beeshoek 

Average of. Metrlio Mn. Metallic Fe. Total. · % ·-· . % 
13 samples. 55.2 4,81 60;01 

Doornfontein 7 samples 

Paling 3 samples 

Gloucester 17 samples 

53,8 

51.8 

54.2 

5.22 

6.85 

6.72 

59.02 

58.65 

60.92 

These assays indioate the nature of the high grade 

ferruginous type of ore as mined for export. The assays 

8J!e// ••• , •• 

 
 
 



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

106.-

are taken from 21. pp.73-77. 

Mn02 

MnO 

Fe2o3 

Al20S 

BaD 

Si02 
s 

P205 

~()4 
- . 

~O .. ( CO2) 

Total 

l. 
% 

49.20 

30.47 

5.88 

--
1.78 

--
0.45 

n.d. 

s.o 

100.06 

Metallic Mn. 54.69 

:M.etallio Fe. 6.49 

Table 5. 

2. 
% 

22.45 

9.9 

55.85 

5.8 

1.75 

0.15 

2.0 

0.60 

3. 
%· 

42.7 

6.5 

38.7 

1.25 

6.28 

l.4 

0.15 

0.10 

0.95 

0.40 

4. 
% 

51.2 

9.55 

21.45 

6.45 

2.05 

1.1 

0.09 

0.1s 

2.85 

0.90 

5. 
%· 

42.9 

82.35 

6.1 

5.'15 

2~85-

4.65 

0.19 

0.10 

2.65 

0.40 

99.54 98.82 95.79 98.04 

21.85 32.02 39.75 52.16 

39.06 27.07 15.00 4.27 

:Metallic Mn Fe.61.18 60.91 59.09 54.75 56.43 

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

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

5. Sample of high grade crystalline ferruginous type of 
ore containing diaspore orystals. 

These analyses are taken from Nel, 21. pp.73-77. They 

illustrate rather well the tendency for the manganese and 

iron oontent to be present in complementary amounts. 

The following new analyses have been oarried out 

on samples collected by me; 

Table 6.// ••..•• 

 
 
 



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

107 ... 

Table 6. 

1. 2. 8. 
% % % 

Mn02 49.10 34.29 53.21 

MtO 27.'72 22.68 84.61 

Fe2o·
3 7.03 21.72 5~75 

Al20"3 7.31 12.58 2.38 

Si02 S.8'7 5.58 1.12 

~o .. 1.40 1.14 0.79 
... ·- - .... -

Total 96.43 97:W- 97.81 

.Anal7st: C.J. Liebenberg;· 0£ the Division of Chemi­

cal Services, .Pretoria. 

In the light of the eight analyses given in tables 

5 and. 6 ~bo!e_~_ the aver~e s102; Al2')8;· and Fe2f)8 cont~nts 

are 2.4%; 5.86%, and 20.64% respectively. They repre­

sent fa.iP average samples of sorted dumps 0£ the ferru­

ginous type of ore. The proportions 0£ the ma.in impuri-_ 

ties; i.e. silica; alumina and haematite; a.Fe as 1:2.2 :7~9 - ___ ...,_ -···.,,,, . - ·-

reU:piotively. The marked preponderance 0£ haematite as 

an impurity justifies the appellation "ferruginous type" 

to this ore. 

{3) The 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 seo­

tions l.K.; 2.K., 3.K. 9.G., a.na 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 

away// •••••• 
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away from this rook. Plate III, Fig. 2 shows the 

manner in which thi~ replacement has ooourred. Ever 

widening veins of manganese oxides fill the cracks and 

interstioes of the breooia, passing through a stage in 

whioh remnants of oherty material remain embedded in the 

ore, to solid ore. 

The ore containing numerous remnants of oherty ma• 

terial pvesents a striking appearanoe, the white patches 

of ohert oontrasting strongly with the blaok matrix of 

ore. In the outorop this rook has been named by the 

miners and prospeotors "markel' 11 rook, and sometimes 

"sausage ore. 11 The latter term is more often applied 

to the similar looking ore from Beeshoek containing 

white blebby oonoretions of hyalite and chalcedony. 

Apart from rell1llants of chert, this silioeous ore con­

tains vughs and botryoidal growths of quartz, ohaloedony 

and beautiful olear aooumulationa of hyalite. These no 

doubt represent portion of the silica removed in solu­

tion from the siliceous breooia ana shaly gouge, and pre­

oipitated in shrinkage cavities resulting from the ohe­

mioal alterations. 

In the somewhat rare localities where the siliceous 

brecoia is absent and the overlying Blinkklip breooia 

oornea 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 

aooumulation in the masses of ferruginous soil and chert 

rubble resulting from the solution of the dolomite. 

This// •.•...• 
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This ore is as a rule of a high standard of purity and 

resembles in every respect the ore produoed under the 

same circumstances on the western belt. 

As a result of the mode of formation of this sili­

oeous 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 sporadically; and generally near the dolomite floor. 

Suoh bodies grade and finger into the brecciated sili­

ceous host rook 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 silioa rich areas are so easily visible 

on the black background of ore; it is possible to greatly 

improve ~he grade of ore by handoobbing, However, as 

a result of the widespread distribution of the silioa 

inclusions a stage is rapidly reached where the cost 

of handoobbing.beoomes prohibitive, and thus vast quan­

tities of manganese ore are discarded as worthless. 

QuaJ?ries 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 oompared to 

the 95% to 90% of rock and waste removed. Ore from the 

siliceous breccias attains, on the other hand, a con­

siderably higher grade than that from the western belt, 

and in favourable looalities mining operations have been 

handsomely repaid. Such is especially the case where 

"b "// onanzas •••••• 

 
 
 



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

11bonanzasn or large bodies of pure ore are encountered. 

These bodies are usually pear shaped in general outline, 

being b~oad near the surface and tapering in depth. 

On one suoh large body up to ao;ooo or more tons of 50% 

Mn. ore; or even more; oan be found. Recently a large 

body of such high grade ore was discovered under unpro­

mising ooveP in the siliceous breocias, which were ad­

mixed with contorted Gamagara shale, on the farm 

Pensfontein. 

In further oontrast to the ferruginous type of ore, 

the manganese ore bodies in the silioeous breocia do 

not readily betray their presenoe. They may be found 

Mywhere 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 prediliotion for 

brecoia intermixed with Gamagara shales, and a tendency 

to be found in olose proximity to the dolomite. The 

latter rule is perhaps of more widespread. applicability. 

Local miners lay great store by what they call limarker"; 

whioh is an outorop of manganiferous breccia. This 

rook often inclioates the presence of bodies of pure ore. 

The probable role played by the Gamagara shales in 

the breooias 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 rooks. The ferruginous ores originate in a bedded 

sedimentary deposit, which has the continuity of a bedded 

rook; and is restricted to a narrower zone than the 

breccias// •••••• 
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breccias, which u.-e remarkable for their heterogeneous 

composition and variability of thickness. 

The following representative analyses of the si­

liceous typ8 of o~e ape given by Nel; (21.pp. 7~77.) 

Table 7, 

1. 
% 

3. 
% 

4. 
% 

?0,30 73.15 54.35 n.d. 
done as 

Mn02 

MnO 7.30 18.50 35.25 n.d. Mn. 

Fe20g 

Al203 

BaO 

SiO2 
s 

P205 

~o 
}120-

Total 

2.4 

o.so 
16.19 

0.30 

o.os 
0.10 

2.10 

0.25 

0,65 

0.1s 

a.aa 
s.oo 
0.15 

0~15 

1.so 
0.70 

0.50 4.51 

nil 0.50 

0.85 n.d. 

6.60 8.56 

0.04 tr. 

0.10 0.02 

o.ao n.d. 

0.35 n.d. 

99.59 98.83 98.34 

Metallio Mn. 50.08 56.68 61.64 55.40 

Metallic Fe. l.68 O.46 O.35 3.14 

Metallic Mn,+Fe. 51.76 57.14 61.99 58.54 

In the above an~yses ~he average SiO2; .AJ.2o3, and 

Fe208 contents are 5.11%, 0.31% and 2.01% re_~peotive_~!• 

They illustrate the type composition of the silioeous 

ores. The proportions of the main impurities, silica, 

alumina, and haematite, a.re as 1: 0.06: 0.4 respectively. 
. . 

This is a strong contrast to the proportions l: 2~2: 7.9 

respeotively// •••• 
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respectively, in the case of the ferruginous type of oFe. 

A maPked feature of the siliceous type of ore is the 

presenoe of barytes, sometimes in oonsiderable quanti­

ties, as in analysis l. above, Iron is always present 

as haematite, but in markedly smaller amounts than in 

the ferruginous type. The main impurity now is silioa, 

while diaspore; is conspiouous b7 its absence, and alumina 
J 

is present only sparingly. 

( 4) Detr~tal 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, filling the ciavities and furr~w•ltke depres• 

sions of the Ka.rst surfa~e, whioh presented an admirable 

structure to prevent the rapid dispersion of the frag­

ments which break loose from the outorops. 

Some aoownulations are extensive. For instanoe on 

southern Lohathla a. great aooumulation occurs in a longi­

tudinal valley between tvro eminences capped by ore out­

crops. Trenching revealed bouldery ore to a depth 

exoeeding 10 feet, and approximately 90% of the rook 
-

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 fashion. However, in the western belt this ore 

is usually of a medioore grade. At the large oocurrenoe 

on Lohathla assays returned a fairly constant value of 

38% to 40% Mn. and 18% to 20% Fe. 

It is remarkable that on weathering,· the haematite 

appears to be much more resistant than the manganese, 

with// ••••• 
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with the result 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 deposit. The high grade may be due to 

the faot that at this locality the weathering of sili­

oeous brecoia 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 silioeous 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. 

Sinoe 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 Sohneiderh8hn·(30),· who recognises the following 

minerals: psilomelane, pyrolusi te, poliani te ;· si tapa­

rite, braunite and manganite. 

Concerning the relationship of sitaparite to braunite 

and// ••••••• 
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and haem~tite, he finds that in the Postmasburg o~es 

s1taparite is younger than braunite, and growB iclio-­

blastioally therein; the haematito inoluded in the 

braunite largely disappearing in the prooess. 

Jttdging by field specimens; tho commonest man­

ganese mineral is b:rauni te, for ever and again frao­

tured speolmens o! the crystalline ore, especially the 

ooarsor types which are often vuggy, exhibit pseudo­

cubic orystals, which occasionally are seen to be tetra­

gonal. Psilomelane is also commonly encountered, com­

posing the major part of the massive non-crystalline ore, 
J 

This sometimes exhibits a concentric banding o:r a bo­

t~yoidal exterior. Apoculiar typo 0£ wggy psilome­

lane is pitted with ,~rad filled cavities, 

Manganito and sitaparite appear to be relatively 

s~aroe, although the: invariable presenoe of iron even in 

the purest looking d.re may be present in intergrown 

sitapari~e. Pyrolu,site and polianite are occasionally 

enoounte~ed as radial encrustations or masses, or as 

cavity fillings. Radial masses of these orystals up to 

5 inches in length have boon found. A fine speoimen is 

in the possession of.Mr. R. Brownrigg, chief chemist to 

the Associated Manganese Co. 

On Kapstewel be~utiful masses of radial polianite­

pyrolusite crystals several pounds in weight have been 

found. On the northern part of map K. near the Klip­

fontein-Kapstewel boundary the writer found an area of 

siliceous breocia im~regnated almost exolusively by 

sil~ry masses of poiianite-pyrolusite crystals. 

(6)//// •••••••• 
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(6) Tho Origin, and ~~de and Time of Deposition o~ 

tho MaJiganese Ores. 

The fact that the manganese ore is every·where 

so closely aasooiated with the dolomite, coupled with 

the fact that this rook 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 zino oxides ranges beti.iveen 0.42% and 2.0% 

In five analyses in a more recent paper (41) Young found 

that the manganese oxide oontent ranges betvveen 0.5% and 

2.1%. In 1927 Nel (21. p. 89.) found that the average 

manganese oontent of the dolomite from Doornfontein to 

Gloucester was 1.45%, expressed as metallic manganese. 

Henoe we have as a souroe of the manganese a vast bulk 

of manganiferous rock whioh has undergone extensive sur­

face and sub-aerial denudation during at least three 

periods of geologioal time. 

Apart from its proximity to the dolomite, the ore is 

found to ooour in two relatively porous zones of rook, 

whioh no doubt afforded a suitable venue for the oxidation 

and preoipitation of the manganiferous solutions. These 

zones are; 

(1) The ferruginous gr-its, conglomerates and shales 

at the base of the Ge.magara series; permeable in them­

selves and unoonformably overlying the dolomite. 

(2) The siliceous breooias lying beneath the masses 

of Blinkklip breocia and banded ironstone, and forming an 

uneven oontaot with the dolomite, which was itself 
probably// ••••• 
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probabq much shattered. Manganisation of this rock 

resulted in tho siliceous barytee-~ioh Va.Itiety of ore. 

Two additional .factors which mcy have greatly 

a1dod the deposition and accumulation of the ore are 

the following~-

Fir stly; the presence of suoh active mineralisers 

~s chlorine 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 ~hales are intermiJ:ed with the sili­

oeous breccia, the largest and riohest bodies of man• 

ganese ore have been found. 

Secondly, the fact that the local drainage along 

the Gamagara. rand runs a.cross the bedding of the rooks 

from east to weat, (See map G.) The waters oarried 

by these drainages travel across a wide stretch of dolo• 

mite, and must be highly oharged with manganese. In 

proof of this is the fact that on the oalcareous tufa 

in such drainagea, botryoidal encrustations of psilome• 

lane have been found. On reaching the Gamaga.ra rand; 

they have to pass over the upturned edges of the Gama­

gat'a rooks, ,,hich dip westward and are thus ideally 

placed to catch and absorb the manganiferous waters. 

FoP thi~ reason it is not necessary to postulate 

that all the manganese ore along the GamagBl'a rand 

resulted °b1 aooumulation of the manganese residue of 

the dolomite removed by sub•surfaoe solution in situ. 

However, judging by the amount of sub•surfe.oe solution 

whic_h has actually taken place, (Plate V. Fig. l) much 

ore// •••.• 
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oro must hBve oPiginated in this manner. It seems, 

though, that the main contribution oame from the vast mas­

sea of dolomite weathered away !rom the adjnoent plain. 

The breccia hills, rrhich a.re mostly situated at 

a high level along the local watershed, (map K.) oould 

have had little suoh extraneous contribution. However, 

the brecoiation of lar,ge masses of dolomite underlying 

the silioeous breocias must have readily released suf­

ficient mangane8e to form the aooumulations observed. 

Local migrations no doubt caused local concentrations 

of ore. 

The ohemistey of the process seems to be quite simple 

too. The manganese in the dolomite appears to be in the 

fo~m of carbonate, (the mineral rhodoohrosite) which is 

readily soluble in carbonated waters. Rain water is 

carbonated to a small extant by its passage through the 

air; and additionally so on making oontaot with the 

carbonate rich dolomite. The manganese carbonate in 

suoh solutions takes part in a reversible hydrolising 

reaction, while the hydroxide so formed is readily oxidised 

in oontaot with the air, espeoially when it permeates 

a porous medium and exposos a large sur£aoe of thin films 

of solution to the air. Under these conditions the 

reversible reaction moves continually forward, precipi• 

tating manganese, for on oxidation the manganese becomes 

relatively insoluble and precipitates out. 

With ~egard to the physioo•ohemioal reaotions, the 

following observations are of great interest: 

Tillmans (29) in 1914 dete.rmined the following 

reactions for iron and manganese bicarbonates -

(1)// •••••• 
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• 

(l) 2Fe (HC03)2+ O+ ¾O ...-. 2Fe(OH) 3+ 4C02• 
' ' 

(2) Mn(HCo'3)2+ 2H20 .. -,.. Mn(OH)2+ 2112co3• 
Under oxidising conditions the Mn(OH) 2 reo.d.ily loses 

water and relatively insoluble manganese o:ddes preci­

pitate. Savage (29) found e,rperimentally that, 

(1) Manganese ,in primary distribution in rocks is 

taken into solution chiefly by the action of 

oal'bonated waters. 

{2) Carbonated waters will take manganoso carbonate 

and manga.nous oxides into solution~ but the highor 

oxides of manganese are soluble only to a very 

slight degree. 

De Witt (11) found that pookety occurrences of 

manganese 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 

series of physioo-ohemioal reaotions resulted in tho 

formation 0£ the ore, aided no doubt by the precipita­

tive aotion of pyrolusite (42) and possibly the unknown 

aotion of the mineralisers chlorine and fluorine. These 

are the probable reactions: 

(1) H20 (rain)+ CO2, -)4M•~M .... }12C08• 

(2) 2MnC08 (rhodochro site) + 2H2Cb8 • .,.~.; .• 2MN( HC03) 2• ( so-
( in dolomite) luble) 

(3) Mn(HC03)2+ fil½O .... ~(OH)2+ 2112co3. 
(4) 2¾C03 ::: 2C02 (dissipates)+ 21180• (evaporate a). 

(5) 2Mn (OH) 2+ o2 ;;-:.2Mno2 (precipitates)+ 21180, (eva-
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. However, 

in praotioe the reaotions a.re no doubt complicated by 

the presence of other radicles, during whioh a series 

of manganese oxides could precipitate out, oombining 

with more or less of iron, silica, barium, etc. to 

form the oomplex 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 Gamage.Fa rooks. Probably concomitant 

with the precipitation of the manganese, the solutions 

dissolved corresponding amounts of these materials, tho 

manganese thus gradually replacing them. Another fac­

tor which mey have acted strongly as a preoipitative 

agent, is the effeot of pyrolusite on manganiferous waters, 

as observed by Zappfe {42) at Brainerd in Minnesota. 

The pyrolusite tends to precipitate out manganese even 

in very dilute solutions. Hence, when onoe manganese 

oxides, especially 1In02; or pyrolusite, have collected 

in a favourable zone, the p~ecipitating effeot is oumu­

lative. 

As regards the time of the formation of the man­

ganese, we oan in the first plaoe say that it is definite­

ly post-Matsap, sinoe the Gamagara; (Matsap) sediments 

are replaced, as well as the breooias, which have them­

selves been shown to be post-Matsap. In this connec­

tion it should be repeated that not a single fragment 

of detrital manganese ore or siliceous brecoia has been 

found in the Ga.maga.ra conglomerates, indicating that 

these// •••••• 
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these rooks were non-existent in pre-Matsap times. 

Considering that the process of o,ddation must 

occur during a period of denudation, we have to con­

sider the two post-Matsap periods of denudation, namely 

the pre- and post-Ka.:rroo 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 aotive i hence -rre have 

to conclude that it is mo st likely that most; if not 

a11,-· 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 

area, and even the preservation of local glaciated 

pavements, indicates that the la.st covering of rocks 

was but recently removed. The above evidenoe, therefore; 

indicates that the Postmasbwg manganese ores may have 

been formed as late as the 8retaoeous, o~ rather that 

their accumulation oommenced as late as the Cretaceous; 

and that this process of aooumulation is still pro­

ceeding. 

An argument, indeed the ohief ~gument, 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 metamorphism. Personally, I would rather 

believe the Geologioal field evidence, and would not 

lay muoh store by armohair theorising on scanty mi-

croscope evidence. I have seen every corner of the fields, 

and every quarry, while Kaisers acquaintance was re-

str ic tea// •••• 
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striated, I believe,to a hurPied series of views from 

a motoroar window. 

With regard to the oryatallinity 0£ the ere, it 

is interesting to observe that in the Krugersdorp dis­

trict of the Transvaal, post-Pleistooene manganese ao­

ownulations are every whit as crystalline as the Post­

masburg ores. (Recent investigations by the vr.riter.) 

In addition; the possible crystallising effect of the 

mineralisers ohlorine and fluorine in the Postmasburg 

area must be considered. 

(7) &>ugh Estimates of the Ore Reserve_~. 

(a) Method of Estimation. 

O\~ing to the extremely irregular and sporadic nature 

of the bodies a! manganese ore throughout the fields, 

aoourate estimations of tonnages are impossible. 

However; the painstaking survey and olose study 

of the greater part of the manganese fields has made it 

possible to obtain figw-es whioh will convey a credible 

impression of the extent of the manganese resources. 

The figures moreover, oonvey a relatively olear impres• 

sion of the comparative values of the properties listod. 

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 inoh; or 1/14875. 

These maps, together with the personal knowledge of the 

properties oonoerned 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 eaoh locality the actual area oovered by 

the// •••••• 
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the ore has been gauged by superimposing an accurately 

drawn grid of very small squares over the map on a tre.oing 

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 pu~poses 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 cubio 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 experienoe 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 maile, 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 mapping the plane table was set up 

every 100 to 200 yards to determine the exaot positions 

of the boundaries. In complicated sections, even 

closer set-ups were made. Secondly, in counting 

!quares errors may have crept in, but recounts over certain 

areas~ yielded substantial agreement. Thirdly; the 

greatest 
inaccuracies// •••••• 
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inaoouracies could have been made by the necessarily 

arbitrary thicknesses ohosen; but therae is ·no alter­

native. The thicknesses ohosen were moderate, and 

must ~epresent a low average, 

No allowance was mad.a for datrital ore, of which 

there are considerable quantities; nor of probable o~e 

extending locally beneath the shales and quartzites. 

Only exposed ore was taken account of. 

On the eastern belt and the southern extremity of 

the vrnstern belt; vthere the ore ocours in a silioeous 

breocia, the exposed extent of this siliceous breocia 

was aetermined 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 po~tion is oonvnon• 

ly 40 to 60 feet, and the entire breooia 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 mediocre quarries on this type of rock; the 

yield of saleable ore to rook 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 

silioeous breooia is ta.ken as saleable ore. Further; 

owing to the difficult nature of the mining in this 

rock; 25% of the saleable ore so calculated is taken 

as readily accessible. 

No account was taken of detrital ore, of which 

there is a considerable quantity soattered along the 

lower slopes of the hills on Kapstewel. 

On//••••• 
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On the western belt the ore is practically all 

readily accessible except on southern Doornfontoin 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 faot that the narrow margin 0£ 

profit makes saleable ore; which is not readily acoesible 

because of overburden; its soattered nature, depth in 

quarries etc.; an uneoonomio proposition. 

It must not be thought that the listed tonnages cover 

all the ore present, !o~ the oertain local extension of 

the ore bodies beneath sha.les 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 soale maps; which no doubt hold a 

considerable tonnage of ore. 

(b) The Estimates. 

Table 8, 

Tonnage Estimates. 

Tons of Man anese Rook • 
F • ferruginous type 
S = siliceous type.) 

BISHOP. 

northern hill.... • • • 1 ;400 ,ooo 
east-central hill •• 1,875;000 
near quartzites •••• ·210;000 
north of beacon •••• 1;100;000 

Total ••••••• 

Saleable ore. Saleable 
.Approx. gra- and Read.i­
des one to It acoess-
four. i le Ore. 

·700;000 
1 ··600·-000 , , 

100·~000 
900;000 

3,200;000 

700;000 
soo;ooo 
100;000 
900-000 , 

1;soo;ooo F, 

IDROKW.A/ ••••••• 
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MOROID:VA. 

• • • • • • • • • • • 250/J00 200;000 200;000 F/ 

I.OHATHLA. 

m 
n~rth-eastern oorner •• 1;200,000 700;000 700--000 

"Oo'-hill to the south, •••• 900;000 400,-000 '~1 J 000 
north of ~oort........ 90;000 30,000 30,000 
eastern ridge, south 

Lohathla, •••••• 2,450,000 1,500;000 1 ··500 000 
(e) western ridge, south -

, , 
Lohathla. • • • • • • 950 .,·ooo 400;000 400;000 

Total ••••••••• 3-030-000 , , 3;030,000 F. 

LOIDTENG. 

m 
north-eastern corner •• 750;000 sso;ooo 550;000 
along Lohathla fence •• 730;~000 100;000 100,000 
north of road .•••••.••• 2ao;ooo 30;000 30·000 , 
south of road ••••••••• 130,000 so;ooo 50-000 

' 
Total 730;000 730;000 F. 

GI.DUCESTER. 

~a~hill oa;ppings ••• 40;000 20-000 20,000 
b north of loading 

1 

·- pl ant ••• , • • 4, 000, 000 2,800,000 2,800,000 
(o) south of loading plant · · -

to southern bounda.ry.1;360;000 soo;ooo soo;ooo 
-----:.-.~·-·-···'~•· 

Total ••••••••••• s,4ro;ooo 3 -420 ·ooo E , , 

JAPIBS RUST. 

760;000 400-000 , 400;000 F. 

MARTHAS POORT. 

eso;ooo 4so;ooo 450;000 F. 

DR! EHOEKSP .AN. 

900;000 soo,~ooo soo;ooo F. 

PALING// ••••••• 
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PALING. 

1 --300 --000 , , 
1,400;000 

900-000 
950:000 

900;·ooo 
950 -ooo , 

Total •..••• 1,aso,000 1;aso;ooo F. 

DOORNFONTEIN. 

( a) north of Lace's Go at · 570 ;000 250 ;-ooo 
( b) south of Lace's Go at 31100 ;000 lJX)O ,000 
(c)southern part of farm 28;500;000 lfD(),000 

250,000F. 
soo;ooo F. 
500;000 s. 

Total ..••. 2;6so,-ooo 1,200,000 

BEES HOEK. 

(a)ferruginous type 
(b)siliceous type 

11;·400,ooo 4,000,000 1;soo;ooo 1. 
16,800;000 840,000 210;000 s. 

DOORNPUT. 

8,900;000 440,000 110,000 s. 

KAPSTEWEL. 

( a) south-eastern corner 4;900;000 240,000 
(b)east and south of 

sidin~••···•· 6,200;000 260,000 
(c)north of siding 24,800,000 ],240,000 

Tot al •••••.• 

KLIPFONTEIN. 

(a)hill in south-western 
corner •••••• 8,400,000 

(b)low hill with large 
boulder •••..•. 6,200,000 

1;740,000 

420,000 

310,-000 
(c)large hill behind the · 

homestead ••.•....• 43,000,000 2,150,000 

100,000 

so-ooo 
sso:ooo 

sso;-ooo s. 

110 .,-000 

80,000 

500,000 

Total ••..•• 2,880,000 690;000 s. 

RESUME. 

T .o~nnage/ / ••.•• 
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Tonnage of saleable and aooessible 
ore of ferruginous tYI?e on the west­
ern belt from Bishop 1n the north 
to Beeshoek in the south ••••••••.•.••• 14,100,--000 F. 

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

Total...... 14,810;000 F.and S. 

Tonnage of saleable and aooessible 
ore of the siliceous tn>e Doornput, 
Kapstewel and Klipfonte1n.......... 1;330;000 S. 

Total for area covered by large scale 
maps. . • . . • . • • . . . . • . • . • . . . . . . . • . • • • . • • 16 ;140 ,000 F. and S. 

Total reserve of saleable ore probably - -
available in the same a.rea, •••••...... 26,430,000 F.and S. 

(B) The Iron Ores. 

( 1) General. 

iron ores oan 

As in the case of the manganese oros, the 

conveniently be divided into two groups. 

oalled, in accordance with the nature of their ·parent 

rocks, the "Blinkklip 11 type and the nconglomeratic" type. 

The former has been formed directly by ferruginin~tion 

of the banded ironstones of the lower Griquatown series 

in the zones where these rooks 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 oan be 

subdivided into a conglomeratic variety and a shaly 

variety. 

Because the ferruginous basal beds of the Gamagara 

series//• •••• 
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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 sou.roe of the 

iron composing the iron ores of the region. 

( 2) The 11Blinkklip II Type, 

In the areas under considera­

tion, this type of ore is sparsely represented. Scatter­

ed and isolated patches oocur in the IQipfontein hills, 

(map K.) where the largest bodies are seen to outcrop on 

the western rims of the synclinal masses of Blinkklip 

breooia (grading into banded ironstone upwards, or unoon• 

formably overlain by Gamagara beds), capping the hills to 

the east and north of Ma.nga.nore 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 ohert bands have been 

completely replaced by haematite. 

A fine outcrop to study when considering the relations 

between this older uBlinkklip li ore, and the younger 11con­

glomeratic u 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 Beesho ek vil­

lage, immediately opposite the explosives magazine. 

(See map G.) 

It should be noted in this connection that Wagners 

interpretation of the struoture anl origin of the rich 

haematite ores on IG.ipfontein, is erroneous. (36.pp.184-

186. and Fig. 29.) He regarded them as lens-like oonoen­

trations dipping steeply westwards, in the banded ironstones. 

It//••••• 
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It must be mentioned that he gained this impression 

after studying the Crooodile 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 outcrops depicted by Wagner on 

Klipfontein, however, belong to the totally different 
11conglomeratic n type of ore. In fact, the 11Blinkklip 11 

type of ore is sparsely represented in the whole Post­

masburg region, when compared to the plentitude of the 

"conglomeratic" ore. In magnitude and extent the 

Postmasburg "Blinkklip" ores, are not to be compared with 

tne 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 

Postmasburg area, the aggregate tonnage of the uBlinkklip" 

ores total only a few million tons, as compared to the 

tens of millions of tons represented by the 11conglo­

meratio" ores. ( See table 14.) The large st concen­

tration of the 11Blinkklip" type of ore along the Gama­

ga.ra rand ocour 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: 

1. 

% 

Table 9. 

2. 

% 

3. 

% 

4. 

% 
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Fe2o3 96.88 95.62 87.99 89.10 

Fe0 0.15 0.38 tr. 0.28 

Si02 1.90 2.83 7.30 8.18 

Al203 0.09 0.11 0.16 0.80 

Mn02 0.23 0.10 tr. 1.57 

CaC03 o.os 0.10 2.68 0.16 

MgC03 0.11 0.12 0.11 nil 

Ti02 nil nil nil 0.14 

P205 0.122 0.139 0.016 0.09 

As203 nil nil nil nil 

so2 0.012 0.O45 o.oos n.d. 

Cu tr nil nil n.d. 

002 tr tr 1.74 tad. 

s tr tr tr n.d. 

H20 0.45 0.47 0.73 0.40 

~0- 0.04 0.06 tr 0.05 

Total 100.03 99.97 100.23 100.77 

Metallic Fe. 67.94% 67.24% 61.59% 62.52% 
Sulphur 0,005% 0.018% 0.002% n.d. 
Phosphorus 0.053% 0.061% 0.007% 0.04% 

Sample 1. is from Doornput (map K) 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 IO.ipfon"Gein hills. 
-

Analyst, Dr. B.Vl. Marloth, Division of Chemical Servioes, 

Pretoria. 

It will be noted how low in phosphorus and sulphur 

the ore is, and the virtual absenoe of mangfµlese, except 

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

was// ••..• 
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was seen in the hand specimen to contain manganese. 

This latter ore is rare and unimportant. 

(3) The "Conglomeration Type. 
from 

This ore, formed the basal 

rocks '.Jf the Gamagara series, grades in texture from 

coarse and sub-angular accumulations of banded iron-

stone 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 

southe1.,n portion appear conspicuously at Laoe 's Goat 

on Doornforitein, (map,. G.) and attain their maximum in 

the enormous bodies on Beeshoek and Olynfontein. The 

ore 1~0aies ai.,e massive and often form rounded oliff ... 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 

was at work. The detritus from the underlying and ad­

jaoent banded ironstones was, apparently, largely a oon• 

centrate by weathering from the highly ferruginous 

portions of these rocks. By reaso:r;i of its superior 

resistance to weathering and its high specifio gravity, 

the// ••••• 
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the hard rich haematite became concentrated in these 

coarse deposits in the vicinity of the parent rook;· 

while the lighter non-ferruginous fragments weathered to 

smaller size, and were transported further afield. 

A parallel to this process is afforded by the extensive 

"oanga0 scree deposits of haematite occurring in the 

state of 1linas Geraes, in Brazil. (Leith and Harder. 43. 

pp. 670-686). 

The matrix 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 has 

in addition undergone secondary ferruginiation, and is 

shot with secondary intergrowths of specularite. (Platt 

VII. Fig. 1.) This greatly increases the total of iron 

present in the rock. 

It is noteworthy that in the somewhat rare outcrops 

of these grits and conglomerates which are poor in iron; 

s·howing no sign of secondary enrichment, a scattering of 

pebbles of pure haematite are present amongst the sili­

ceous pebbles of quartz, chert and jasper. This fact 

shows that extensive ferruginisation of the banded iron­

stones had taken place during the pre-Matsap period of 

erosion. The complete absence of pebbles or fragments 

of manganese ore ip 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: 
Table 10// ••••• 
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Table 10. 

1. 2. 3. 
% % % 

Fe 2o3 97.74 97.,42 89043 

FeO nil . ·~ nil niJ. 

Si02 0.70 1.54 5ol9 

A1203 0.55 1.30 3,i1l 

M.n02 tr ti-- tr 

CaC03 tr tr tr 

MgC03 tr tr tr 

Ti02 nil nil nil 

P205 0.27 nil nil 

~o 0.47 0.54 1.87 

H20- 0.25 nil 0.10 

--
Total 99.98 100.80 100.00 

--··-
Metallic Fe 69.31% 68.10% 62.50% 

Analyst: c. J. v.d. Yvalt, Division of Chemical Services; 

Pretoria. 

The above samples are from the northern end af the 

Gamagara rand. The ore of this type encountered within 

the confines of maps G. and K. is of the same order af' 

purity. Sample 3 in these analyses was apparently of 

lower grade because of the quantity of aluminous matrix, 

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 faot that these samples were taken from ore 

bodies lying on banded ironstones. Where the transgres­

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 no11thern confines or map G., 

various stages 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 replaoed by manganese, resulting in all grades of 

mangMiferous 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 muoh less than that represented by the often thick mas­

ses 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 IG.ipfontein (map K.) 

the Gamagara shales have been completely £erruginised, 

resulting in a massive laminated haematite often exhibi­

ting intense puckerings. (Plate IV. fig. 2.) It is 

such a body of ferruginised shale occurring at the back 

of Ia.ipfontein homestead which Wagner and Jourdan mis­

took for a steeply dipping lens 0£ £erruginous banded 

ironstone. The ooourrenoe in question is actually flat 

lying and represents the crest of the antiolinal fold 

ooourring on the east 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// ••••• 
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The writer was himself misled for some time by this 

oocurrence, until it was found that the body formed the 

crest of an anticline of Gamagara shales, and was seen 

to connect up with, and grade into, adjacent less 

£erruginous Gamaga.ra shales and grits lying in an ob~ 

viously unconformable manner on the lower Griquatown 

banded ironstones and their brecciated counterpart;· the 

Blinkklip breooia. In addition,· a close investigation 

revealed lens-like remnants and blebs of shaly matter 

in the ore itself. The presence of diaspora crystals 

in these "schlieren" of shaly matter showed it to be an 

el tared Gamagara shale. 

Al though these Gamagara. shales contained much iron 

originally; as shown by praotioally unaltered varieties, the 

intense ferruginisation observed is definitely post-

Matsap in age. The er iginal iron was probably, as in 

the case of the conglomerates,· derived from the banded 

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 leaching 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 ooourred while the shale was 

still in its inoompetent un-enriohed form, 8Jld therefore 

its complete ferruginisation must be later than the 

post-Matsap deformations. It is likely that these 

deformations opened fissures and channels affording 

easy// •••• 
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easy aooess to the males by ferruginising solutions, 

In some oases no doubt; suitable geological structures 

were utilised, forming zrsaddle 11 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 a.re given by Wagner (36.p. 

186) of samples taken from this ore body. (N.B. The 

owner or the £arm, Mr, Snyman, who aocompanied Wagner, 
... .. 
showed me where the samples were taken.) 

Table 11. 

l. 2. 3. 4. 
% % % % 

Metallic Fe. 66,85 65.10 68.50 69.10 

Si02 2.60 3.70 1.30 0,90 

Ti02 tr tr tr tr 

P205 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, sinoe this 

may have indicated the shaly origin of the ore. 

The following are recent an anll.1100~ oftthe·sholy 

haematite ore: 

1. 

% 

Table 12. 

2. 

% 

3. 
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Fe2o3 98.87 38.52 71.72 

FeO nil 0,93 1.14 

Si02 0.86 6.03 11.16 

.A1203 0.10 43.56 10.28 

MnO 2 0.07 0.18 nil 

CaCOg tr 0.23 0.12 

MgC03 tr nil nil 

Ti02 nil 1.44 0.62 

BaO n.d. nil 0.57 

P205 nil 0.15 0.17 

V205 nil nil nil 

AB203 nil nil nil 

¾O 0.41 a.10 4.29 
I 

H20- nil 0.13 0.51 

Total, •• 100.31 99.27 100.58 

~ 

Metallic Fe. 67.82% 27.68% 51.09% 

Analyst: Dr. B.W. Ma.rloth; Division of Chemical Services 

Pretoria. 

These three analyses a.re interesting since they show 

three stages in the ferruginisation of the shales, 1. 

represents the complete £erruginisation; the sample 

coming from Doornput, and similar to that illustrated 

om Plate IV. Fig. 2. 2. is a practically unaltered 

Gamaga.ra shale from IDmoteng, and probably indicates 

the original composition of the shales, while 3. is 

a partially enriched shale also from Lomoteng. This 

sample was markedly pisolitio. 

(4) The Siliceous Blinkklip Breooia. 

This// ••••••••.•••• ~•• 
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This rock must also be classed as (in iron 

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

amount of deleterious constituents presents combined 

with the vast reserves of easily available ore of this 

nature adjaoent to the railways, makes it of eoonomio 

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 pa.rent banded ironstone, for the breccia has 
been cemented by secondary haematite in the form of 

glistening speoularite scales, as well as silica. 

In 1927 bulk samples weighing 25 tons each were 

de.~patched to Germany for beneficiation tests, and 

the following Malyses were carried out on samples of 

this material: 

Fe2o3 

FeO 

Si0
2 

Al203 

Mn02 
CaC03 

MgC03 

Ti02 

P205 

v?o5 

As203 

s 

1. 
% 

46.41 

Table 13. 

nil 

52.31 

1.00 

0.67 

tr 

tr 

nil 

nil 

nil 

nil 

n.d. 

5l,41 

tr 

1.68 

0.17 

1.11 

tr 

nil 

nil 

nil 

0.01 

3. 
% 

46.25 

tr 

tr 

0.92 

0.11 

0.92 

tr 

nil 

nil 

nil 

0.17 

J½O II ..... 
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nil 

Total ••.• 100.73 

Metallic Fe 32.48% 

139. 

0.29 

tr 

100.82 

32.24% 

0.28 

0.02 

100.32 

32.38% 

Analyst: Dr. B.W. Marloth, Division of Chemical Services, 
Pretoria. 

These analyses seem to show how remarkably oonstant 

in composition the Blinkklip breocia is. The samples 

analysed all come from the same portion of the hill 

immediately north of Ma.nganore rail terminus. A further 

interesting point 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 aooumulation 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 breocia immediately 

below the Blinkklip breccia at this locality is marked-

ly manganised. 

(5) The Detrital or Scree Deposits. 

These deposits of iron 

ore a.re widespread, and represent a considerable tonnage 

of high grade ore. They a.re 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// ••••• 
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disintegrate reo.dily by splitting; yielding masses 

of haematite rubble which are extraordinarily resistant to 

weathering. These soree deposits a.re alweys admixed 

with more or less ohert and banded ironstone fragments. 

They are very irregular in na~ure, being shallow where 

the dolomite is near the surface, and thiokening 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 ar the deposits, and 

beoause it can be so cheaply worked. If necessary 

p,roduction can be oornmenced on this kind of deposit 

without any development work. All that is neoessary 

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 grv:y haema­

tite interspersed with layers, lenses and nests of more 

ooarsely crystalline specularite. On weathering these 

ores give rise to large oubioal blocks tilted in all 

direotions, 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 

faoilitate mining to a great extent, especially since 

these ore bodies are shallow, often being mere oappings, 

the whole ore body being exposed in most oases. 

A further consequence of this splitting into blooka; 

is the production of large soree deposits, whioh can be 

very cheaply worked. 

The// •••••• 
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The lower groo.e shaly ores are interbedded in 

the GnmugOJ?a sediments, ~nd olosely follow their dip o.na 

strike. The ho.ema.tite is contained in stnrs o.nd 

olusters of speculo.rite crystals dispersed in an unc­

tuous mass of nluminous material and diaspora orystals. 

{Plate VII. Fig. 1.) In much of the shale however, the 

haematite is dispersed and imparts a brick red oolouF to 

the rook. 

Mineralogioally, the ores are very simple; being oom­

p·osed almost exclusively of haematite, which seems to be 

of two nges at least ns in the Crocodile River ores. (36) 

The older generation of haematite is fine grained, ho.rd 

and oompaot, and apparently represents the original 

haematite of the rook. The replo.oed chert or alumina 

is represented by the younger generation of haematite, 

which is composed of medium to ooarsely crystalline 

speoularite. Cavities nre lined or filled with this 

mine~al; in large cavities in a series of oonoentric 

leyers, with occasionally a kernel or filling of pellucid 

white quartz or chaloedonio silica. This silioa probably 

is loo ally preoipi tated from solutions which have leached 

it from its disseminated state in the rook. 

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, espeoially in such a magnetite~ 

rioh parent rook as banded ironstone. 

The oonglomerates form typically large massive 

bodies and outcrops whioh weather to a very different form; 

soaling and exfoliating to huge rounded boulders and 

shapeless// •••••• 
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shapeless masses. In this oase much drilling and 

blasting will have to be resorted to in mining, since 

the rook is extremely tough and joints a.re few. 

However; advantage mny be taken of the rude bedding 

in the rook, which is at places mo.rked (Plate I. Fig.l) 

and will facilitate mining. 

The iron is for the most part in the form of 

massive haematite, with to a lesser extent ooarsely 
·- . 

orystalline speoularite; which apparently oould not 

withBtand 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 diaspora-bearing shales, 

or the unotuous ferruginous shales. 

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

of the Iron Ores. 

In the previous sections 

it has been shown that a gTeat deal of the iron ore was 
·- . 

formed as early as the pre-M.atsap oyole of erosion; while 

evidenoe of later ferruginisation is provided by the 

e.nrichment of the Blinkklip breccias and Gamagara con­

glomerates and shales. The pe~iod of this later 

ferruginisation is therefore post-Matsap, and subsequent 

to the era of deformation. 

Wagner (36.p.187.) infers that the~e .were several 

periods of haema.titisation. Of the earliest and apparent­

ly most intense period, whioh seems to have been during the 

time of pre-Matsap erosion,- he says; " -- it is to be 

presumed that that (period of haematitisation) which 

preceded the main breooiation was a result of the 

oonvergenoe// ••••• 
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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 SUI'face vvaters; tha.t dissolved silica 

and deposited haematite in its plaoe. Subsequently, 

as o. consequenoe of further solution of the dolomite,· 

leading to renewed slumpin~ and subsidence, the al­

ready-formed ore and associated banded ironstones were 

breociated and the interspaoes of the breooia filled 

with haematite. 11 

The findings in the present work nre in general 

agreement with this view, except that the main breo­

oiation is ascribed to the post-Matsap tectonic move­

ments; and the second period of slumping and ferruginisa• 

tion is thought to have occurred during the post-Karroo 

cyole of erosion. That most of the formation of iron 

ooourred in pre-Karroo times is shown by the faot that 

glacial floors and eFratics have been formed on bodies 

of rich haematite of the 11conglomeratio II type, and of 

blocks of ore plucked from these bodies. (Plate VI. Figs. 

1. and 2.) 

These facts all show that there were at least 

three periods of ferruginisation; namely, in pre-Mat• 

sap times; in pre-Karroo times, and in post-Karroo times • 

.All three periods fall within cycles 0£ 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-

la.rite is seen to have become deposited in oraoks in the 

dolomite; and in manganese quarries lumps of speoularite 

and haematite, pseudomorphous after limonite; are found 
irJ// •••••• 
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in the resiaual soil of the dolomite. 

However; most 0£ the ferruginisation seems to 

have taken plaoe by selective leaohing of the rocks of 

their siliceous and alu.minous content, leaving the i~on 

residue. Frequent shrinkage oraoks and vuggy cavities 

filled by specularite or chalcedony and quartz, support 

this vievr. 

(8) Rough Estimates of the Ore Reserves. 

(a) Method of Estimntion. 

These were estimated acoor49 

ding to the maps and general field observations in the 

srune manner as the manganese ores, with the exception 

that the iron ores were estimated in bulk; and were not 

!'educed by caloulating according to a probable per­

oentage ~.n 11Ferruginous" x-ook, as was necessitated by 
- . 

the scattered and intermixed nature of the manganife• 

The tonnage of the various iron ore boo. ies £or each 

individual locality were caloulated aocording to the 

approximate average thickness 0£ the bodies for the 

local area. In all oases these thioknoss·es were re-

dueed below the pPobable average to be on the safe side. 

Little account was taken of probable and possible 

ore dipping away beneath cover. Only the outcrops as 

seen in the field were taken aooount of, and looal ex­

tensions beneath isolated patches of Gamagara beds. 

In the case of the Blinkklip type of ore the figures 

must be essentially oorreot, for these ore bodies have 

little of their bulk hidden. In the oase of the 

"oonglomera.tio 11 type of ore, there is the possibility 

that great reserves of ore hidden beneath oover exist; 

over// ••••• 
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over and above the estimates, for suoh sedimentary 

bodies will oontinue £or some distance dovm the dip 

o:f the beds. 

The detrital iron ore, mainly soree deposits, tra.s 

estimated by oaloulating the area they oover and multi­

plying by a low average figure representing solid haema­

tite. 

(b) The Estimates. 

Included in the following are 

considerable quantities of the 11 oonglomeratic" type of 

ore; which are more or less impregnated with man-

gOJ1ese; an ore whioh is frequent along the Gamagara. rand. 

Remarks are added as to the type and quality of the oite 

from each locality, and their situation and accessibility. 

Table 14, 

Note: In the following table under eaoh farm heading 

a.re given: 

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

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

(3) The estimated ore reserve calculated from these fi-

gures taking 8 cubic feet per ton. 

( 4) The type and quality of the ore; where c. c. • "Con­

glomexaatio" type; c.s. : "Conglomeratio" type of the 

shaly variety; i,e. mo.inly shales; B = Blinkklip type; 
i 

S = SoFees; M: Ma.ngani£erous ore. 

(5) Miles from rail and looality remarks. 

A. Western Belt. 

BISHOP. 

(1)// •••••• 
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E 1) ( 2) ( 3) { 4) (S) 

560;000 s 850,000 C.C;M. 5 miles; in vicinity 
of Bishop beaoon. good. 

soo;ooo 3 225;000 C. S;M. 
poor. 

5 miles; nearer 
quartzites. 

(1) 

132;000 

{l) 

ss-ooo 
' 

(2) 

8 

(2) 

5 

IDROID!VA. 

(3) (4) (5) 

132;000 C.C;M. 5 miles. 
excellent. 

I.OIDTENG. 

(3) (4) 

55,000 C. C ;M. 
good. 

(5) 

1 to 4 miles, n.e. 
corner of farm. 

1 -200-000 3 450-000 , ' , C.S;M. 
poor. 

1 to 4 miles. On 
western boundary. 

(1) 

485,000 

270,000 

{ l) 

345,000 

450;000 

700;000 

225,000 

(1) 

150;000 

870,000 

228;000 

( 2) 

7 

3 

(2) 

4 

4 

4 

2 

IDHATHLA. 

(3) ( 4) (5) 

425,000 C.C;M. 4 miles. On north 
excellent. of farm. 

100;000 C.S;M. Half mile. On 
poor. south of farm. 

GWUCESTER. 

(3) 

172;000 

225,000 

350.,000 

56;000 

(4) 

C. C;M. 
good. 

C.S ;M. 
poor. 

C. C ;M. 
good. 

C. S;M. 
pooi1. 

J.APIES RU3T. 

(5) 

Half mile. North 
of branch line. 

Half mile. West of 
branch line. 

1 mile. South of 
branoh line. 

1 mile. South of 
branch line. 

(2) (3) (4) (5) 

a ss;ooo C.S;M. 1 mile. West of 
poor. Gloucester mine. 

6 2'10;000 B. 4 to 5 miles. On 
excellent. mountain and diffi• 

cult of aoess. 

3 85,000 B. Ditto. 
excellent. 
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MARTH.AS POORT. 

(1) (2) (3) (4) ( 5) 

1 ·200 -ooo 5 ?so;ooo c. C;M. 1 mile. Occupr , ' 
good. ing closed fo ds. 

DRIEHOEKSPAN 

(1) (2) (3) (4) (5) 

950,000 6 '712,000 C. C ;M. 2 miles from 
excellent. Palingpnn siding. 

PALING. 

(1) ( 2) ( 3) (4) (5) 

2,320;000 6 1;740;000 C.C;M. 2 miles from Paling-
good. pan siding, On 

north of fa.rm. 

520;000 3 195,000 C.S;M. 2 miles from Pa-
poor. lingpa.n siding. On 

north of farm. 

960;000 4 480;000 C.S;M. 2 to 3 miles. South 
poor-. of Poling poort. 

140;000 12 210,-000 c.c. 2 to 8 miles. Low 
excellent. hill on dolomite 

flats on south-
east of farm. 

DOORNFONTEIN. 

(l) (2) (3) (4) (5) 

8'10,000 7 760,-000 C.C;M. 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 -ooo -ooo 6 1 -200~000 C. C;M. Half·mile east of 
I I , 1 

good. rail; on south of 
r~m. 

BEESHOEK. 

(1) (2) (3) (4) (5) 

300-000 5 185,000 B. 1 mile. At beacon· , 
excellent. on south-east oor-

ner of farm. 

2;815,000 10 3 "500 -ooo c.c. l mile. On hill-
I I 

excellent. slopes east of 
Beeshoek village. 

330;000// •••••• 
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380,000 4 165,000 B. On reservoir 
excellent.hill half to 2 

miles. 

2;100,000 8 2,100,000 C.C;M. On reservoir hill 
good. half to 2 miles. 

3,500;000 10 5;200,000 C,C. 0 to 2 miles south 

(1) 

excellent. of Beeshoek vil­
lage. 

OLYNFONTEIN. 

(2} (8) (5) 

1//50,000 10 2;110,000 c.c. 
excellent. 

3 to 4 miles south 
of Beeshoek villag@. 

{l) 

21;000 

l ,"980 ;ooo 

60,000 

240;000 

~,;200;000 

2;500,000 

210,000 

185,000 

aoo;ooo 

B, Eastern Belt. 

DOORNPU'll1. 

(2) (3) { 4) 

8 21-000 I c.c. 
excellent 

1 247 ,ooo s_ 
excellent. 

4 30,000 B. 
exoellent. 

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

(5) 

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

On s.e. oorner of 
farm; 3 miles from 
Manganore rail. 

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

Ditto. 

4 100,000 c.c. and CS.. Ditto 
fair. Under shale oover. 

1 310;000 s. 
exoellent. 

On hill slopes, 
an o.vera~e of 
half a mile from 
manganore. 

4 105;000 c.c, and CS. Under covering of 
fair. shale. Half a 

mile, on hill n. 
of siding. 

4 67 1-000 c. C. Half n mile. On 
excellent. hill north of 

siding. 

l 100,000 S, Screes around hill 
excellent. north of siding. 

KLIPJONTEIN. 

// ....... . 
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(1) (2) 

210,000 5 

5,950;000 l 

170,000 8 

200,000 3 

510;000 6 

4,000,000 1 

s;soo,ooo 2 

c. 
Lo,oali:q. 

Bishop. 

Morokwa 

Lomoteng. 

l.Dhathla 

Gloucester 

Japies Rust 

:Marthas Poort 

Driehoekspan 

Pa.ling 

Doornfontein 

Beeshoek 

Olynfontein 

149. 

(3) (4) ( 5) 

130,000 c.c. 3 miles. On s. ,v. 
excellent. oorner of f o.rm. 

746,000 s. 3 miles. Sorees on 
excellent. s.w. corner of 

farm. 

170;000 S. (lens) l mile. On hill 
excellent. behind homestead. 

82;000 s. 4 miles o.round 
excellent. hill to siding. On 

hill behind home. 

382,000 c.c. 
fair. 

Ditto. 

500;000 s. Ditto 
excellent. Distance vo.riable. 

8?5;000 C.C. and 1 mile direct to 
c.s. fair. sidin!. On hill 

behin home. Ore 
beneath shale. 

hesume. Western Belt. 

Pure Haema- Good Mangan- Poor Mangan• Totals. 
tite Ore. iferous Ore, iferous Ore. 

•••••••• 

. . . . . . . . 
• • • • • • • • 

• • • • • • • • 

........ 
•••••••• 

• • • • • • • • 

• • • • • • • • 

sso;ooo 

132,000 

55,000 

642,000 

622;000 

• ••••••• 

750,000 

712,000 

210,000 1;740,000 

2,090,000 

11150-000 ' , 
2.,170.,000 

X 

!t 

225,000 

••••••• 

450,000 

100·000 
' 

281 000 , 
56;000 

• • • • • • • 

• • • • • • • 

6'75,0UO 

5'75,000 

132,000 

505;000 

'/42,-000 

sos,·ooo 

411;000 

750,000 

712,000 

2,A625,000 

2 000 000 , , 

11,150,000 

2 170 000 , , 
------·--

Totals..... 15,975,-ooo 4~903,000 l;'/87 ,--000 22;·665,WO 

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

have// •••• , 
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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 Eastern belt manganiferous iron ore is ab­

sent, but there are large scree deposits. 

Locality. Haematite in 
Outcrops. 

Haematite Screes 
and under shales. 

Totals. 

Doornput 

Kapstewel 

IG.ipfontein 

210,000 

483,000 

764,000 

559;000 

862,000 

2,265,000 

769,000 

1 ~345~000 , ' 

Totals ••••.. 1,457;000 3,686,000 

3,029,000 

5,143,000 

We oan 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 outcrops ••••••••••..•. 

Total of pure haematite ore in 
screes and under shale ••••••• 

Total of good manganiferous ore ••• 

Total of poor manganiferous ore •.• 

Grand Total ••• 

3,686.,000 

4,903,000 

1,787,000 

27,808,000 

Before concluding it should be stated that the 

above estimates have been conservatively calculated, 

II 

Ii 

ii 

ii 

and the total may be doubled if the extension of the 

Gamagara beds down the dip beneath the covering of 

Ga.rnagara quaFtzites be ta.ken into account. The average 

thickness of the haematite scree deposits may alao oon­

siderably exoeed the one foot used as a basis of oal­

oulation. 

CHAPTER VII.// •.•••• 
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CHAPTER VII. 

Aooessory Minerals and Struotures. 

(A) M,inerals Aocessory to the Mineralisation. 

Mineralisation 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 deso~ibed before, but two new ones 

to the area have been identified and new data obtained 

on others, as shown below. 

(1) Diaspora. 

A rose-red Val'iety of this mineral was 

found in the manganese ore, and was in the beginning mis­

taken for the manganese metasilioate, rhodonite. The 

mineral was first indentified as diaspora by Chudoba (6). 

Two varieties are found on the manganese fields. 

The most striking variety •. is the rose-red sort assooiated 

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 diaspora one tenth of an 

inoh thick; half an inch wide, and up to four inches long, 

a.re known. 
The following are analyses of this rose-red 

manganese diaspora: 

Table 15. 

1. 2. 3. 4. 

% % % % 

SiO/ / •••••• 
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Si02 
Ti02 

.Al2°s 

Fe2o3 

FeO 

lVIn02 

CaO 

Cl 

F 

0.30 

n.d. 

83.99 

0.89 

nd. 

n.d. 

nil 

0.08 

nil 

b4.25 
( 

152. 

0.20 

tr 

84.85 

0.65 

n.d. 

0.10 

tr 

n.d. 

n.d. 

14.70 

0.10 

Total •••• 99.51 100.70 

Specific Grav. n.d. 3. 300 

0.15 

84.00 

Oc.80 

n.d. 

0.45 

tr 

n.d. 

n.a. 
14.75 

0.20 

100.95 

3.393 

0.11 

nil 

78.58 

1.96 

4.32(Mni>3) 

tr 

n.d. 

n.d. 

( 
(14.65 
( 

99.62 

3.328 

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

The other variety of diaspora occurs scattered as 

st~bby laths or rods in the altered Gamagara shales, 

occasionally occurring so thickly as to crowd out the 

matrix. Besides 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 diaspora shale containing ooarse 

diaspora orystals, were gently crushed and centrifuged 

in heavy liquid to obtain reasonably pure samples of the 

gray diaspora crystals, and the white to greenish flaky 

matrix. 

This material yielded the following analyses: 

Table 16. 

I I . ....... . 
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1. 2. 
Matrix. Crystals. Matrix. Crystals. 

% % % % 
Si02 51,74 2.14 62.22 7.74 

.A1203 37.42 80,63 30.64 74.01 

Fe2o3 nil 0.89 nil 1.27 

MgO 0.14 nil 0.20 nil 

CaO 0.33 nil 0.16 nil 

Na.2o 0,17 nil 0,26 nil 

~o 0.01 nil nil nil 

Cl 0.13 o.15 0.04 0.06 

F 0.19 tr tr nil 

CO2 nil nil nil nil 

~o 9.21 14.38 4.85 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 
Chemioal Services, Pretoria. 

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

The following analysis from Nel 1 {21.p.36.) was 

carried out on a sample from the same loonlity as snmple 

1. in table 15: 

Table 17. 
% 

1.00 
0.30 

82.80 
0.35 

0.15 
0.40 

14.90 

0.20 

Total •••• 100 .10 

Analysis// •••• 
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.Analysis of diaspora from northern Doornfontein. (map G.) 

The above analyses of diaspora all agree substanti­

ally in the essentials, in spite of the differences in 

oolour 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 IQipfontein 

is especially high in silioa and low in water. The 

rock from which it was obtained showed signs of silioifi­

cation, and it is likely therefore that silica may have 

replaced some of the water in the diaspora, which was 

harder than usual and had a more brilliant lustre. 

The analyses a.re further interesting in that they 

show notable quantities of chlorine and even traces of 

fluorine. These diaspora 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 rook largely aided the alterations. As mentioned 

before, these elements provide a clue which throws muoh 

light on the extensive manganese and iron mineralisation 

of the area. 

Thin sections of diaspora 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 oarried out on 

ooarse grained specimens: 

Table 18. 

Thin// •••••• 
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Thin Section No. Locality. 2V. Vuluos! 
L.B. 171 

L.B. 174. 
L.B. 175 
L.B. 213. 
L!B. 214 
L.B., 217 

L.B. 216. 

L ' Got D f t. 87°:aa0 ,·a2°. aoe s a, oorn on ein, , 

u n rr ggO .! 860 ,"'840 • 

Southern Doornfontein. ao0 ;74°;a2°. 
Klipfontein 76°,72°;70°, 
Ia.ipfontein. 87°;s2°,as0

• 

Klipfontein 84°,s2°;a4°. 
IG.ipfontein. 74°,72°;78°. 

Average 2V for Doornfontein, 83.5° 
Average 2V £or IQipfontein, 78,8° 

(2) Zunyite. 

The rare ninerol zunyite; a hydrous 

silicate of aluminiwn, is one of the chief mineral 

curiosities 0£ the area. Nel; .. (21.p.37,) describe~ two 

localities where the mineral has been found, namely; the 
·- .... ... . 

smali knoll 800 yards east of Lace's Goat on Doornf9n­
tein; and in the kloof behind the homestead on IG.ip-

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 

quar~ers of a mile east of the railway line; where it 

makes a long straight run from Doornfontein to Paling. 

At this locality diaspore is not so closely asso~iat• 

ed r~Jth the zunyite as at Lace's Goat. Perfect tetrahe­

drons of zunyite lie scattered in highly altered Gamag~a 

shale; whioh is of a pale creruny to eggshell blue colour. 

Fresh oeystals up to a millimetre in diameter are foundj 

but specimens of decomposed shale near the surface con­

tain oasts of weathered zunyite crystals up to one 

centimetre across. It is likely that quarrying at this 

spot will reveal fresh orystals of this unusual size. 

Belonging to the isometric system; the sunyite cry­

stals are isotropic under the micro~oqpe; and.have a re­
fractive index by sodium light of 1.5996 or 1.5997. 

(22.p.220.)// •••• 
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( 22.p. 220.) The orystals are always idiomorphic with 

perfeot 111 cleavages. ( See Plate VI II. Fig. l.) 

The following includes an analysis from the Lape' s Goat 

occurrence. ( 21.p. 38.) 

Table 19. 

1. 2. 3. 4. 
% % % % 

Si0
2 24.33 24.11 24.11 29.10 

AJ.203 57.88 57.20 57.68 54.25 

Fe2o3 o.ro 0.61 0.18 o.so 
CaO nil 0.11 nil tr 

Mg-0 nil nil nil tr 

Na2o 0.24 0.48 0.31 tr 

~o 0.10 nil 0.18 ti., 

Li2o tr nil nil nil 

F 5.61 5.81 5.19 a.so 
Cl 2.91 2.62 2.90 2.45 

P205 0.60 0.64 0.52 0.15 

~o 10.89 11.12 11.12 13.45 

H2o- nil nil nil 0.90 

Deduct o2 
equivalent 3.02 3.03 3.01 0.90 
to Cl and F. 

1. Mean of several partial analyses; Hillebrand; 1884. 

2. Zunyite in altered porphyrite near Red :Mountain; 

Ouray Co. C:o lor ado • 

3. Zunyite from Zuny mine; Colorado. B. Grossner, Neues 

Jahrb. Min. Abt. A. 1926. 

4. Zunyite from Lace's Goat, Doornfontein; colleoted by . . . 

Nel (21.p.38.) Analyst: Dr. J. MoCrae. 

Nel, (21.p·.39) discusses the composition of the 

zunyite; and gives various formulae for the mineral. 

The// ••••• 
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The analysis given in Table l. in Chapter II. 

B.1. was carried out on a specimen of dolomite taken 

adjaoent to the knoll of zunyite shales discovered by 

the Vfriter on Doornfontein. It is instruetive to 

note the presence of chlorine in this dolomite. In 

Italy large bauxitio deposits have aooumulated by the 

oolleotion in situ of the residual olays 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 ohlorine~ and to a lesser ex­

tent fluorine, held in the original dolomite, beoame 

oonoentrated in the shales and aotively aided the me-

tasomatio alterations observed. This oonoent~ation 

most likely o.oourred by means of the po~t-Matsap mine-. 

ralising solutions, which dissolved the halogens f~om 

the dolomite. Furthermore, in pre-Matsap times, wide 

Ol'eas 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 b~ytes deposit in the lavas south of Post­

masburg. 

(3) Pyroph.yllite. 

In the matrix of the diaspora 

shales, Nel recognised two intergrown minerals, one 

strongly and the other weakly refraoting. (21.pp.36,37.) 

For the former,he detected the following properties; 
Ng. 1.594, Ng-Np, large, z/o mostly straight. 
In suitably coarse grained sections the writer made a 

J?.umber __ of optical observations by means of the Fede~off 

universal stage, and found that the mineral is optically 
0 0 

negative. 2V was found to .vax,y. ·from 45 to 60 , 
with//••• 
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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 diaspora 

orystals. It oocnrs in the form of pale irregular soales. 

Nel determined the following properties: 

I O 0 Np. about 1.56, S.G. about 2.6., z c. 0 to 12. 

( 21.pp. 36-7.) 

Under the Federoff universal stage, the vvriter 

found the mineral to be optically positive, with the 

majority of the 2V values falling in the neighbourhood of 

o0
; but values as high as 366 being obtained. The optic 

~~ial angle is therefore variable. In the frequent oases 

where it approac-hes o0 ; it was seen that the optic a...'\Cea 

approaoh 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 .. o.le~ly defined, and 

in such cases the 2V can be set at any angle between o0 

and 25°; if the dark areas were of equal density all 

over// •••• 
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over the field. In practice however, it is 

seen that these areas have a spot of maximum darkness 

appro:drnately at their centre, which must mark the 

position of the optic axis, and enables readings ao-

ourate 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, .AJ.2o3.3~0. (37.pt.2.p.48.) 

In one thin section, aggregates of gibbsite flakes 

were seen to be pseudomorphous after diaspora. This 

ohange would be a simple matter of hydration of the 

diaspora, the formula of which is Al~3.H2o. 

(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 diaspora occurs. It has been 

found most frequently on Glouoester and the adjoining 

farm Japies Rust, (map G.) and occurs as pale pink 

aggregates. Often it lines vuggy cavities in the 

manganese ore in the form of beautiful little barrel 

shaped crystals up to l centimetre in diameter. During 

blasting operations pretty little pearly books of a deli­

oate pink oolour are broken loose. 

The mineral has been identified and described by 

Coles- Phillips (7) who says, 11Untwinned 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 optio axial angle is perpen­

dioula.r to (010) of the hexagonal cleavage flake; optic// ••• 
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optio sign nogativa." ---- "2E for sodium light varied 

in six measurements from 42°32' to 43°8 1, with disper­

sion 2V red leas than for 2V blue. The intimate 

lrunellar ttvinning makes aoourate determinations of the 

refractive indioes someuhnt difficult, but good results 

were finally obtained by the Kohlrausch total refleotion 

method on a Hutchinson Universal instrument, using an 

artifioio.lly-polished plate (natural cleavage flakes were 

always too distorted to give sharp shadows). 

Alpha = 1.595, beta a 1.625,. gamma :s 1.627, + - 0.002, 
0 whenoe gnmma - alpha= 0.032, and 2V calculated = 28 32 1 • 

The following analyses of ephesite are given: 

l. 
% 

Si02 29.40 

Ti02 0.10 

Al203 50.60 

Fe2o3 0.55 

FeO 0 .. 35 

CaO 1.40 

MgO 0.40 

MnO 0.10 

Na2o 8.65 

Li20 1.50 

KtJ tl' 

H20 5.30 

H~- 1.25 

F 0.20 

Total •••• 99, 80 

Table 20. 

2. 
% 

28.90 

51.60 •••. Titania, alumina, 
and iron. 

n.d. 

n.d. 

n.d. 

9.20 

0.90 

0.30 

n.d. 

n.d. 

n.d. 

1. Analysis by H.G. Yfoall, F.I.C. Govt. Chemical Lab. 
Johannesburg. 

2.// ••••• 
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2. Pmatial analysis by Coles-Phillips. 

( 6) Bo.rytes. 

This mineral is found associated 111th 
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. 

Ra.rely, large water-clear individuals are found, or 

intergrovm 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 quaJltities sufficient to be of eoonomic 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 finenoodlo1 of rutile soattered be• 

tween the diaspora crystals. No large concentrations 

of this mineral have been found. It is difficult to as­

sign an origin for this titanium. It is possible tho.t 

muds carrying titanium, and originating from the Ongeluk 

lavas by rrnathering, nent to form po.rt of the mo.terial 

composing the Gamagara shales. 

(8) The Origin of the Accessory Minerals. 

The origin of this group of 

aocessory 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 effeots 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// ••••• 
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intrusivo rock exposed in tho o.rea which could have 

produced suoh effects on any appreciable scale. The 

few thin basio dykes have had n negligible effoct on the 

country rock. 

1tr view is that the explanation is to sought in the 

original composition of the shales, allied to the minerali­

sing o,nd crystallising effects of solutions carrying 

such active catalysing agents as chlorine and fluorine, 

shovm to be present in the Grunago.ra rocks and the shales. 

The whole process then, by which the valuable ore 

deposits have been fer med; as well as the assemblage of 

aooessory minerals, depends on the sot of geological 

oircumsta.nces found in the o.rea, aided and abetted by the 

mineralisers acting on rock types amenable to chemical 

alteration. 

(B) Structures Accessory to the Mineralisation. 

(1) Slumning. 

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 metasomatio replacement of the gangue rook by the 

ore material. Such replacement is considered to have 

proceeded by solution of the original material and de­

position of the ore matter, molecule by molecule. 
// .... 
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Fossilisation of wood and bone etc. is considerod to 

have proceeded in this manner, resulting in the almost 

perfect preservation of the fine· struotures of these 

materials. Fo~ 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 hns resulted in pa.rtinlly 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 

weighs more; or rather oocupies less space than, the 

original molecule of silica or of alumina, the mass tends 

to shrink with the progi,ess 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 acoelerating the 

process. Such cavities moreover afford additional 

spaces for the accumulation by a process of crustifi­

oation and crystal growth, of more ore material. 

(See oavities in the ore, Plate III. Fig. 2.) It is 

in such cavities that grovrths of polianite-pyrolusite 

orystals ocour, as well as fillings of hyalite and 

ohalo edo ny. 

(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 ore. 

These rooks have been described in the foregoing. Their 

texture may be summarised as "original cherty silica 

• u a " a fragments enclosed in manganese ore an secon rwy 

cherty// •••• 
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oherty, or ohaloedonio silica and hyalite, enclosed in 

manganese ore" respectively. 

The shales show in addition wide changes in texture, 

as uell as composition; resulting from the mineralising 

activity. On the zunyite knoll on Doornfontein near 

Lace's Goat the shnles 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 IG.ipfontein a remarkable manganese rook 

was encountered, consisting of an even intergrovrth of 

manganese ore and barytes. The superficial appearance 

is like that of a coarsely 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 af fresh or potable water are almost everywhere 

obtainable in sufficient quantity for present demands. 

The strongest supplies of water o.re obtained in the 

lower lying valleys filled vd th sand and calcareous 

tu.fa, through whioh the undergiaound drainage per­

colates. Suoh an area supplies the water for Beeshoek 

village. {map G.) 

On the higher lying dolomite area underground water 

is soaroe~, but supplies are obtainable by sinking wells 

or boring to interseot porous zones on or more usually 

ad.jaoent to dolerite dykes, vrhioh aot as underground 

barriers or channels, depending on the extent of 

weathering of the rook. (Chapter II. B.6.a.) 

The supplies obtained in this manner are as a rule 

comparatively small and inoonstant, oonsisting 0£ local 

seepages. This difficulty is aocentuated along the 

eastern mineralised fringe of the Gamagara rand, (See map 

G.) which follows the edge of a small aoarp. 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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Legality. Nature of ~ilfater Yield per Type of 
Hole. Level. diem in pump. 

gals. 

Kapstewel • .Adjacent 
to Manga- Borehole 800 1 

nore siding. 
'i,000. 

Petrol 
engine. 

IQ.ipfontein.Near home 
on dyke. Borehole. 80' 3,000. 

Next to dyke 
on south of 
farm. Borehole. 150 1 4,000. 

Table 22. 

On Map G: 

Windpump. 

Locality. Nature of Water Yield per Type of 
Hole. Level. diem in ~. 

glass. 

On east side Bishop 
of farm. Well. s ·ooo I 

hand 
pump. 

At homestead. borehole. 100' 3;000 Windpump. 

Windpump. 

Windpwnp. 

north 
lohathla ··· 

south 

Glouoes- at old 
ter homestead. 

near rail 
junction. 

South of 
mine. 

on Beeshoek 

borehole. 100' 

well 60' 

uoll. 50' 

s;ooo 
2,000 

2;000 or 
less. handpump. 

borehole. 130'. 5;000. Windpump. 

borehole. 80' 
6 ;·ooo to petrol 

20,000 engine. 

road. borehole 120' 6000 oil en­
gine. 

near the 
poort 

Paling. homestead. 
on dyke 

homestead 
near p9"ort 

north--west 

borehole 150' 2;000 or 
less. ho.ndpump. 

well 45' 3,000 windpump. 

well 50' 1;500 

of poort borehole. 60' handpump. 

5;000 or windpump. 
less. 

Doorn- old home-
fontein. stead on dyke.well. 25' 

Beeshoek// •••• 
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Beeshoek. northvrnst 
of village borehole 100' 8,000 not in use 

south-v1Test 
of village borehole 110' 30,000 oil engine 

south-ea.st 
of village. borehole. 65' 15,000 oil 

These boreholes on Beeshook 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) Surmnary and .Acknowledgements. 

Summary. 

engine. 

Tho aren provides an ab­

sorbing geological and mineralogical study, and includes 

within its boundaries a uoalth of features of soientifio 

and eoonomio interest probably unequalled elsewhere in 

an area of similar size. Thus, in spite of the number 

of investigations already carried out, there is still 

muoh room for scientific ·enquiry, and tho preceding 

work is regarded as only another stop for1vard in the 

aocumulation of our knowledge. 

Of scientific interest is the wealth of information 

~ppertaining to the formation of the various rocks, and 

the evolution of the oomplex 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

ganese ores are of great interest, and their elucidation 

of eoonomio value, vvhile the study of -the formation 

of the associated mineral assemblage, including the 

beautiful crystals of the rare mineral 

zunyi te ,// ••••• 
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zunyite, is a study in itsolf. 

Of economic interost are tho largo aeposits of 

iron o.nd mangano se ores, which are of such basio im­

port anoe in the nations industrial eoonomy, To a 

lesser extent, tho highly aluminous shales may yet 

prove to be of value as a source of aluminium, pending 

the disoovery of a suitably cheap method of e::traction. 

In view of the many-sided appeal of the urea to 

scientists, it must be stressed that thore is much 

room for additional research along specialised lines. 

Unfortunately, in such a generru. survey as the above, 

this was not possible. For instance, much is to be lear­

ned about tho chemistry of the mineralising processes, 

especially the role plcyed by suoh elements as chlorine; 

fluorine and the sulphate radicle, an aspect which has 

been barely touched upon hero. In addition there is the 

detailed mineralogy of tho ores, o.s 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% Fe203 . 

Fig . 2 . Outcrop of Blinkklip breccia on the 
Maremane Nat·ve 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 . 
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west 

PLATE. II. 

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 . 

east . 

Fig . 2 . Plane of the Gamagara t hrust dissected 
in a transverse gully on the s . e . corner 

of Lomoteng . The plane passes immediately above 
the narrow prominent ridge of Gamagara quar tzites . 

Fig . 3 . Overturned folds in Gamagara beds on 
s , e . corner of Marthas Poort . The 

axial plane i a inclined to the east . 
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PLAT i::. III. 

Fig.l •. euthered dolom te surface, with out­
t nd ng "s ndston d ke • " ram the 

pl·ne of the G g<ra hru ton Paling. 

Fig . 2 . Chert br ocia b.ing replac d by 
mangan9se , form ng "siliceous" 

trpe of ore. 
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PLATE. IV. 

~ -- -.- --'<~• 
~~--- ~-

\ 

' . I.I,_ • . . -

Fig . l. Slicken.sides in ferruginised Gamaga­
gara grits. Small ste·p-like breaks 

indicate the· direrc·ttO'n of movement, as 
shown by the arro. 

Fig.2. Contortions 1n ferrugtnised Gamagara 
shales on southern Klipfontein. An 

assay of this ore yi'elded about 98% Fe2o3• 

Fig . 3 . A massive outcrop· of ferrugimhus· ty~e 
mang.anese· ore on Lohath1a north. The 

helmet indicates the size. 
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PLATE. V. 

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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PLATE. VI. 

Fig.l . Errat·c boulder o h rd haem' tite, 
(t"·erruginised 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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P L A T E VII •. 

Fig . l . Thin section of a ferruginised Gamagara 
shale , sho ing stell te gro,th 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, sho ing haphazard orientation of 

individual mica books . Ephesite was formerly 
termed "pink manganiferous mica" where found on 
the manganese fields. 

X 32 . ordinary light . 
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P L A T E _VIII._,_ 

Fig.l. Section of a Gamagara shale from Doornfontein, 
sho ing (bottom left) , a zoned tetrahedron of x 

zunyite with a marked cleavage and two corners trun­
cated by the secondary tetrahedron . A well-formed dia­
spore crystal (top right) sho s prism faces, a base and a 
dome . The shaly groundmass is an intergro th 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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