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a b s t r a c t .

The utratiirraohv and atructural eeolotrv of the Kuruaan area 
are described in detail. Information was obtained free surface I
mapping of about 180 square miles in four localities, undergrbuha 
observations in eight mines, and from numerous boreholes.

There is considerable variation in the thickness of the Lower 
Griquatown Stage. Many of the rock unite have restricted lateral 
extent, while others persist over the entire area. It is suggested 
that the materials constituting these formations were precipitated 
in a seriee of shallow restricted basins which erieted during 
periods of low water level, while at other times materials were 
laid down over the entire area in only slightly deeper water.

It is held that stilpnomelane, magnetite and probably also 
some of the chert were formed from materials contributed to the 
depositions! basin by fumaroles. On the other hand, carbonates 
and some silica were precipitated from materials derived from 
the weathering of older rocks. Froto-riebeckite was unevenly 
distributed and is thought to have been precipitated during 
periods of low water level when the waters had a higher sodium 
concentration.

The Lower Griquatown Stage was subjected to an older period 
of folding (pre-Loskop?) prior to the consolidation of the for­
mations. Horizontal pressure from very nearly the same direction, 
when the rocks were already lithified, resulted in further folding 
during later (post-Matsap?^ times.

Some crocidolite concentrations and areas of relative mass 
fibre enrichuent were formed as a result of redistribution along 
primary layers of th's material by plastic flow. Such movement 
of materials towards areas of ten:-ional stress in folds occurred 
mainly during the earlier but also during the later period of 
deformation.

Crocidolite only crystallized here mass fibre was subjected 
to tensional forces, provided it was also in contact with a magnetite 
layei. Most of the fibres originated during the later period of 
folding. Cone structures in crocidolite seams are thought to be 
older than the fibres and to have originated during the early folding 
of the rocks. Several asbestos deposits are described. They are 
situated in folds which in some cases appear to bo haphazardly 
distributed, iut in other instances can be related to a regional 
en echelon pattern.

After relaxation of the later (post-Matsap) stresses the 
formations in the area were subjected to a state of horizontally 
directed tension and gravity faulting occurred. Intrusion of 
basic dykes and sills took place during possibly three or four 
periods and began after at least some crocidolite had crystallized.
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A. GENERAL

Crocidolite, tke fibrous form of riebeckite, is at present o.n 
increasing demand as an industrial mineral oy both local and overseas 
consumers. The latest South African production and sales figures of 
crocidolite (Cape Blue Asbestos) derived from the Cape Province are 
as follows i-

Tear Production Local Sales Export.
Ton Ton F.O.R. Ton F.O.R.

20001bs 20001bs Value 20001 os Value

1954 28,136 1044 R118.380 24,305 R3,647.122
1956 47,688 1734 R254.146 45.103 86,633,640
1958 61,520 3685 R437.578 53,753 88,249,354
1960 66,567 2520 8244,844 72,152 810,425,520
1962 102,034 3878 R463.346 75,106 810,819,984
0.965 87,965 3632 8386,711 85.535 811,738,177
1964 92,091 1479 R154.113 97,135 812,770,140
1965 112,329 5855 8645,385 98.217 812,837,564 1

(From Minerals. 1954-1965, Department of Mines, Quarterly Information 
Circular, Rep. of S. Africa.)

Compared with other asbestiform minerals, crocidolite is charac­
terized. among other properties, by its higher tensile strength and 
superior resistance to corrosion by acids and sea water. As a result 
it is especially suitable as a component of asbestos - cement, for the 
manufacture of battery-boxes and for the marine engineering industry. 
Because of the increasing market for this material, intensive proepect- 
in« operations have been carried out in suitable areas for the purpose 
of increasing existing reserves. It became obvious at an early stage 
that an understanding of the mode of occurrence and genesis of croci­
dolite vac essential to the success of prospecting programmes. 
Contrasting opinions on the origin of crocidolite have been expressed 
by geologists engaged in the study of crocidolite over a period o' 
years and these ideas have influenced the methods employed in the

search for additional fibre.
This thesis .resents the results of investigations ce ' 

by the writer between 1956 and 1964 during which time he tively
concerned with various asbestos prospecting programmes in northern
Cape Province. During this time several previously unknown deposits 
of crocidolite were discovered and at the same time the opportunity 
was presented for studies of the stratigraphy and tectonics of the 
asbestos-bearing formations together with the relationship of these
features to the occurrence of crocidolite.

r ^ i A n M t e  or blue asbestos as it is also known, is mined
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only in the Republic of South Africa, Western Australia, Bolivia 
and Central China; of these the South African fields yield by far 
the greatest tonnage. In South Africa crocidolite occurs in banded 
ironstones and jaspers of the Transvaal System in both the Cape 
and Transvaal Provinces. In the Cape Province these rocks lie in 
a narrow north-south belt some 320 miles long extending from south 
east of the Orange River near Prieska to beyond the Cape Province 
- Botswana boundary. The Kuruman area, with which this dissertation 
is concerned, is situated approximately in the middle of this belt.
From the vicinity of Luruman a number of relatively small mines, 
exploiting deposits which seldom have a working life of more than 
10 - 20 years, produce more than half the worldfe crocidolite.

The first record of crocidolite in the Kuruman area la attributed 
to tue missionary Robert Moffat who noted the preaenca of aabeetoe- 
bearing outcrops during his travels between 1820 and 1630. By the 
tu -n of the pr« sent century croc!delits was b»ing exploited in 
primitive fashion by coloured "contract" workers who roamed the 
banded ironstone hills near Kuruman. Tnese men opened up nearly 
every outcrop showing evidence of the presence of fibre. On the 
surface most fibre occurrences were oxidised, but fresh fibre was 
frequently encountered within a few feet in a zone of ellicification.
This fresh fibre was usually again underlain by decra,posed crocidolite 
(griqualandite) below the sili^ified zone. Cobbing of the fibre seams 
was carried out manually by the .allies of the workers and the asbestos 
was then purchased by European traders who also supplied the "contractors" 
with explosives.

By the 1930 s the blue asbestos deposits were being actively 
exploited by more modern mining methods, but it was not until the 
early 1950's that asbestos mining in the Kuruman area really got 
unaer way. A considerable contribution to the knowledge of the 
distribution of crocidolite in the Northern Cape was made around 
1930 by H. Pascoe then Mining Engineer and Manager of the Griqua- 
land Exploration and Finance Co. Ltd Ho realised that asbestos 
concentrations occurred in folds and that ore bodies w#re often 
super-imposed above one another. Pascoe was also the first to 
explore the banded ironstones below outcropping fibre seams by means 
of pei :ussion drilling. As a result of his work it became possible 
to extend the operations of the Bretby Mine below the workings in 
existence in 1939 and subsequently new ore bodies^ such as at Ririec 
and White Rock, wen Useoverd. These three mines are still in 
production.

At present 19 asbestos producing mines are operating in the 
Kuruman District, all situated between the village of Danielskuil 
in the south and the trading post Tsineng in the north. The writer



has examined 12 of these mines, 8 in detail. A further 9 mines in 
the area are closed down either temporarily or because deposits of 
fibre have been exhausted. Several new deposits are known, but are 
not yet being exploited.

For descriptive purposes four separate areas evenly distributed 
over the district were selected for detailed investigation of the 
asbestos-bearing horizons of the Kuruman area. These areas are shown 
in Plate I.

Included in the meat southerly area mapped are the following 
mines, some of which are described in this thesis 
Kllpvlei 7 miles noith of Daniel skull - defunct.
Emmarentla 13 miles north we.t of Danielskuil - producing.
Krantskloof 14 miles north west of Danielmkuil - producing.
Noordhoek 15 miles north of Danielmkuil - operations bust ended.

Farther north, the Grayling and Bretby Mine* are situated 38 
and 32 miler south of Kuruman respectively, doth these mines are 
operating and are described in detail in this theeie. A few miles 
east of the abovementloned properties are the mines Burly and Noupoort 
which are no longer operating.

Between 20 and 25 miles south of Kuruman are the mines Newstead 
and Mansfield, which have both been worked out. In the same vicinity, 
on the farms Bos rand and Strelley, new mines p. re being developed.
Three miles north of the latter is Langley, another defunct mine.
Asbes Mine, which will be referred to later, and Heartlands Mine 
are situated 9 and 6 miles west of Kuruman respectively.

Between 2 miles and 6 miles north of Asbes Mine, the following 
mines, which have not been examined, are fouao
Vhitebank, Kuruman East, Bttrick, Depression, Exit A and Vhitebank 
Mill. Situated between 20 and 26 miles north of Kuruman are the 
operating mines Riries, White Rock and Mt. Vera, which are described 
in this thesis. Oreadia and Sardinia, also in this area,are now 
closed down.

About i mile immediately north of Mount Vera Mine, is the 
operating England Mine. Approximately b miles north of Mount Vera 
Mine are the operating mines Eldoret and Core tel South. These mines 
are not described in this thesis.



B. LOCATION.

The area discussed in this thesis is referred to as the Kurujtan 
area and is underlain by the generally west-dipping formations of the 
Lower Griqoatown Stage between the village of Danielskuil, 56 miles 
south of Kurunan, and the village of Tsineng* 38 miles north of Kuruaan

The nearest larger towns to Kuruman are Kimberley, 145 miles to 
the south east, and Vryburg, 90 miles to the north west, both in the 
Cape Province of the Republic of South Africa. The Kalahari desert 
extends west and north of Kuruman.

The four separate areas capped coilrutiveiy are bounded on tht 
east and west by meridans 23° 33* east and 23° 12' east respectively 
and on the north and south parallels of latitude 28° 12' south and 
27C 15* south respectively,

C. PREVIOUS WORK.

The presence of asbestos in the Northern Cape was mentioned in 
the accounts of Burchell. Lichtenstein and Moffat during the early 
19th century; these are referred to by Rogers (1907 p. 6-7 and 64-65).

Klaproth (1815) gave a short description of non-fibrous mas live 
blue material collected by Lichtenstein near the Orange Rivor und 
proposed the name "Blau Eieenstein" for this material. Hauemann and 
Stromeyer (l83i) described a blue fibrous mineral from the Cape, of 
similar chemical composition to Klaproth s "Blau Bisenstein". They 
named this material Krokydolith, (derived from Greek and meaning 
fluffy or woolly stone.)

The general stratigraphy, i.e. succession of the asbestos hills, 
was established by Stow (1874). Rogers (1967) mapped the area and 
upheld Stow'a findings in general, but proved that the "Amygdaloidml 
Rocks of Pmel" or Ventersdorp Lavas, are not the same as the Ongeluk 
Volcanics of the Middle Griquatowi Stage. Rogers produced a sap on 
a scale of 1:238,000 which today is still the only published map of

* e • •

the area north of Kuruman.

Hall (1918 and 1930) described some of the geology of the area, 
but more particularly investigated crocidolite deposit. fmter ±t £l 
(1938) mapped the south western part of the area and described the 
regional geology. Vlsser (1944, 1957) investigated the southern and 
south western portions of the Kuruman area and established that the 
Lower Grlquatown Stage in the Northern Cape had teen subjected to pre- 
Loskop and post-Katsap periods of deformation. In view of Vioser e 
findings the writer assumes that the older (mild) and younger folds 
recognized in the Kuruman area are respectively of pre-Loskop and
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poat-Matsap age. More work, particularly on the crocidollte deposits 
was done by du Toit (1945).

Gilliere (l9bl), Genie (l96l) and Cilliera and Genia (1964) made 
a study of crocidollte and associated rocks of the Northern Cape as a 
whole, but did not examine the Kuruman area in detail.

The area nortn of Kuruman has been mapped by 3.3. de Villiera, 
L.H.J. Sngelbrecht and E PR. D-ewis, members of the Geological 
Survey of S A , during the period 1998 - 1961. Their maps have not 
been published to date.

Sngelbrecht (1962) and Von Backstrom (1963) described various 
marker horizons and features of the banded Ironstone formatlone.

Considering the origin of crocidollte. Peacock (1928) and Hall 
(1918,1930) envisaged the fibrss to have crystallised as a result of 
a kind of "load metamorphism" after the sediments had been V riod.

Truter &t §1 (1938), Vieaer (1944) and du Toit (1945) were 
convinced that the fibres had crystallized during a period, or 
periods,of folding. Jilliers (1961), Genis (l96l) and Cilliera and 
v»enis (1964) concluded that proto-asbestos had been concentrated in 
the earlier pre-Loskop folds, but that the actual transformation to 
crocidollte was completely unrelated to folding of any kind.

writer's work was carried out concurrently with, but 
independe tly of a study made by Hanekom (1966), who described the 
asbestos deposits of the Northern Cape as a whole, hanekom is of the 
opinion that crocidollte originated as a direct result of the various 

periods of deformation.

D. TOPOGRAPHY AND VEGETATION.

The eastern flank of the Dlmoten Syncline (Plate I) which trenas 
in a north-south direction past Danielekuil and Kuruman forms a pro­
minent range of hills known as the Asbestos Hills or Kuruman Hills. 
Locally this range is also called "Die Rooiterge". The highest point 
at Gf.karusa Hill, about half-way between Danielskuil and Kuruman, is 
shown on Plate I. Gakarusa Hill is the highest point for over 300 
miles in any direction and the elevation of the beacon at Gakarusa 
is given as 6.986 above sea level. About 12 miles north of Daniels- 
kuil the farm Highlands (Plate II) lies at an elevation of 5,993' 
above sea level. The highest point near Kuruman is about 10 miles 
south east on the farm Woodstock (Plat. III), where the elevation 
of Chee Beacon is given as 5,800 above sea level. Farther north 
only Gomahaan (5.227 ) is over 5,000" high. About 10 miles north 
of Kuruman the hills gradually decrease in height, until they 
eventually completely disappear below the Kalahar- Sand at an



elevation of approximately 4,0C0* above sea level.

To the east of the Asbestos Hills lies the extensive Qhaap 
dolomite plateau at an elevation of about 400' - 700' below the 
highest point of the hills.

The Asbeetrs Hills are transected by valleys which trend between 
north-east to south-west and north-west to south-east. Duplication 
of the ranges, due to extensive faulting, is frequent almost every­
where. To the west the hills invariably have gentle Slopes very 
close to, or corresponding with, the low angles of dip of the strata.
The slopes on the east side of the hills or along the cross-cutting 
valleys are much steeper and rubble - covered along the lower parts.
Such transverse valleys often have a character):tic D-shape which 
may have been caused by glaciers of the Dwyka pt.-iod, as mentioned 
by (Truter at al_ 1938,p.13-14).

All valleys are partly filled with sand and rubble and the more 
prominent of these usually concsal one or skxi faults. Tie smaller 
transverse valleys invariably follow the regional Joint directions.
Hills built of the relatively softer banded ironstones sho" a 
characteristic rounded outline; but a flat-topped type of hill is 
associated with the more resistant Jasper Substago, which forms the 
greater part of the hills.

Where the transverse valleys and "kloofs" cut into the more 
prominent hills, the sides of such valleys era very steep and 
"krantses" of between 20' and 30' high are commonly seen.

In the area between Danielskull in the south and the farm Bretby 
farther north, the hills and wide vnprotected valleys are mainly 
grass covered, with sparse bushes and small trees. The more protected 
transverse valleys harbour a greater variety of dense shrub and trees. 
Farther north trees and shrub gradually become more common on the hllle.

In the south the shrubs and trees mainly consist of vaalbos 
(Tarchonanthus Camphoratus), ouurkarree (Rhus Cilliata), soetdoring 
(Acacia Karroo) and trassiebos (Acacia Hebeclada). To the north this 
vegetation changes to wilde granaat (Henax), ghwarriebos (Buclea Criapa) 
rosyntjiebos (Grewia Flava), kaoeeldoring (Acacia Oiraffae), witgat 
(Boscia Albitrunca) and swarthaak (Acacia Mellifera).

In the northern ha f of the area described,prominent linear 
concentration of trees and shrubs, especially kameeldoring, indicate 
the presence of basic dykes which are never observed in outcrop.



s. CLIMATE. RAINFALL & DRAINAGE.

The area has a seal-arid climate. Temperatures may vary from 
80 y to below freezing within a day. The summers are hot and 
temperatures of well over 100°F may be reached in the northern 
portion of the area. Light frost may occur even durinp summer 
especially in the Dan_elskull area where the temperature is 
generally 5 to 10° lower than from Kuruman northwards. During 
the period July to November the higher ground, particularly in the 
south, is subject to strong winds from the west.

Rain, usually as sudden thundershowers, falls during the mummer 
months, though some winter rain is almost a regular occurrence. The 
average rainfall is about 15" per annum, but may vary tremendously.

The area is drained by the Gamagara Loop In the west and the 
Kuruman River on the east, both rivers flow northwards to their 
confluence at Lower Dikathlong. Rainwater is so rapidly absorbed 
that there is virtually no surface run-off$ consequently the rivers 
rarely flow and then only for short distances during very heavy 
down-pours in their Immediate vicinity.



II. GEOLOGY.

A . GENERAL STRATIGRAFHI,

Apart from the basic intrusions only rocks of the Transvaal 
System are present in the areas discussed in this thesis. The main 
basin occupied by thes$ formations embraces the greater part of the 
Transvaal, stretching from the Transvaal Drakensberg westwards to 
Lobatei in Botswana. In the Cape Province these rooks stretch from 
Prieska northwards to the Botswana boundary,

The banded ironstone formations of the Transvaal System, with 
which this work is mainly concerned, outcrop intermittently in the 
Transvaal, but in the Northern Cape occur continuously in a 320 mile 
long arc, stretching from Prieska in the south past Griquatown and 
Kuruman to the Botswana boundary in the north.

The following stratigraphic column shows the classification of 
the geological formations in the Kuruman and aurroi nding areas according
to du Toit (1954)and Cilliers (1961,p.10)

Tertiary and recent deposits-

Karroo System
Vaterberg System (Matsap 

Formation)

Loskop System(Gamagara
Formation)

Transvaal Systam-Pretoria 
Series

Dolomite Series

Black Reef Jeries

Igneous Intrusions

-Dwyka Series

-Upper Matsap 
-Lower Matsap

-Upper Griquatown 
Stage

-Middle Griquatown 
Stage

•Lower Griquatown 
Stage

-Sand.
Laterite.
Aluvium.
Calcrete.
Gravel and rubble. 

-Tillite and shale.

-Quarts!te.grit.
-Andes!tic lava.
-Quarteite, 
conglomerate 
and shale.
Basal conglomerate 
and quarteite.

-Banded ironstone, 
jasper, chert, 
limestone,shale, 
quarUite A lave.

-Andeeltic lava 
with interbedded 
tuff and jasper.

-Banded Ironstone, 
jasper,mudstone, 
shale,quartette, 
limestone and 
tillite.

-Dolomltic lime­
stone, chert 
and shale.
-Quartette,shale, 
lava and 
conglomerate.

-Kimberlite.
Dolerite.
Diabase.



B. THE TRANSVAAL SYSTEM

Broad correlation of the major units of the Transvaal System in 
the Northern Cape and Transvaal presente no major difficulties despite 
11thologic differences between several rock types. Cilliers (1961,p.
ll) has, however, drawn attention to certain inconsistencies concerning 
the relative ecratigraphic positions of the banded ironstone and tiilite 
horizons of the two areas. He pointed out that the banded ironstones 
above the dolomite horizon in the Transvaal are i.-eluded in the Dolomite 
Series, while in the Cape they are assigned to the lower Griquatown 
Stage, although occurring in the same stratigraphical position in both 
areas.

In the Cape Province the tiilite ov< flying banded ironstones is 
regarded as a eubstage of the Lower Griquatown Stage. The latter is 
in turn correlated with the Timeball Hill Stage of the Pretoria Seriaa 
in the Transvaal. The tiilite is also developed in the Transvaal but 
is included in the Daspoort Stage, the equivalent of which in the Cape 
is the Middle Griquatown Stage.

The author is aware of a tentative new classification of the 
Transvaal System In the Northern Cape, as published in Lithos (Journal 
of the South African Society of Geology and Mining Students,1966, p.10)
whereby the banded ironstones are included in the Dolomite
Series. From certain Investigations now being undertaken in the
Postoasburg-Ollfantshoek Siehen area (Quarterly News of the Geological 
Survey of S. Afr. 1966,p.12) it also appears that the Gamagara Formation 
is older than the Losko* Formation with which it hitherto had been 
correlated. The Gamagara Formation is now regarded as being younger 
than the Lower Griquatown Stage, but older than the tiilite. However, 
since the new classification has to date not officially been adopted, 
the old classification will be adhered to for the purpose of this thesis. 
The formations of the Black Reef Series are not exposed in the areas 
discussed in this thesis.

1. The Dolomite Series ,

Rocks of the Dolomite Series are rarely exposed in the areas 
described. Toenc (1961,p.86) has described the rocks of the Dolomite 
Series in the Northern Cape in some detail and concluded that the 
Series reached a thickness of between 10,000* and 14,000' in the 
Northern Cape. The main rock type making up the Dolomite Series is 
a massive, fine grained, blue grey dolomitlc limestone with intercal­
ated chert bands. In the upper 4.000* of the succession lenses of 
relatively pure limestone are present and in this respect the Dolomite 
Series differs from its counterpart in the Transvaal.



IFbuatos-bearing 
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2. The Pretoria Series.
The Lower Oriauatown Stap*.

». General - North of Danielslrull the rocks of the Lower Orlquatown 
Stage have been folded into the 25 mile wide Dinoten Syncline, the 
eastern limb of which continues beyond Kuruman, while the western 
limb terminates due west of Kuruman where it is covered by sand. 
(Plrte I.) All the areas dealt with in this thesis are situated on 
the eastern limb of this syncline. South of Danielskuil a similar 
structure, the Ongeluk-Witwater Syncline, is developed.

The southern part of the area discussed in this thesis was 
mapped and described by Truter et al (1938) and by Visser (1944), 
more recently Genis (l96l) and Ciiliers (l96l) also discussed the 
general stratigraphy of the Lower Griquatown Stage in the Kuruman 
area, while de Villiers (l96l) described the stratigraphy of that 
portion north of Kuruman in somewhat more detail.

Truter £t al (1938,p.18-19) subdivided the Lower Griquatown 
Stage into three zones and estimated their thickness as follows z- 
A Banded Ironstone Zone 1,000' thick, a Jasper Zone 1,500* thick 
and a Tillite Zone 50' thick. The zones have mince been called 
substages by de Villiers (1961, p 65), who thought that the Banded 
Ironstone Substage varied from 700' to 900', the Jasper Substage 
from 750' to 1,000' and the Tillite Substage from 50" to 120'. 
Genia(l961,p.55) estimated the Lower Griquatown Stage to be about 
2,700* thick, but added that this figure might be subject to large 
error.

As a result of detailed mapping and considerable borehole
information, it has now been established that there is great
variation in the thickness of the substagee across the Kurmman 
area. The Banded Ironstone Substage varies in thickness from 
440' to 930', the Jasper Substage from 570' to 760*, and the 
Tillite Substage is about 120' thick in the Danielskuil area, but 
according to Mr. P. Smit of the Geological Survey, may reach a 
thickness of 300' north of Kuruman. See Table I.

Because the formations of the Lower Griquatown Stage in the

Kuruman area generally dip to the west the rocks of the Banded 
Ironstone Substage normally outcrop alorgthe eastern slopes of 
the hills. This substage is made up of a Transition Zone at the 
bottom, followed by normal banded ironstone, which is in turn over- 
lain by a pinching and swelling assemblage of banded ironstone 
materials which nearly always forms prominent outcrops and is 
known as the Main Marker Bed. Members of the Geological Survey 
of South Africa, de Villiers (l96l), Engelbrecht (1962) and 
Hanekom (1966) include the Main Marker in the Jasper Substage.
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The contact between normal banded ironstone and the Main Marker la 
generally gradational, rarely exposed to the surface and difficult 
to determine even in good exposu , while the upper contact of the 
M a m  Marker Bed is invariably sharp and in most instances exposed in 
outcrops. Furthermore, as will be discussed when the origin of these 
formations is considered ( page ̂ 8 ), the Main Marker is regarded as 
having been deposited at the close of the period of banded ironstone 
deposition, after which the sediments were subject to subaerial 
exposure before the materials of the succeeding layers were laid down. 
The writer is therefore of the opinion that this assemblage should be 
included in the Banded Ironstone Substage. This Substage is b»st 
developed in the Mt. Vera - Riries area (Plate V), where it is 930' 
thick. On the farm Asbes (Plate IV) the thicKness was measured as 
850'. On the farm Woodstock (Plate IV), to the south east of Asbes, 
the thickness was measured on outcrops mapped on the far eastern 
range of hills and found to be about 650'. On the farm Bretby 
(Plate Illy a borehole intersection gave this thickness as 650', 
while it is only 500' at Cakarusa beacon (Plate l) some six miles 
to the south east of Bretby. Due west (downdip) of this beacon at 
the Grayling Mine (Plate III) this thickness increases to 810'.
Farther south at the Bmmerentia Mine (Plate II) borehole information 
indicates that it is 530' thick. On the farm Beadiespoat near 
Danielskui1 it is only 440' +hlck» if a 70* thick basic sill is not 
taken into account.

The Banded Ironstone Suostage is therefore very thin near 
Danielskuil in the south and along the eastern margin of the area*
It gradually increases in thickness towards Kuruman and beyond, with 
a local thickening in the vicinity of the Grayling Mine. This 
variation in thickness of the Banded Ironstone Substage from place to 
place in the Kuruman area is clearly illustrated in the stratigraphic 
column (Plate VI).

The lateral extent of individual layers or bands in the banded 
ironstone succession is subject to considerable variation. The 
assemblage of bands known as the Main Marker, (described on page36 ), 
at the top of the Banded Ironstone Substa#;e, is continuous over the 
entire Kuruman area. Layers about 2" to 12" thick, e.g. the Second 
Lower Stilpnomelane band between the Asbes. Riries, and Mt. Vera Mines, 
have a lateral extent of at least 18 miles, while similar bands only 
20' higher or lower in the succession cannot be followed from one mine 
to the next.

This is in accordance with Cilliers' (l96i,p.45) observations 
that some bands not more than 2 millimetres thick can be traced for 
over 20 wiles in the Koegis-Prieska area, but in other instances n 
lateral facies cha ige may take place over a short distance.



b. Lithology of the Banded Ironstone Substage. -

i) The TransVtion Zona $- The change from massive dolomite with 
intercalated chert to banded, ironstone taken place over an approx­
imate vertical thickness of between 40' and 90', Whe j outcropping, 
the rocke of this zone are silicified and completely different from 
their unweathered equivalents. Completely fresh rocks of this zone 
were available to the writer only in percussion boreholes from the 
southern part of the Kuruman area and their mineralogy was not 
studied in any detail. The unweathered transition rocks normally 
consist of alternating assemblages of dolomite, cherty dolomite, 
banded ironstone, blacc carbonaceous shale with pyrite, stilpnomelane 
layers also rich in pyrite, chert and brown scales. In each case the 
various layers have sharp contacts with one another. In local areas 
only black carbonaceous shale, cherty dolomite and banded ironstone, 
all containing pyrite, may be present. When observed in outcrops
the banded ironstones generally become more cherty us the massive
dolomite is approached. Toene (1961,p.62-64) described the transition 
rocks as seen in the core from a borehole south of Danielskuil, where 
bands of black shaly limestone, rich ' carbon and pyrite, alternate 
with chert. These pass upwards into alternating zones of cherty 
dolomite cherty banded ironstone and eventually banded ironstone.

ii) The Banded Ironstones aa) - General :- Outcrops of these rocks
were described by Truter et al (1938,p.19), who state t- "The iron­
stones are extremely hard and b.lttle, massive to fissile rocks, 
coloured yellow brown, black, red or blue. They are conspicuouoly 
banded and evenly bedded and may be split into slabs of any desired 
thickness."

The outcropping banded ironstone^, when examined in hand specimens, 
consist of light grey and white chert ..ayers alternating with grey to 
black iron oxide bands and very fine grained eilicious layers of various 
shades of brown and yellow. These rocks are the silicified, oxidised and
leached equivalents of the very different looking unweathered rocks 
which have only become available for study in recant years. These 
unaltered rockb also contain light grey to white chert layers, but 
the iron oxide bands consist of magnetite only. The yellow and brown 
eilicious layers, so typical of the surface rocks, are seen to be the 
equivalent of brown, black, grey, green or blue bands composed of 
stilpnomelane, minnesotaite, carbonate, riebeckite, and mixtures of 
these minerals. Freeh banded ironstone was described in considerable 
detail by Cilliers and Genis (1964,p.551-555), who also recorded the 
presence of such minerals as prieskaite, chlorite and actinolite as 
minor constituents of the banded ironstone.



Typical features of unweathered banded ironstones are listed below:
1. The complete absence of recognisable detrital minerals.
2. The invariable presence of magnetite and chert.
3. The occurrence in alternating bands of relatively few minerals,
namely pure chert, carbonates, magnetite, "tilpnomelane, minnesotaite, 
riebeckite or mixtures of these minerals.
4. The laminated nature of the rocks caused by sharp contacts 
between individual bands.

5. The constant :aineraloglcal composition in any one layer which 
changes completely from one band to the next.
6. The banding which ranges in thickness from mere films to 6" or
more.

7. The grouping of comparatively thicker bands (l" - 3") and thinner 
bands in alternating zones each several feet thick.

When a succession of banded ironstone in any particular area is 
observed as a whole it may be seen that the colour varies from light 
grey, green grey, grey, medium grey to dark, depending upon which 
mineral predominates. However, the colour of individual bands may 
be completely different to that of the particular zone. It was found 
that the banded ironstones occurring in the Asbes line - Mt. Vera Mine 
area tended to be much darker in colour than in the area north of 
Danielskuil, due almost entirely to the increase of the stilpnomelaae 
content of the rocks. In the latter area, banded ironstones which are 
grey green due to the presence of minnesotaite are more common. About 
50 miles north of Kuruman, outside the area described in tnia thesis, 
it was observed from numerous boreholes that the banded ironstones have 
a very light grey colour and consist pre-dominantly of chert and 
carbonates with a little magnetite and minnesotaite. Although the 
banded Ironstones may be darker or lighter in colour over any of these 
areas when seen as a whole, local colour variations within such an 
area may occur laterally over distances of a few hundred feet.

bb) Weathering.

Weathered rocks were not examined under the microscope. Only 
in rare cases can distinctive layers in underground workings be 
recognized on surface, as the weathered rocks are entirely different 
in both texture and colour to that seen in the equivalent fresh 
formations.

Du Toit (1945,p.165-167) recognized a silicified-,leached-, and 
fresh zone in the Lower Qriqnatown formations. The silicified zone, 
well developed in the Prieska area to the south, is usually only tens 

feet thick in the Kuruman area. The leached zone is comprised of 
weathered rock situated betweei the silicified zone and the fresh zone.



or according to Ciliiers (1961,p.17) between the eiliclfied zone and 
the permanent water table. The eiliclfied and leached zonee grouped 
together are known as the weathered zone.

In the Kuruman area the thickness of the weathered zone may vary 
from 30' to 650'. On average the depth of weathering is between 220' 
and 280' and in most cases appears to be related to the present 
topography of the area.

At the Bretby Mine weathering extends for only 40' below surface, 
firstly because the mine is situatea on a watershed and secondly due 
to the protection offered by an overlying basic sill. On the farm 
Woodstock (Piute IV), in very fractured rock, weathering was observed 
down to 650' below surface.

In the area surrounding the White Rock Mine several hundred feet 
of weathered rock is seen "o lie below the present water table, which 
is encountered at about 250' below "urface. It is thought that this 
weathering may have occurred during an earlier (pre-Karroo) period.
The Weathered Zone is much thicker on the more precipitous and exposed 
eastern slopes of the hills than on the western more gently dipping 
slopes.

cc. Mineralogy of the banded ironstones.

In the fresh rocks the same assemblages of the relatively few 
minerals listed on page 12 occur with monotonous regularity. Toeee
minerals build up both the Jasper and Banded Ironstone Substages and 
are characteristic of iron-formations the world over.

As most of the minerals present vary in size between 1 and 7 
microns, it was in most cases necessary to supplement identifications 
made microscopically with X-ray dlffra-tion methods. Carbonates were 
identified by a quick staining technique used by Warns (1962,p.32-34,. 
After staining, these minerals were easily identifiable and could be 
more or lose correlated with thin sections previously cut from the 

same specimens.

The characteristic features of the constituent minerals of the 
unweathered banded ironstones from the Kuruman area are set out below:-

Chert - In the Kuruman area chert layers are composed of micro­
crystalline non-clastic quartz forming a mosaic of interlocking grain, 
which vary in size from one band to the next. The ter- chert is used 
by Ciliiers (1961,p.19) and recent authors in ^pers describing banded 
Ironstone formations in this sense; but-ch.rt- as used by Rice (1961, 
p.17) differs in that such bands should also contain opal and chalcedony



Figure 1.
Micrograph showing quartz crystals, (pale grey) with their c - axes 
at right angles to a magnetite band. The quartz in surrounded by 
crystals of minnesotaite and carbonate.

Crossed nicols, X 37i» Fourth Lower Zone, Riries Mine.

Figure 2.
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In the chert specimens examined the quart* grains vary in diameter 
from 0.007mm to 0.02mm with an average ale of about 0.01mm. Compara­
tively coarse grained bands are occasionally present in relatively 
intensely folded areas. Such bands axe usually lenticular and may have 
quartz grains with a diameter of up to 0.15mm. No relationship between 
grain size of quarts ai«l its stratigraphical position in the banded 
ironstones of the Kuruman area was found.

Cilliers 11961,p.37), on the other hand, describing the chert bands 
in the Lower Banded Ironstone Beds of the Prieska area, found a progress­
ive increase in grain size of the quartz with depth. The average 
diameter of the quartz grains in the upper portion of these beda Is of 
the order of I.05mm and 0.8mm near the bottom. Apart from an isolated 
occurrence he found no preferred orientation of the quartz grains anywhere 
in the Prieska area. La Berge (l964,p.l322) in his description of the 
iron formations of the Lake Superior Region mentions that the average 
grain size for quartz varies between 0.006mm and about 0.05mm.

Specimens from the Riries and Mt. Vera Mines often contain layers 
in which elongated grains orientated parallel to each other are in 
partial optical continuity. These quartz grains are usually, but not 
necessarily, orientated from magnetite bands. (Figures 1 and 2). In 
the Leke Superior area, La Berge (1964) also found that much of the 
chert, filling the interstices in the magnetite layers occurs as minute 
crystals orientated perpendicular to the crystal faces of magnetite, 
and interprets thi' phenomena to be a result of quart* having grown 
into "open" spaces.

Pabst (1931,p.55-70) found a similar relationship in quart* grains 
extending from the edges of pyrite porphyroblaets in the Calveras 
formation in California. He suggested that what he called "pressure 
shadows", could have originated if the quartz crystals grew in a small 
crevice that was being opened up at a rate which was less than the 
minimum growth rate of the grains. The cavity would then be filled 
by a fibrous aggregate, not necessarily in crystallographic orientation.

The possibility that the mineral grains may have been re-orientated 
as a result of having been subjected to stress cannot be ruled out, since 
parallel orientated quartz crystals r-'re only found in the more strongly 
deformed banded Ironstones of the northern part of the Kuruman area.

Kamb (1959,p.153) applied the thermodynamic theory of equilibrium 
under non-nydrost.tic stress, as developed by J. Gibbs in 1906, to 
linear elastic crystals under infiniteemial strain. He found that when 
re-crystallization takes place by solution and re-deposition the strongest 
axis (c - axis in quart*) tends to align itself perpendicular to the 
greatest principal pressure axis.

The occurrence of minerals showing preferred orientation in seta-



Figure 5.

Micrograph of a stilpnomelane-quartz-carbonate-magnetite-layer 
with cross-cutting magnetite veinlets (left). Other veinlets 
are composed of riebeckite-magnetite.

Ordinary light, X 150. Fourth Lower Zone, Riries Mine.
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morphic rocks was discussed in great detail by Turner and Verhoogen 
(l960,p.6ll-'620). Concerning growth of competing crystals in an 
anisotropic medium they state that it involves a great many factors 
and with experimentally determined data, which in very inadequate, 
they can only predict the effects of indirect componental movements 
in rock deformation in the most generalized manner., They suggest 
that during re-crystallization of a stressed monomlneralic aggregate, 
solution of highly stressed grains or portions of grains presumably 
is accompanied by re-crystallization of new material either as out­
growths from less stressed portions of grains or as new crystals in 
intergranular cavities.

Pitcher and Plinn (1965,p.65-66) when discussing thermodynamically 
stable preferred orientations in minerals. mention that it seems to be 
generally agreed that crystals lattices have a tendency to be orientated 
in a non-hydrostatic stress field so that their axes of maximum 
compressibility are parallel to the direction of maximum compressive 
stress. They indicate possible mechanisms of re-orientation as 
mylonitization, nucleation and re-crystallization. They further state 
that, in the case of low quart*, the directions of maximum compliance 
are inclined at more than 45° to the c - axes and maximum stability 
in the crystals would be obtained when the c - axes were normal to 
the maximum compressive stress. The directions of greatest linear 
compressibility would be parallel to the maximum compressive stress.

In view of the above findings, the elongated quartz grains from 
Kuruman may well have formed during the relatively strong period of 
horizontally directed post Matsap folding. Figs* 1 and 2 clearly show 
quartz crystals orientated at steep angles or being approximately 
vertical to the bedding.

Magnetite - The only iron oxide identified in the unweathered rocks 
was magnetite. It invariably occurs as perfect euhedral octahedra, 
in both layers and disseminated grains and is often present as 
complex intergrown crystals forming a more or less interconnected 
framework within a particular layer.

In the Kuruman area a variation in grain size of between 0.004mm 
and 0.02mm is normal, though scattered crystals of up to 0.08mm are 
also present, la Berge (1964,p.1322) found a variation In the grain 
size of this mineral of between 0.001mm and 0.01mm in the iron 
formations of the Lake Superior area.

Small tranagressive veinleta of magnetite are sometimes seen 
(Fig. 3)8 further evidence that at least some magnetite crystallized 
after the deposition of the Lower Criquatown Stage is provided by 
magnetite porphyroblaots cutting through oolites I Fig. do).



li«rs (l961,p.38) observed that when both minerals are present 
p bole needles invariably radiate from the magnetite crystals and 

concluded that therefommagnetite was the earlier mineral. Such 
relationships are often seen in the rocks of the Kuruman area. Genis 
(1961,p.40) identified maghemite (tf - F e ^ )  in addition to magnetite 
in rocks of the Lower Griquatown Stage. This mineral appears similar 
to magnetite in polished section and also has an X-ra, diffraction 
pattern that is much the same.

That tne rocks generally, and certain layers in particular, contain 
considerably more magnetite on the margins of some asbestos deposits 
than within them is suggested by observations i . the White Hock and 
Asbes Mines (pages 115 and 104) and also from various boreholes drilled 
on the farm Riries. This phenomenon is easily observed with ti.s naked 
eye as one approaches the edge of an asbestos deposit going outwards.
In the Asbes Mine an increase from about 15# to an estimated 40# 
magnetite, in a 2' thick group of bands, over a distance of 30’ was 
established. Nowhere could the entire margin of such asbestos deposits 
be followed on account of insufficient underground access or an inadequate 
number of boreholes. It is therefore not established whether such 
magnetite "haloes" completely encircle these deposits; it is also not 
known whether this magnetite enriched zone is in turn surrounded by an 
area relatively poor in magnetite. Boreholes drilled some distance 
a*ay from these mines do not show lesser concentrations of magnetite 
in the same zone of banded ironstones. Asbestos deposits of the 
Mt. Vera, Grayling and Bretby Mines do not have a magnetite-rich 
selvage.

Carbonate - The carbonates are present as fine interlocking grains, 
usually in layers composed of a mixture of carbonate and other minerals. 
Bands consisting entirely of carbonate are not common, although 
carbonates are one of the major constituents of the banded ironstones. 
Carbonate-rich layers are generally microcrystalline to cryptocrystalline 
and semi-opaque; individually recogn zable grains vary ir size from 
0.003mm to 0.02mm, with an average site of 0.007mm. In addition, large 
carbonate rhombs, usually disseminated but sometimes distributed in 
bands, are present in nearly all thin sections studied. They vary in 
size from 0.04mm to 0.5mm, such rhombs were also described by Cilliers 
(1961,p.38) from the Prieska area.

No chemical analyses were carried out. Staining tests on a number 
of specimens indicated the presence of magnesite, dolomite, ferrodolomite, 
calcite, ankerite and siderite. Generally individual layers consist of 
one type of carbonate only, although younger porphyroblaats of different 
composition are present in some layers. There is no relationship 
between the composition of the carbonate and the stratlgraphlcal
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position from which it was obtained. A similar observation was made 
by Cllliers (l96l) in the banded ironatones of the Koegas - Prieska 
area. Dolomite, ferrodolomite and ankarite are the more common 
carbonates present, while magnesite, aid.rite and c.lcite are found 
in lesser but more or less equal proportions.

In a specimen from the Grayling Mine crystals forming a layer 
of rhombokedral dolomite were found to lie in partial optical continuity. 
In layers composed of "tne grained carbonate and magnetite the carbonate 
is usually ferrodolomite. Siderite is fairly common and its distribution 
appears in no way to be affected by tectonic structures. Ankerite is 
typically found above or below stilpnomelane layers, a phenomenon e.leo 
described by La Berge (1966 b.).

Several specimens from the Greyling Mine composed of carbonate, 
riebeckite "tufts" and quartz were examined under th<* microscope.
(Pig, 4) In these, fine grained carbonate and layers of subhedral 
carbonate rhombs are penetrated by riebeckite crystals while the larger 
euhedral rhombs apparently have riebeokite growing from them. Genie 
(1961,Piste XV) also observed the latter relationship and thought that 
such riebeckite crystals grew preferentially from the carbonate rhombs. 
That this is not necessarily the case is indicated by the fact that, 
in the case of the Greyling Mine specimens the carbonate being penetrated 
is dolomite, while the rhombs were identified as ferrodolomite. When 
examined more closely it also appears that the ferrodolomite rhombs 
have not acted as nuclei but disturbed and pushed the riebeckite "tufts" 
apart. This indicates that the two types of carbonate crystallised 
during separate periods.

Not only in the Greyling Mine but. all over the area, large 
carbonate rhombs often have a composition different from the surrounding 
cryptocrystalline carbonate. It is therefore equally possible that the 
carbonate observed by Genia crystallized later than riebeckite. In the 
luruman area no definite relationship between the quantity of large 
carbonate rhombs and depth below the weathered zone was proved, although 
it would appear that in some mines the large Hinmbs in the banded iron­
stone become less common with increasing depth below the surface.

In the Prieska area, Cillier.s (1961,p.38) observed that the large 
carbonate rhombs commonly contain, generally in the centre of the crystal, 
grains of quartz identical with those in the chert bands in which they 
occur. Associated with the quartz inclusions are all the accessory 
minerals normally seen in the surrounding chert. Where amphibole 
needles occur in the latter, they are also present in the core of quarts 
grains within the carbonate crystals, but generally do not penetrate 
the carbonate crystals. This observation also confirms the view that 
the larger carbonate rhombs probably crystallized later than riebeckite, 
and that there are at least two ages of carbonate in the banded ironstones.



Figure 5* (light grey) orientated

X 15. sec, Lower Zone. Amy's Hope.

I

Figure 6.
Micrograph showing crystals of minnesotaite, orientated in lattice- 
like fashion and set in a quartz matrix.
Crossed nicols, X 150. Fourth Lower Zone, Mt. Vera Mine.
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Minnesotait^ - Minute flakes of this mineral, varying in size from
0.003mm to 0.007mm, occur in the banded Ironstones, being particularly 
common -n chert bands. The characteristic green-grey colour of 
minnesotai te-rich cherts is mere often seen in those cherts intersected 
in boreholes placed adjacent to, but outside, areas of riebeckite 
enrichment.

Occasional large recrystallized minnesotaite flakes in the banded 
ironstones may show a preferred orientation. These crystals vary in 
size from 0.08mm X 0.35mm to 0.01mm X 0.04mm. They are invariably 
seen in the more strongly folded areas, often orientated at an angle 
to magnetite layers (fig. 5 ) or orienihted parallel, at approximately 
70 , to shear zones, when they fo-rm a "lattice" structure (Fig. 6).
The latter phenomenon is pecrUar to the Xiries and Mt. Vera Mines 
and will be aescribed in more detail later. In the same mines, 
crocidolite crystals, now reerystallized to minnesotaite, occur in 
tight drag folds. An X-ray diffraction^pattern for this type of 
minnesotaite is listed in Table 2.

1  A B t * 2,
X-RAY DIFFHACTIO* - PATTERM OF ALTBRBD CROCIDOUTB
(Co/^, radiation. Magnetite and carbonate removed.)

Crocidolite layer Quartz CrocidoJite Minnesotaite.
altered to A.S.T.M. Vermaas A.S.T.M.
Minnesotaite Card (1952,p.225) Card
Rlries Mine.__________ 5-0490 6-0025

dA Int dA Int dA Int dA Int
9.48 100 9.1

8.4
4.89

50
100
30

9.53 100

4.76 25
4.50 70

4.77 10

4.26 <0 4.26 35
3.74 10

3.41 50
3.50 10

3.34 90 3.34 100
3.18 30

3.10
2.99

100
10

3.18 50

2.75 20
2.71 100

2.75 5

2.65 20
2.60 50

2.65 5

?. 52 60 2.53 50 2.52 20
2.45 10 2.46 12 2.40 10
2.31 5 2.28 12 2.31 60 2.31 5
2.22 5

2.13 9
2.17 60

2.22

2.11
2.01

10

5
10

1.91 5 1.92 10
1.82 45 1.82 17

1.67 7 1.67 50 1.66 10
1.60 30 1.61 30 1.60 10
1.57 20 1.57 10
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Grilner 1 1944b. p. 363-372) described the properties of ainnesotaite
in detail and proposed the formulae for the unit ceJl as (OHLJPe^.Mgh. _ HI 22 22.3

4vAl8Fe )̂ He defines ainnesotuite as a fibrous, rarely
platy mineral, resembling aericite or pyrophyllite in thin sections.
The larger colourless needles often grade into light yellowish green,
confused aggregates of very small fibres which are noticeabl. oleochroic
and form ill defined areas.

Genis (1961,p.41-42) and Cilliers (1961,p.20-22) established that 
the ainnesotaite from the Northern Cape is identical with the ainnesotaite 
from the Lake Superior region as described by GrUner.

Stilpnomelane This is a very common constituent of the banded ironstones 
and is present aa minute green or brown cryptocrystalline flakes less 
than 0.003mm long. Occasional crystals up to 0.05mm long are present, 
occurring in recryotallized zones or as veinlets. Dark green ferro- 
stilpnomelane (pleochroism from yellow to dark green) is common in 
the lower half of the Banded Ironstone Substage, but gradual 1; anges 
to dark brown or black ferri-stilpnomelane (pleochroism bright yellow 
to medium brown) upwards in +he succession.

Grtiner (l944b,p.T7l) found that the composition of stilpnomelane 
is variable, and proposed the formulae (K,Na,Ca)^0H)^i.Pe, Mg,Al,Pe

,SiqCL, ,2 4H„0. Grtiner (1944a,p..791-298) also found that as a 7-o 8 25-24 2
constituent of iron-rich formations it is so fine grained and interwoven 
with other minerals that it cannot be separated for analysis. He 
remarked that stilpnomelane is remarkably stable as it is found in 
schists and slates.

Cilliers (1961,p.24-26) and Genis (l961fp.4l) found the stilpnome- 
e of the Northern Cape to be identical with that de~ 'ibed by Grtiner.

According to their X ray diffraction patterns stilpnomelane layers 
in Ririee Mine are generally altered to biotite in the vicinity of 
pron ced folds, but biotite is absent from the I nomalane layers
in unfolcted rocks. (Table 3). The biotite is brown vo dark brown and 
strongly pl.ochroic, n.g.t,.. .«d Ilk. .tilpM-lM.
.1.0 h „  p.r.11.1 extinction. Cllli.r. (1961.P.25) H.t. th. d-vlu.. 
obtained from a sample of stilpnomelane-bearing rock from ths lower 
banded ironstone beds at Westerberg, near Koegasf they tally partly 
with the pattern expected for biotite and partly with the pattern given 
by normal stilpnomelane. In vie- of the relationship between stilpnome- 
lane and biotite at the Hiries Mine the writer suspects that the 
specimen submitted for X-ray by Cilliers was possibly obtained from

a moderately folded area. -----

1„ l.y.rs c p o . *  of owrly P-r. .tllp.-»l-». ~rr.l-.h.p«l 
U.olMion. of «. unl»«.«ltl.d «  of,., pr— nt. T». in.lu.l«.

1. .1.. b.,.»n 5 « d  1 .loron. ti-ldk .nd .0 «o 100 ^oro.. long.



Figure 7.
Micrograph showing magnetite (white) and fringing crocidolite 
(medium grey) set in mass fibre with pitted surfac (light grey). 
Polished section, ordinary light, X 7 level, rom core of
the Bretby Mine fold.
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th«y have low relief» n greater than hcisam, high birefringence and 
show etrong green pleochrolem. function Is parallel to the direction 
of elongation of the crystals and the mineral is length slow. Owing 
to its fine nature the 2V could not be measured. The writer was unable 
to separate the inclusions to determine the X-ray diffraction pattern. 
The inclusions are sometimes partly replaced by a pleochroic blue 
mineral, presumably riebeckite. That these inclusions are possibly 
grains of potash-bearing mica (muscovite?) is suggested by the presence 
of K^O in stilpnomelane bands. Genis (l96l) chemically analyzed 
stilpno-telane-bearing rocks from the Lower Grlquatown Stage and 
established that K^O was present in amounts up to 10$ in apparently 
pure stilpnomelane bands. Part of this potash could be present in 
such muscovite grains.

Pvrite - Pyrlte grains are common in both chert and stilpnomelane 
bands, especially in the lower half of the banded ironstones, and 
crystals are invariably euhedral in shape. At least two ages of 
pyrlte are apparently present as Indicated by the occurrence of 
ouhedral crystals surrounded by later pyrlte in oome mass-fibre 
rf ckite layers in the Bretby Mine. In stilpnomelane bands pyrlte 
is often observed as thin streaks, parallel to the bt-dding of the 

banded iro stone.

Riebeckite - Three varieties of riebeckite are present in both banded 
ironstones and overlying jaspers. These verities, known as crocidoAte 
tabular riebeckite and mass fibre, have been studied in detail by 
previous investigators who have found them to have identical optical 
properties, X-ray and D.T.A. patterns, as well as chemical compositions 
The only difference between them is that of habit. (Vermaas 19b2, 
Cllllers 1961, Genis 1361, and Hanekom 1966). The present writer did 
not attempt a D.T.A. investigation but is in agreement with the above

findings.

Crocidolite is the term reserved for the perfectly parallel 
orientated fibrous or asbeatifor. riebeckite crystals (Pig 7) 
occurring in layers that are parallel to the bedding. Tabular 
riebeckite crystals are up to 2mm long and 0.8mm thick and usually 
occur in layers containing considerable amounts of quarts, magnetite 
and stilpnomelane. "Maee-flbr." riebeckite, which will be referred 
to as mass fibre, consists of .inute riebeckite fibres, orientated 
at random or in radiating clusters, often with small magnetite nud.i, 
lying in a matrix mainly of chert and carbonate. These slender 
riebeckite needles are up to 0.125mm long but rarely -or. than .004«

thick.



Vh« following is • list of the more important characteriatics of 
riebeckite from the Northern Cape Province,
Optical properties As determined by Genie (l96l).

*1.690 - 1.693 Strongly pleochroic with
P *1.694 X - Deep Prussian Blue
X *1.697 - 1.698 T «* Indigo

jf-0<* .004 - .008 z - Buff yellrw (Old Gold)
to c - 3° X -> Y -=» Z
P - b

The fibres are usually length fast but length slow fibres from rear 
Kuruman were discovered by Frankel (l953,p.78). Cilliers (1961,p.27) 
and Genie (1961,p.29) both noticed that, although the fibres are 
elongated along their c - axes, there is no preferred orientation 
along the a •• and b - axes.

Physical properties i-
Spacific Gravity * 3.42 ♦ .01 (Vermaas 1952)
Tensile strength of crocidolite «* 199000 - 746000 lb/aq.inch. 'Hie fibree 
have a higher degree of elasticity than those of chrysotile. It fuses 
to a black mass at 950°C. Crocidolite is non-inflamable, is a good 
conductor of heat and has good electrical insulating properties. 
(Cilliers 196l)
For X-ray date see Table 2.

Chernies1 compoSi tion t-
According to Hiyashiro (1957) the idealised chemical formula of 

the end member of riebeckite in the riebeckite - glaucophane group is 
Na P. Fe ^ S i ^  (0H)2 . Cilliers (1961,p. 155-156) calculated the 
unit-cell formulae for crocidolite from Koegas and Pomfret in the 
Northern Cape respectively and obtained the following values

Ha3.83Ca0.31,e5.17 Hg0.53fa4.10 oil6°44.13(0H)4

"•).500,0.2?,,4.28",g1.19,,1.98*"S11604 4 a 6 (0,i,4
Tn. c h - l c l  co.position sod stroctor. of rl.b.cUt. .nd oro.ld.lit. 
fro. th. Horth.m Cap. b... .1.0 b..n d..crlb«l by C -1. (1961.P.2-9) 
.Od botb h. .no Cllll.r. (1961) found th.t th... proprtl.. .r. cry 

close to thosn of ideal riebeckite.

CilM.r. (1961.P.154.) « t . 6 U . b "  th.t th. co.po.ition of 
ri.bookit. vnrl.o only «.ry .U,htly fro. on. horl.on to th. n.«t 
or fro. on. .in, to th. n.rt. O.nl. (l961,p.9> co.p.rrf 10 ch..lo.l 
on.lr.o. of rl.b.c.lt. (crooidollt.) fro. th. horth.rn Cp. .nd 
no tied . .lldht d. r... 1. -ooiu. oont.n. north..ni. fr-

In th. tun— n . r e  crooidollt. ..—  . . inr.rl.bly .uct-pdrtl 
by . ept.tit. bond pre.ht .Ion, .Ith.r on. or both cont.ot. of th.

’ or 1. r.r......... . fro. it by . «hl. l.,.r of



Figure 8.

Figure 9.
Micrograph showing tabular riebeckite crystals orientated in 
lattice-like fashion. Ordinary li^it, X 15,
Third Cut Second Lower Zone, Riries Mine.
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chert. This is in accordance with the observations of Cilliers (196I, 
p.128), Genis (1961,p.30) and Hanekom (l966.p.202). Both du Toit 
(1945,Pi 193) and Cilliers (1961,p.124-125) noticed that the thickness 
of some magnetite bands in contact with a crocidolite seam bear a 
direct relationship to the thickness of the associated seam. Such 
seams, failly often seen in the Kuruman area appear to have resulted 
from the expulsion of excess material by growing crystals of asbestos.
As already pointed out by Cilliers an additional magnetite band is 
invariably also present. The latter band persists without any change 
in thickness even after the crocidolite peters out, indicating that 
this bant could not have resulted by expulsion of excess material from 
vhs erooidolite soam.   ■ ,

Crocidolite is developed as cross-fibre seams of varying width 
and extent. According to du Toit (1945) the maximum fibre length 
exceeds 4^"; lengths mostly vary between i" and 1". There are 
however in all occurrences many seams under in width which range 
down to mere films (Pig. 8). The longest fibre observed in the Kuruman 
area was 4-JH, derived from one small area in the Ashes Mine.

Hiebeckite layers consisting of tabular crystals or sheaf-like 
aggregates without any preferred orientation or sometimes arranged 
parallel to the bedding of the host rocks may be found anywhere in 
the Lower Oriquatown Stage. Layers of lath-shaped riebeckite crystals 
orientated in the same "lattice-like" fashion as the minnesotai.e 
crystals described earlier, are common in the Riries Mine (Pig.9).
Again the one "leg" of the "lattice" is approximately parallel to 
the direction of a major shear zone present in the mine. The other 
"leg" is orientated at an angle of between 78 and 86 to this shear. 
(See description of Riries Mine page 119 ) "ass fibre is mainly 
distributed in distinct bands but may nlao be found as isolated 
patches in particular banned ironstone layers.

Crioualandlte A pseudomorph after crocidolite, this soft y e l W
brown to orange material i. formed by the oxidation and hydration of 
the asbestos fibres and consists essentially of goethite and a little 
silica (Ha.1.1,1930). Grtqualandite is usually found in outcrops of the 
asbestos reef, but in cases of extremely deep weathering was observed
ao far as 450' below the surface.

nth.r Mineral.,- In their study of the Lower Oriquatown Stag, as a 
whole. Cilliers (1961.p.29) Genis (l96l) and Hanekom (1966,p.135-139) 
also established the presence of actinolite. pri.sk.ite, acmite, 
tremolite-richterite, chlorite and muscovite. Hone, of these

mineral, were positively identified in the rocks of the Kuruman 
area, but a mineral present in certain etilpnomelan, layer, (page 21 )
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1b thought to be muscovite. Although chlorite was not found in those 
specimens examined by X-rvy diffration methods, this mineral may well 
occur in the Lower Griquatown Stage formations of the area.

dd. Distinctive Layers and Features of the Banded Ironstones.
Stilpnomelane Bands Stilpnomelane is one of the major constituents 
of the banded Ironstones and apart from occurring in layers composed 
also of other minerals, is often found in bands consisting almos* 
entirely of this mineral. These almost pure stilpnomelane bands 
which may grade into layers of mixed composition are from a fraction 
of an inch to at least 20" thick and appear to be slightly more 
frequent in the vicinity of some crocidoiite horizons. The thicker 
bands are massive, showing little or no trace of bedding and break 
with a conchoidal fracture when blasted. This lack of banding and 
bedding in comparatively thick glassy layers forme a marked contrast 
to the finely laminated surrounding banded ironstones and such 
stilpnomelane bands are therefore easily recognized underground where 
they are generally referred to as "markers" or "shales". Striated 
surfaces on either one or both contacts of stilpnomelane bands are 
often encountered in the vicinity of folds.

Examination of tne detailed stratigraphic colums of banded 
ironstones exposed in various mines of the Kuruaan area reveals that 
the stilpnomelane bands are unevenly distributed in the stratigraphic 
succession (Plates ¥11 to XII). That some banded ironstone zones 
contain more pure stilpnomelane layers than present in the intervening 
rocks is also wry evident. In the lower half of the succession these 
bands are dark green in colour, (ferro-etilpnomelane) becoming dark 
brown to black, (ferristilpnomolane), higher up in the succession.
In the weathered zone stilpnomelane layers have been altered to a 
soft bright green mineral referred to as nontronit. by duToit (1945, 
p. 185). These nontronlte layers contain the same magnetite and quartz 
inclusions normally found in stilpnomelane bands. The findings of 
du Toit were confirmed in the following manner
The material was examined by means of X ray diffraction and found to 
give a strong peak at 2 0 - 5.1° 'Cu I *  radiation) which correspond, 

to a d value of 17.,12,A*. This indicate, a possible hydrated monforillonit. 
-type mineral, with increased basal apacing due to three additional 
water layers, (Brown 1961, Table IV.6 p.200). further investigation 
by means of sn infrared spectograph by Mr. H. von Rahd.n of the 
National Institute of Metallurgy, agree most closely with published 
data for nontronlte. (Grim 1953, Table 40, p.307). du Toit (1945),
Vermaas (l952,p.22?) and Cillfrs (l96l) have .11 reported that 
crocidoiite may be replaced by nontronlte. In the Kuruman . . .  
crocidoiite passing into fibrous nontronitic material was observed 
in only one small sheared fold at the Heartlands Mine.



Figure 10.
Micrograph of a dark brown to black ferro-stilpnomelane band 
containing quartz-filled shards with an axiolitic structure. 
Ordinary light, X 150. Second Lower Zone, Strelley Mine.
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The writer .mined thin sections of 30 stilpnomelane bands fro.
the various .mes of the Kuinman area. In Edition to these layers,
which are co.posed of almost pure stllpno.el.n. with a little magnetlta, 

chert and pyrite, many specimens grading into material in 
which these latter minerals dominate were also studied.

Of the nearly pure stilpnomelane bands .11 but two contained shards, 
(figs. 10 and 11) but these structures were not found in the more laminated 
rocks of mixed composition. In many layers the shards tend to be 
orientated approximately parallel to the bedding, often appearing to 
have been compacted, while in other layers they show no preferred 
orientation. The shards are up to O.lOnc long and up to 0.05mm wide, 
with an infinite variety of smaller fragments which resemble fingernail 
clippings. The average shard is 0.15mm long and 0.01mm wide. They 
commonly show an axiolitic structure which is identical with that 
illustrated by Ross and Smith (l96l,p.4.) for shards present in certain 
rhyolites(Fig. 12). Their description of axiolitic structures matches 
exactly what is seen in the KuruiLsn area, except that their shards 
contain feldspar while X-ray diffraction patterns of the stilpnomelane 
bands in the Xuiuman area indicate these to be composed of either 
stilpnomelane 'ceuccmorphs?) or a mixture of stilpnomelane and quarts. 
(Table 3)

Ross and -.with (l96l) describe the shards in pyroclastic rocks 
occurring in the United States of America as being composed of feldspar 
fibres in glass fragrents lying approximately normal to the outline 
of the iragments and radiating inwards. In shards of a triangular 
shape, the central part often showed a greater degree of crystallization 
than the margins. A similar description of axiolitic textures in shards 
i-j given by Spock (1962,p.74-75). Ross and Smith (1961,p.33) state 
tnat "shards are glass fragments derived from a vesiculated glass 
characterized by globular or elongated bubbles. This material when 
explosively disrupted produces curved. flat or triangular fragments 
that represent the walls of the bubbles. Y shaped fragments formed 
in the same way seem to be one of the most common characteristics of 
glassy tuff materials".

No trace of relict minerals, such as feldspar, which would 
provide evidence as to whether stilpnomelane is a secondary product 
or an original constituent of bended ironstone, was found.

Prior tc the discovery of shards by La Berge (l966b) in the 
stilpnomelane bands, the origin of these rocks was uncertain. These 
dark coloured fine grained rocks which differ markedly in their 
chemistry from the iron formations were recorded as shales, si Itstones 
or mudstones by some, while Genie (l96l) believed that the bands 
represented material introduced into the basin by aeollan action.
The following table lists analysis of stilpnomelane bands and associated 
rocks as given by Geris (l96l).
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asecimen No : G90P _G§3P_- G21P
TABLE 4

G7P 07M G26P oian
Si02 * 57.1 47.5 31.5 48.1 55.1 22.9 52.5

-22ZZ
53.6

U 2°J " 11.6 6.3 3.12 0.49 0.10 0.10 0.12 0.10
'•2°, ■ 3.2 10.0 8.2 3.8 13.3 44.1 18.96 19.53feO " 11.86 23.17 28.37 11.57 13.79 26.15 17.46 15.0CaO " 0.7 0.2 3.7 11.7 3.1 0.6 1.37 0.31MgO " 1.86 4.24 5.15 4.58 2.50 2.01 2.20 2.42I2° 10.1 4.7 1.20 0.16 0.25 0.21 0.13 0.06*a20 » 0.41 0.46 0.28 0.36 0.33 0.07 4.93 5.88
h2o> 3.0 4.82 3.42 0.43 0.21 0.32 2.53 2.14MnO 0.05 0.09 0.96 0.34 0.18 0.02 0.04 0.02
P2°5 " 0.03 0.01 0.16 - 0.01 — 0.04 0.12co2 0.26 1.66 17.79 18.08 7.80 3.67 m 1.04
Cr2°3 " 0.03 0.02 0.05 0.02 0.05 0.08 0.04 0.05
Ti02 0.49 0.23 0.05 0.05 0.12 0.05 0.08 0.08
Total # 100.7 103.4 104.0 99.7 96.8 100.3 100.27 100.3
Analyst J.H. GENIS.
G 90 P Green etilpnomelane band, with carboaataaad quarts frageenta 

Glen Allen Mine, Prieska.
G 89 P Black etilpnomelane with rare carbonate and magnetite - 

Glen Allen Mine, Pr.'.eska.
G 21 P Micro-banded, granular carbonate and ferro etilpnomelane - 

4 level Dikberg Mine, Prieska.
C 7 P Banded chert - rhombic carbonate with magnetite crystals 

and porphyroblaste, minor riebeckite.
G 7 M Banded majnetite-chert, with carbonate and silicified 

crocidolite - Drill core - Heuningvlei, fryburg.
G 26 P Banded magnet!te-chert with abundant etilpnomelane and 

rare carbonate and rlabecklte.
G 34 D fresh crocidolite, Bmmerentia Mine, Danielakull.
G 97 P Mass fibre from Dikberg Mine, Prieska.



further »n»ly»e« of otllpno.ol.ne bends from Birds, Kino (H»n.ko»,1966) 
Boa tern Au.tr.11. (I. B „ g. ,966b) ,„d th. „ . „ bl (G«„.r.l957)
are listed belovs-

T A B U  5.
I II III

Si 02 41.65 44.40 44.77
A12°3 6.92 6.20 6.32

8.93 3.20 20.79
Fe 0 22.37 23.60 12.83
Mg 0 7.36 7.60 4.01
Ca 0 0.55 n,,d. 0.10
He2° 0.51 0.56 0.07
K2° 3.47 3.30 3.31
H2°+ 5.97 6.15 5.64
H2°" 1.10 3.00 1.96
002 0.00 n.d. n.d.
Ti02 0.41 n.d. 0.04

P2°5 0.72 n.d. n.d.
MnO 0.05 .. 9,Q4 .<?.?!

Total 100.01 97.65 100.05

I. Ferrostilpnomelane from tuffaceous layer, Second Lower Fibre Zone,
Second Cut, Hanging-wall Marker, Slries Mine, Kuruaan District.
Analysts B.C. Uaiuuan and J.F.Dry, Soils Research Institute.
Reported by EaneRom (l966,p..;50)

II. Ferrostilpnomelane from the Hammersley Range, Australia.
Reported by La Berge (1966 b p.580).

III. Stilpnomelane from the Mesabi Range, Minnesota.
Reported by GMiner (l957,p.913).

Trace element determination of analysed specimens of stilpnomelane 
bands and associated rocks by Genis (l96l) showed that the alkali metals 
lithium, rubidium and caesium were cor.fined to the stilpnomelane bands. 
Further geochemical work Involving » comparative semi-quantitative 
spectographic survey by Genie showed that vanadium, chromium, titanium 
and aluminium were preferentially concentrated in shales of the 
Transition Zone between the Dolomite Series and Banded Ironstone Zone 
near Prieska, in the clastic audstones of the Mudrtone Zone, in the 
basic sills of the Lower Griqutlown Stage and in lavas of bo+h the 
Middle Griquatown Stage and the Venterdorp System. The results of 
this survey indicate that the stilpnomelane bands show a chemical 
affinity to nearby igneous rocks and shales to which igneous rocks 
could have contributed detritai material. It was al-o found that 
vanadium and chromium are only present in the lattices of magnetite 
crystals occurring in stilpnomelane bands, lavas and shales and in 
this respect the magnetite of these rocks therefore contrasts strongly
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with the magnetite cf the surrounding banded ironstones.

Comparison of the chemical analyses of stilpuomelane bands and 
th^se of rocks of the banded ironstones re sals marked differences 
in the alumina, potash and titanium contents.Cenis (l961,p.70-7l) was 
of the opinion that alumina was virtually confined to the stilpnomelane 
layers. H.nekom (l%6.p.l57).on the other hand, determined that whereas 
the alumina content of stilpnomelane layers varies between 6.2$ and 
9.9$. the average alumina content of the surrounding banded ironstone 
was only 2.32$ Hanekom suggested that most of the aluminium in the 
banded ironstones was present in nebecklt*. However, since 9 chemical 
analyses of crocidolite from the Northern Cape. (Hanekom 1966, Table 35) 
show an average alumina content of only 2.58$, while the total riebeckite 
content of banded ironstone rarely exceeds 15$, it follows that alumina 
should also be present in other minerals.

Stilpnomelane.apart from occurring in nearly pure layers la also 
a common constituent of banded ironstone and no doubt contributes to 
the alumina content of the banded ironstones.

The presence of shards in the stilpnomelane bands, togethr ; 
the preferential concentration of certain elements in these be « 
nearby igneous or clastic rocks which could have been derived f oa a 
parent igneous rock, is considered strong evidence the the stilpnome­
lane bands originated from pyroclastic materials. A .itioned earlier 
no direct evidence is available to decide whether the stilpnomelane ie 
a primary mineral or not. It is however unlikely that the original 
pyroclastic material escaped contamination by iron and silica in the 
basin and the siilnnomelane may well have formed from the combination 
of these materials with the pyroclastics. The occurrence of ankerite 
(iron poor carbonate), in layers immediately adjoining stilpnomelane 
bands, described on page 18 , la perhaps evidence in this direction* 
Similar conclusions regarding the volcanic C'igin of stilpnomelane 
bands from the Hammersley Range in Western Australia, the La ice Superior 
region and the Transvaal System were reached by La Berge (1966a and b) 
who considered the bands from these different areas to be identical.

Calculation of the Nlggll norms for stilpnomelane bands from 
Prieska (S/mple G89P,Cenis 196l) and the Riries Mine (Hanekom,!966), 
are compared below with the norm obtained from a chemical analyses 
of younger Cape Granite, No.17, du Toit (1954,p 5 7—578).
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22.65

■StllpnomalHna M.nd
G 89 P 
0.24 
0.36 
33.40 
4.90

0.52
14.12
7.88

25.84
0.20

12.54

lABLS-l*

2.70
23.60
8.56
11.37

10.80

Granite 
Cape Granite

0.54
28.0
21.63
7.84
4.55
3.56 
3.81
39.65

0.42

The calculations of the Nlggll norms of the stllpnomelane banda show 
relatively high values forj.en^s and at and relatively low values 
for ab. en ̂  ,.1 though the content of silica and iron oxides is 
probably a poor reflection of their original proportions, the high 
potash content indicates that the pyroclastie material probably was 
granitic or syenitic in nature rati _ than basaltic.

Niggli values of the stllpnomelane bands do not correspond well 
with any of the Niggli Magma Types, but show closest agreement with 
his biotitlc magma which is listed as having iamprophyric affinities 
(Niggli.1936,p.350 and 369).

lABLjUa 
Comparison of Niggli Values.
Si al fm c_ alk k

Specimen G89P 
Genla (196.)

126 9.22 81.5 0.54 8.74 0.53 0.2

Hines Mine
Hanekoa (1966)

96 8.7 83.8 1.28 6.22 0.82 0.3
Mesa.i Range
Grtiner (1937)

116 9.6 84.5 0.3 5.6 0.97 0.1

Biotitlc magma 
Niggli (1936)

70 14. 74. 1. 11. 0.8 0.9

It is interesting to note fram the chemical analyses listed in Table 5
that the Ka^O content of the stllpnomelane bands derived from riebeckitm- 
bearing formations in South Africa and Australia is much higher than the 
stllpnomelane from the Memabl Range, where riebeckite is not present.
La Berge (1966b p.579-530) suggested that much of the s-<da of the original 
magmatic material may now be found in nearby riebeckite or crocidollte 
layers. The writer finds the latter statement difficult to prove since 
there ere many hundreds of feet of stllpnomelane-bearing banded irons4ones 
in the lower half jf the Lower Griiuatown Stage with which little or no 
riebeckite is associated. It is however quite possible that such soda 
was contributed, went into solution, and, as will be discussed later 
was only precipitated during times of low water level, which need not



ha,e C3lnCl<ieJ "Itb Periods of ma^atic activity.

An indication that fuaarolic activity had already started during
depo.jtion of the holoaite Series, which underlies the bandM iron- 

st.nen, is given by the observations of Young and Msndelsohn (l943,p.57) 
wh( -xaained thin sections of domed algal growths in dolomites from 
near Schmidt's Di ft, about 50 miles from Danielskuil. Associated 
with those growths they noticed small "fragments" and pyroclastic 
fragments. The small "fragments", which they suggested possibly to 
be calcified organic bodies occurring in a "tuffaceous limestone", 
are identical in appearance to shards found in glassy tuffs.

Granular Bands Bands having a distinctly granular appearance are 
present in the 40 thick tone of banded ironstones overlying the Third 
lower Fibre Zone in the Gieyling Mine. Four bands varying in thickness 
from 5" to 9" are presant, of these two are described below.

About 4 1 above the Third Lower Fibre Zone (described on page 87 )
s 3" thick layer, composed of rounded and oval grains from about 0e5mt 
to 1.5mm in diameter, is developed. The grains consist of quarts, 
quarts and carbonate, stilpnomelane or mixtures of all three minerals. 
Interstices between the grains are filled by coarse (up to C.05aa) 
grained quartz and also by mostly euhedral carbonate rhombs.

A 9" tnick granular layer seme 35' above the Third Lower F^brs 
Zone consists of oval shape-6 ^ra.ns, having t.xeii long axes approximate! 
parallel to the bedding plane. The oval unit,, are from 0.2mm o lem 
along tne long axis and consist of a mosaic of relatively coarse quarts 
and carbonate grains which sometimes sxhlblt shrinkage ci-ackc. The 
matrix consists of quart. fine carbonate, larger euhedral carbonate 
rhombs and a Ifttle stilpnomelane.

Other bands which contain roundea nodules, resembling those 
described above, have been observed in banded ironstones of the 
Riries Mine (bottom of Fourth Lower Fibre Zona) and in the Second 
Lower Lecond "Cut" at the Greyling Mine. These nodules consist of 
a mixture .f quarts and carbonate set in a matrix of stilpnomelane 
and magnetite. They are about 0.5mm in diameter.

Similar granular bands are common in the iron formations of the 
Lake Superior Area (Godwin 1956) but have not previously been described 
from the Northern Cape. The granular layers of the Greyling Mine are 
essentially similar to thnee mentioned by Carossi (i960,p.358-361) 
who described similar deposits in taconites of North America without 
proposing au origin for these beds. La Berge (I964,p.l339) discussed 
a granule-bearing facies of the Lake Superior iron formations, wnere 
the granules have essentially the same al e and composition as the 
nodules found in the luruman area. His conclusion that Granules are 
products of reworked earlier sediments appear quite acceptable as in
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Figure 1}. .
Micrograph showing layer composed of mass fibre and quart- (white) 
cutting across bedded bands oi magnetite and quartz (top and right 
hand portion of photograph).
Ordinary light, X 15. First Lower Zone, White Rook Mine.

Figure 14.
Micrograph showing magnetite bands (white) set in mass fibre 
(light grey). Crocidolite (medium to dark grey) formed on some 
magnetite bands only. Polished section, Ordinary light, X 

7 Level, Bretby Mine.
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th* writer1b opinion the nodules of the Kurumen area must have been 
formed In a "free-rolling" environment.

Haas Fibre Banda t— Layers composed predominantly of minute riebeckite 
fibres may be found anywhere in the banded ironstone succession but are 
generally associated with various fibre zones. Apart from their blue 
colour the bands are also characterized by their toughness and resilience 
which retards the drilling-rate during exploratory and mining operations. 
Mass fibre layers generally vary in thickness from to 9" but may be 
up to 2 * thick.

Some mass fibre layers can be followed between individual mines 
for distances of up to several miles, eg. between the Riries, Ht. Vera- 
and White Hock Mines on the Second Lower Pi ore Zone. However it must 
be clearly understood that mass fibre layers are not so continuous in 
other parts of the Kuruman area and that the mass fibre content of 
the banded ironstones is generally subject to tremendous lateral 
variation. In any area where a particular tone o' banded ironstone 
contains large quantities rf mass fibre other under - or overlying 
zones with a high mass fibre-content are often also present. Tet 
the writer had studied borehole cores of the same banded ironstone 
zones a few miles or even hundred of yards away, where only minor 
amounts, a trace or in rare instances no mass fibre at all was found.
The patchy distribution of mass fibre is significant when the origin 
of this material is considered and will be discussed on page 149 •
Urge quantities of mass fibre are generally found near folds in the 
immediately surrounding rocks. Mass f.bre concentration throughout 
the entire area affected by a fold is common when this structure holds 
very l^tle crocldolite, but in the case of asbestos concentrations 
only a few mass fibre bands are normally present throughout such

an area.
Large concentrations of mass fibre are often

but „b. n.c....rll, fo"”" **>• of C0“°“ -
tration,. In nuch ...a tlbr. conc.ntr.tlon. th. •at.rl.l i. not .11 
pro.ont in ..11 d.fln.C l.y.r. .nd .non Cnd. .It.rn.t. .1th con., of 
.... fibr.*rleh b.nd.d Iron.ton. h.vln, Uttl. l.t.r.l .ct.nt.

An ....pl« of ..ch .... flbr. dl.trlb.tlon 1. found .t th.

or., ling HI no (•« P**' 1' > *h" > “,rr<>” con.. ,...
outMd. «». ...t.m ».lt. of orooldolit. d.v.lo^.n. h.v. b..n Int.r-

„  lb v.rt.cl bor.hol.. for dl.t.nc. tot.lllng 100 nr nor.,
•hll. only V.ry ,..U ,.»tltl.. of rl.b.cklt. .. . found In bor.hol..
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Figure 15. .  ̂ x
Plan view of sedimentary boudinage (pinch and swellJ 
in banded ironstones.
Second Lower Fcotwall - Mt. Vera Mine.

structure

Figure 16.
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flbre bandB conUnu® without any change while yet others may 
p... ln«o n v . Ujr„ ,  >na foUo..a th<
.... flbr. dl..,W r. ...... co.pl... 1 5 ,  b . l n e  r e p l . = M  c h „ t >

.lnn...«.lt. . M  p, ..Up.c..u„.. Thl. f..,ur. p. „ t l 0 M U .
» • cr..t, ... trough, of fold., .hloh h.,. ob.lou.l, b..n ..rloh^
by .... flbr. during folding, bh.n .,..ln.d und.r th. .loro..op. It 1. 
notlcb.o th., dl....in.,.d Mgn.tlt. ory.t.l. oft.n .pp..r to h „ .  ..„.d 
.. nucl.l fro. .blob minuta -phlbol. flbr.. r.dl... 1. olu.t.r., .. 
described by Cillier. (l96l) and Genie (l96l).

Uyers cf magnetite may be present in mass fibre bands, and are seen 
•specially near the rime of fibre deposits,, which also coincide with the 
limits of folding. Usually a microscopic band of orientated fibre lie. 
in contact with such magnetite layers, but in rare cases and then only 
on the rim or else in the cores of folds, magnetite bands in mass fibre , 
without any adjoining orientated crocidolite, have been found (Plg.14).
This relationship is very significant when the origin of crocidolite is 
considered and is discussed on page 166 .

gedlmentaryfloudlnfge Structure A very striking feature not only
of the Banded Ironstone Substage but of the whole of the Lower Clique- 
town Stage is the tendency for many cf the layers to lose their continuity 
and to be represented by a series cf distinct lenticular unite (Pigs. 15 
and 16)„ nils pinch and swell structure is more common along certain 
layers but may be seen anywhere in the succession on both a macroscopic 
and a ill .opic scale. A microscopic examination o' these "boudina” 
and swell structures revealed that in those cases where the material 
surrounding these "bulges' was high in stilpnomelane, it is also finer 
grained 5 but in most cases there is no significant difference in grain 
size of the different layers.

More often than not such "boudins" consist of chert but may also 
be composed of mixtures of any of the other minerals normally present 
in the banded ironstone formations. This phenomena was remarked upon 
by Cilliers (1961,p.100) and is similar to the sedimentary "boudinage" 
structure described by Me Croeaan (l958vp.319) in lime elastics and 
shales of the Upper Devonian Ireton Formation 01 Alberta. Me Crossan 
(1958,p.520) states that the "boudlnage structures should be coarser 
grained than the surrounding material and hence probably less plastic 
at the time of depostion. When deposited on a slightly undulating 
surface and subjected to compaction the fine muds could have spread 
late-, lly towards the lower parts. He suggests that the more plastic 
clayey beds dragged the surface of, and created tensional stresses in, 
the coarser grained limey beds which then began to thin at points of 
weaknens and ruptured to form Isnses.
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It 1. th.r.f„. p= „ lbl. th.t the„. „tructur.„ „.re ^

C0*P*Cti0" ^  «'• "-*• *"« -h.t th. surface of d.posiu.u 
... no, necessarily undulating a, ,h. „ „  of

.r**nj? 9trugtVree In dlirt >- Soaa epeclaene of banded Ironstone,

‘M  “ *• flbre fr“  “>• “ tie. end Vara Ulna. 
to Dr. a. Pflu, of th. Geological and P.l.ontologlcl Inetltuu a, 
Giessen In Garaan,. a. kindly e ,„l„^ tb.. and rapor.M (para.cc. 
1965) thet he hed ieol.ted several elcro fossils fro. 1" _ 2" thick 
chert bands, derive fro. a 10' thick chert-rich, iron and stilpncelan, 
-poor banded ironstone son. of the Fourth Lover Fibre Zone in <*•
»t. Vera Mine north of Kuruman. As yet no detailed description of 
these organisms is available. The writer was unable to find any 
organic structures in his examination of similar chert specimens.

2£Cia Layers i- Numerous conformable chert breccia bands are 
found almost anywhere in the banded ironstone succession and vary in 
thickness fro. a few inches to 2'. Some may persist along strike for 
several miles while others peter out within tens of feet, while still 
others are lenticular in nature, also pinching out after a short 
distance but reappearing when followed further. Such breccias are 
especially common in the underlying banded ironstones. Invariably 
the bands consiot of light coloured chert fragments which are set in 
a darker coloured matrix of atilpnomelane, magnetite and the other 
minerals making up banded ironstone.

Chert breccias of the Lower Oriquatown Stage are all very 
similar in appearance and are characterized by the abundance of 
rounded, often disc-like, chert fragments. Although the presence of 
these chert discs gives the impression of a common origin for the 
bands, closer study suggests that seme breccias have a post depoeitional 
tectonic origin, while others appear to have been formed during the 
deposition of the banded ironstones. The presence of rounded fragments 
in brsccias is normally regarded to be the result of reworking of 
fragmented chert layers before further sedimentation, Longwell g_t al 
(1947). However, examination of some chert breccia occurrences in the 
Kuruman area leaves no doubt that crushing of chert layers as an effect 
of pressure applied approxiamtely parallel to the bed after litnification 
can also reuult in the formation of rounded fragments. A description 
of the ’•urivus breccia types and their possible origin follows
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Figure 17.

Disc-like chert breccja fragments assoc.ated with small west- 
dipping thrust fault. Second Lower Footwall - Mt. Vera Mine.

Figure 18.
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bre''C'La l8" t0 thlck and occurring between 260' end 
the Main *arker Bed wafl “ PPed on the farm Bretby, (Platelll)

bSnd 111 found ln the same stratigraphic position on the 
Danielekuil Townlands (Plate II).

In each case the bands contain chert fragments, that are both rounded 
and angular in shape set in a fin. grained ferruginous matrix. At time, 
the fragments are thoroughly disturbs^ but often they are arranged in 
euch a way that the original +" to I V  wide chert bands can be re­
constructed. When much disturbed, the fragment, are often contorted 
or tightly folded, suggating that some differential movement occurred 
mi thin the band itself ufter Uthification. The breccia band is 
completely conformable to the evenly bedded usually unfolded banded 
ironstones between which it lies. The bands resemble crush breccias, 
which Horton (1917,p.198) designated as "terraces" of brittle rock 
which were brecciated by lateral pressure without any further deformation 
than that exhibited by gentle warping. In the chert breccias mentioned 
above, some 'ragments are folded, and although warping is not associated 
with the bands, it is thought that these layers originated partly by 
crushing as postulated by Norton and partiyby differential movement 
within the bands themselves. Such movement could have occurred during 
- orma .on of the Dimoten Syncline. Since these chert breccias are 
almost horizontally orientated over large areas, such uniform breociation 
on a tilted depositionai floor, is not thought to be due to gliding.

In the Nt. Vera Mine some chert bands have been broken into 
conformable breccias that extend a few feet away from tiny recumbent folds, 
with axial planes dipping to the west. (Pig.17). The cheit fragments 
are nearly all rounded off and often disc-like in shape, causing these 
breccias to be very similar ir appearance to other chert breccias of 
the luruman area, but in contract are clearly of purely tectonic origin.

Chert breccias which are considered to have originated by a 
combination of compaction effects and tectonic activity, are extremely 
common in the bandud ironstones. These bedded breccias vary in thickness 
from a few inches to about 36" and rarely extend laterally for more than 
a few hundred feet. Examples of such bands from the Hirise and Ht. Vera 
Mines are shown in Pigs. 16 and 19. The chert fragments are mostly seen 
as rounded flat discs, but mtiy also be angular in shape. They mxy pass 
into undisturbed bands only o be broken up again when followed further 
along strike. Often a distinct "boudlnage" structure is present. The 
breccia tion is rarely so severe as to obliterate the original banding 
in the chert, while sometimes, as in the Grayling Mine elongated chert 
fragments up to 2' long are present. These may be thinner in the mlddi* 
than on the edges and appear to have been stretched Normally warping 
is not recognizable, either in the bands themselves or ir comformable 
underlying beds. Some of the elongated chert fragments show vertical 
or near vertical tension cracks and stiipnomelane bands above or below
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..r. Intersected by . .Ins. In the dreyl-ng S.Upnc.Un. bew. '

" Mblt v*ry — U  tight fold, not observed 
in the rest of the bended Ironstone .no It 1, therefore clear differ.,
-tl.l sovesent .... he.e occurred 1, the rock, surrounding the chert 
breccias.

Me Crosaan (1958..p.320)states that sedimentary "boudinage" and 
pinch and swell structures may show evidence oV tensional stresses 
such as fine peripheral cracks and may have thread -like connections.
He further finds that nodules in the same plane should show similar! tie. 
suggesting that they originated from the same band and that all gradua­
tions from undeformed laminations to isolated scattered nodules may be 
present.

As will be described in the section dealing with the structural 
geology of the area , certain zones of banded ironstone in the mines, 
where this type of chert Breccia was studied, have largely been 
effected by disharmonic folding. Stilpnomelane bands generally 
display signs of slickensiding and the relative movement of tones of 
banded ironstone in local areas can explain both tensional and 
compresaional features in some breccia bands. The writer therefore 
is of the opinion that the Grayling-type breccias represent layers 
which by normal compaction of the overlying beds attained a severe 
state of pinch and swell and sedimentary boudinage, some of which at 
a later stage may have been further subjected to lateral compression.
Thj resulting re-adjustments along the stilpnomelane (incompetent) 
and chert bands may have caused the further breaking up of the more 
brittle component chert, while the stilpnomelane band; yielded by 
folding or acted as planes of weakness along which movement took 
place.

On the 3A level of the White Rock Mine a local sharp isoclinal 
fold with associated chert breccia has been exposed in a drive. (Figs.
20 and 2l). The fold has a nearly east west trending axle which does 
not coincide wi*h those of the recognized tectonic features in the 
area, and is also Of a very limited extert as it does not continue 
to the next drive some 50' away, Chert bauds have been broken up 
into fist rounded dl4ce both in the fold ard up to approximately 18' 
away on *:hc northern (upper) limb of the fold only. Here the chert 
was apparently stretched and subjected to tensional stresses. The 
chert bands are net broken on the southern, ('bottom) compressions! 
side of the fold.

Jrom the accompanying photographs it is quite clear that movement 
in the fold in question must have occurred after the deposition of 
the overlying beda. Since the chert bands were not shattered on the 
bottom limb of the fold and because the fold axis does not coincide
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with those of other folds in the area, it appears likely that this 
structure was formed by gravitational movements (gliding) which occurred 
shortly after sedimentation and thus shattered the strata involved. The 
writer has not observed a similar structure anywhere else in the Kurusan 
area.

Norton (1917,p.182-184) mentions that glide breccias have a close 
resemblance to breccias caused by tectonic deformation and that such 
glides have been known to take place on slopes with an inclination as 
low as about three degrees. Furthe .nore, De Sitter (1964) points out 
that slumping can occur on slopes of only a few degrees and can even 
be stimulated by the depostion of overlying layers.

Chert breccias with nv apparent connection to tectonic disturbances 
are typical of the Main Marker Bed which is about 30 thick and forms 
the top of the Banded Ironstone Substage. This horizon was followed 
from the farm Jacobefontein, about 25 miles south of the village of 
Danielskuil, to the farm Tay about 90 miles north of Kuruaan, a 
distance of 170 miles. It is therefore present over the entire area 
discussed in this thesis, stretching from the Ongeluk-Vitwater Syncline 
in the south along and beyond the Dime ten Sjridine in the north. In 
the area south of Kurumen the top of the Main Marker forms prominent 
outcrops which in the north are somewhat less easy to follow. This 
difference resistance to weathering is thought to be due to the 
presence of relatively hard chert and chert breccia layers, which 
are more common in the Main Marker south of Kuruaan.

The Main Marker Band consists of an assemblage of irregularly 
J.sp.r layer., b.t.,..n 1- .nd $• thick, .lt.rn.tla, .1th thin 

non., of banded Iron.ton., Ch.r.eterl.tlc.ll, thin band, .nd l.n... 
of .hit, .nd p.y ch.rt .nd l.y.r. of Ut.rt breed, .r. .1.0 found 
Intercalated. Plnchln, .nd ...Uln, of th. .lt.rn.tln, j..p.r, ch.rt 
.„d banded Ire..ton. l.y.r. 1. .1.0 typlo.1. Crocldollt. band, .r. 
.emetines found In th. *.ln Harker Bed but h«». only b..» ob..red 
in the are. b.t»..n 20 .11., eouth end 15 .lie. north of ,uriu»n.

Th. Nark.-Bed ... .tailed n..r turu..n by Bng.lbr.oht (1962. 
p.72) * 0  no tat If. dl.tlnct ».v, .pp..r.nc, .1th th. of
,h. ..... of oartaln l.y.r. .trlkln. In .11 direction., .h.n el..d 
fro. .bo... Ch.rt breed. b.no. nom.lly b.....n . f -  loch., .nd 
18- tuck, rarely r..cbln, 6 '. ..y b. pr...nt .Ion, ...er.l horl.on. 
in th.. tain tanker Bd. Th... oonf.ta.bl. .nd Int.rbddd l.y.r. 
occur ,por.dlo.lly In the r.. n «r kun-n, .her. they ta, b.ilSEB
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th. Cubbl. .„d th. f. „  Sahl.tf„ t.ln ,

4 . n . .  „orth of 1„ 1. 1. ku ll O0l,  ( i . 6 rio c ii ^  

n Sohietfonteln u» , p„ ti„,.lArr* g" " " n ' 6“ - -  6" «.!« .r. „ m n ,
“  th« “ P »f th. Hsrk.r. Ihl, top br.ccl. le 

pertlculsrly ,.u .lp05.e 0-l ^...klool, ,ltu.trt .^u, 14
.11.. h=r,h..„, of D.nl.l.koil, 22 thl. ^

'Indiaturbed brt, of boW.d Iro.a.o.. ir.d. u , „ rt, t„ i0 oh.at-.-lol 
br.oc.a. oon.l.ting of ooora. fr.go.ot, .or. or 1... i„ p„.lt„ „  
th. ... .nd progr...l,.l, fln.r ..t.rl.l to..,d, ph. top. tt. fl„ 
br.ccl. 1. In turn o..rl.l, b, undl.turlw b«l.. Co.r..r fr.p.nt. 
at the bottom of the brecclti may show small vertical cracks.

Nowhere In the luruman srr.a is there any change In the Main 
Marker breccias when followed from folded to unfolded areas or when 
observed near faults. Also there is no sign of differential folding 
in the bands themselves. Sllckensldlng in or near the breccia bands 
has only been observed in a wide fold in the Denielekuil Tcwnlends, 
but such local slickensiding is quite often observed in folds within 
the banded ironstones generally.

Although Sngelbrecht (l962,p.72) considered that defor,nation may 
have hud a causative effect in the formation of the breccias of the 
Main Marker, the writer is of the opinlpn that these layers were 
formed during the deposition of the Lower Grlquatown Stage for the 
following reasons The fragments are mainly composed of chert, 
whereas the matrix is ferruginous, suggesting that these materials 
were not part of the same original rock. The brecciatlon shows no 
relationship to any folding and the bands occur in the same strati- 
graphic horizon over long distances. Many breccia utA chert layers
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occur aperadically as lenses suggesting that the material was deposited 
in slight hollows of an otherwise even surface. An early origin is also 
inferred from the occurrence of fibre in the breccia on the farm Cubbie, 
whore brecciatlon appa. ently took place before fibre formaticn.

Because any breccia is always confined to a particular band, often 
resting on an almost horizontal even surface, factors such as slumping 
or thrusting appear most unlikely when postulating en origin for these 
bands. The frequent lenticular distribution of the biecciae on the 
same horizon suggest! that this cheit marerial collected in shallow 
depressions on an otherwise exposed surface. The wa.y-bedded nature 
of most of the other bands in the Main Marker may well be due to 
subsequent exaggeration of an original slight unevenesa in the 
depositional floor, as a result of compaction. Original unevenesa 
of the floor caused by wave action could account for the intermittent 
lenae-like habit of the layers immediately above and below the chert 
breccias.

It is therefore considered that the Main Marker brecila bands 
represent intraformational breccias as defined by Longwell &t 1̂.
(1947,P.230). They state :-"t conglomerate or breccia of special 
type is formed when the laye.s of accumulating sediments, hardening 
as fast as they form, are broken up and the resulting fragments are 
rolled about and then recemented. Individual fragments in an intra­
formational conglomerate are imperfectly rounded: if they are sharply 
angular, the rock is intraformational breccia."

The similarity of the Main Marker breccias to the Beret’s 
conglom.r.t. .t th« b... of to. Pr.torl. S.rf.« In th. Ir.n.YMl i. 
app*r«nt fro. th. d.ocrlptlon of thl. bed glv.n b. Ten. (1961,,.81-85) 
.ho .late, that It contain. ..11 rounded bouldar. of oh.rt, .hll. th. 
angular fraga.nt. pr.n.nt can of,., b. fltfd ,og.th.r. In. br.ocl. 
grad., into .olid oh.rt lon.ll, and grad, do.n.ard. into unbr.ooi.t1  
chart. Stylolit., ar. pr.a.nt and bar. for.1 both b.for. and aft.r 
br.col.tion. An origin for B.,.t'. Congloa.r.t. ... put f.r..rd b, 
Vl.s.r (I957.p..»«i) -ho btnt.. that "At th. clo.. of th. .pooh 
of d.position of th. Oolo.lt. part, of th. O.ntr.1 Irnn..il ..r. 
.l.,.t.d until ,h. Oolo.lt., Ju.t ...rg.d .nor. ...-1...1 -h.r. or.
,h. b..oh lua, foraad. It ... .ubj.ot to a ill "bun, of .ro.l.n,
Th. product, of thl. .roeion .or. d.po.ltl .1.0., l«_6ltlt «» for. 
a lay.r of .lllc.ou. br.ocl. -r ch.rt-oon,lb..r.t. of "tying thlcbn...,

Buuari.a th. follo.ln, of oh.r, br.ccla. ar. "cogtl.l

in the Banded Ironstone Substage i-
a) Br.ccla. con.l.tlng of both round* and angular oh.rt fr.g..n, ,
.... of .hich .ho. ..ld.no. of int.ns. folding .1 though - .  br.ccl.



the bands themselves, because of the presence of deformed chert fragments 
in some bands and the association with thrust folds in othe: bands.

b) Breccias consisting of both rounded and angular banded ironstone 
and chert fragments which pass laterally into unbroken layers with 
a distinct "boudinage" structure. These bands are believed to have 
originated from layers which due to compaction from overlying material, 
attained a severe state of pinch and swell, and were subsequently broken 
up as a result of lateral compression as evidenced by dieharmonic folds 
in the vicinity.

c) Breccias consisting of both rounded and angular chert fragments 
associated with unucual folds, which are beli-ivwd to have been formed 
by gliding. This conclusion was reached because of the unusual fold 
trend and because the chert bands were not shattered on the bottom
(compressional) limb of the fold.

d) Breccias consisting of both rounded and angular chert fragments 
lying in a ferruginous matrix, which can be followed intermittently 
over the entire Kuruman area, but which lie on the same stratigraphio 
plane. Because there is no association with tectonic disturbances 
and because the breccias apparently predate the crystallization of 
the asbestos fibre, the chert breccias are thought to have formed 
when the land-surface was exposed to surface during deposition of

the materials.

c. Lithologv of the J a s p e r jubstage.

i) General.
These formations were originally described as a Jasper Zone by 

Truter gt &1 (I9?8.p.l9). but at present .11 the rocks found be.w.en 
the Main Marker and ths Tillite Subet.ge are regarded as comprizing

the Jasper Substage.
T6. Jasper 3-b.t.g. fell... confom.bl, on to. Band.J Ironston. 

Ub.,.g. aad to. rock tyM' "  dls.lno.l, dlff.r.nt, Th. «.!, 
,.rk.r 1. overi.ln by a torn rob. of «.« b^d.d «„1»1

. . .      . ™  —  " • '  ’ 1 ™ " ,
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On.,„ b.w« »nd .icro.eopd, plll0il „..u  ,]tructllr.„ "

in thin anctlon. Apr, fro. j.8p.r U / .r. th. Ja.p.r
1. .1.0 ch.„ct.nz M  b, th. pres.nee of other rock. »„ch .. ch. „  
chart breccias and more shaley types.

Because the large majority of the crocidolite mines of the 
Kuruman area .cur in areas where rocks of the Jasper Substage outcrop 
this format; n has been studied in some detail. As a result of this 
-ork several distinctive marker bands have been recognised, some of 
which recently described by members of the Geological Survey of South 
Africa, (Engulbrecht 1962 and de Villiers 1961). These investigators have • 
introduced the tarns Speckled Marker and Potsherd Marker in describing 
some of the more important markers. The term "Quartz!te" Marker, 
also known as the Magnetite Chert Marker, however, has had a considered., 
longer usage and has been inherited from the termlnolo^r of the old 
prospectors.

For descriptive purposes the writer has subdivided the Jasper 
Substage into the following three distinctive zones; a Lower Zone, 
approximately 370' thick bet— in the Main Marker at the base and the 
Lower Potsherd Marker at the top; an Intermediate Zone approximately 
150' thick, between the lower and upper Potsherd Markers; and an 
Upper Jasper Zone of very variable thickness between the Upper Potsherd 
Marker and the bottom of the Tlllite Substage.

ii. The Lower Jasper Zote.

aa)Llthology ~ This zone of rocks which comprises all the formations 
between the Main Marker and Lower Potsherd Marker, is present over the 
entire area mapped, and is usually well exposed on the slopes of the 
hills.

The rock types in this zone include a 10' thick layer of thin 
even-bedded ironstone which is invariably developed above the Main 
Marker, This layer is overlain by a succession of Jasper horizons
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Figure 24.
Typical jasper outcrop showing "pinch and swell" structure.
Above Main Magnetite Chert Marker, Lower Kuruman Native Reserve.
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characterized by a poorly developed u
from 3651 in the north to 370' in the

even bedded and up to a few inches thick. Because of their fr.ble 
nature and gritty feel these layers will be referred to as "sandy"

towards the top of the zone. These bands are generally

jasper although they have also been described as mudstone by 
Bngelbrecht (1962) and Hanekom (1966).

The 30' thick assemblage underlying the Lower Potsherd Marker

with some chert bands. Layers with a high concentration of rlebeckite 
are almost always present, although the total rlebeckite content in 
these band- may vary considerably from place to place. The rlebeckite 
occurs mainly as mass fibre, but irregular patches and fractures in 
most maes fibre bands commonly contain tabular rlebeckite. Such 
riebeckitw-bearing bands vary in thickness from a few inches to 
rarely 4'. Crocidolite may be present in some folds.

bb) Marker oands and distinctive features.

Speckled Bands - Op to 4 speckled bands, varying in thickness 
between 6" and 2', may be distinguished in the Lower Jasper Son.*.
In the area near Kuruman one band, occurring between 60' and 80' 
above t. e Main Marker, is very distinctive and was extensively 
used as a marker by members of the Geological Survey of South Africa 
when mapping in the northern part of the area. Two further speckled 
bands, usually less pronounced, occur in the 100 hick assemblage 
of jasper overlying the Speckled Markei of the Geological Survey; 
and another overlies this marker. The writer found it extremely 
difficult to differentiate between the various speckled bands in 
the area couth of Kuruman.

The Speckled Marker was described by Bngelbrecht (1962.p.72-73) 
as occurring due west of Kuruman. He found that the thickness varies 
between 6" and 2' and states i- "Over the greater part of the area 
tne rock constituting this Land is composed of light-brown to yellowish 
-brown concretionary or nodular bodies (speckles) generally up to 
half an inch in diameter and containing small dark-brown or nearly 
black aubangular to aubrcunded iron-rich inclusions, embedded at

consists mostly of fairly even bedded jaw.,- and "sandy" jasper layers
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Figure 25.
Unweathered Main Magnetite Chert Marker, containing oolites 
composed of magnetite, magnetite-chert and chert-carbonate 
with stilpnomelane-chert-ce.rbonate rims set in a chert matrix. 
Ordinary light, X - Ettrick Mine - Near Kurvuan.
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sorat times h.ve decker tron-rlch rims sad la ether esses d.rk.r iron-rich 
centres. North of th. kiries Mine the speckle, sr. l.rger snd oft., 
muct: .on.resi.tsnt to ..stn.ring than th. enclosing J.sp.r, c.using 
the band to resemble a conglomerate in outcrop.

The Magnetite Chert Marker - A very distinctive magnetite chert layer 
known as the ^uartzite Marker" near Kuruman and as the "Sandstone 
Marke in the vicinity of Danielskuil occurs between 140* and 1701 
above the Main Marker in the northern part of the area. South of the 
Bretby Mine this distance increases to vary between 190' and 280'.
On the farm Mt. Vera a second similar "quartzite" is developed some 
10 above the main band. Likewise a second or even third "sandstone" 
may be found underlying the Main "Sandstone" by between 30' and 60' 
in the southern part of the area under discussion.

North 0. Kuruman the baud has quite a different appearance to 
the surrounding jasper and closely resembles grey quartzite composed 
of rounded quartz and magnetite grains. The thickness varies between 
4" and 15". Due west of Kuruman the Magnetite Chert Marker resembles 
the chert bands present in the Jasper Substage and is more difficult 
to recognize. On the farms Woodstock and Strelley, to the south of 
Kuruman, the band is no longer usuable as a marker in field mapping, 
as it cannot be recognized with certainty. Here the band appears as 
a brown jasper layer only a few inches thick, with a pitted and friable 
surface. In the field the marker can only be recognized by the assoc- 
ation with an overlying speckled bed or by the occasional development 
of a crocidolite l.ryer immediately above or below.

Farther south on the farm Bretby and beyond to Danielskuil the band 
becomes clearly recognizable again. It now consists of a soft brown 
crumbly "sandstone" layer at first only a few inches thick but increasing 
up to 16" thick on the farm Highlands. Thin sections obtained from 
relatively fresh surface exposures near Kuruman and from unweathered 
samples taken in the Bttrick Mine show that the Magnetite Chert Marker 
is composed of round and oval-shapej oolites, (sec Fig. 25). The 
oolites consist of ither magnetite, quartz or carbonates, or mixtures 
of all three, set in a natrix of mainly quartz and carbonate. A 
little s t i l p n o m e l a n e  is present in s o m e  o f



the oolites.

A few oolites consist of successive shells of different minerals 
Most of them however, are composed of a mixture of minerals surrounded 
by a thin ria of carbonate. If it were not for this rim, the oolites 
would be identical in appearance to the grains of the granular layers 
described on pages 30 and 31 . Magnetite is normally distributed as 
a black framework in oolites containing both magnetite and other 
minerals. There is no apparent relationship between the size or 
shape of the ooiitee and the distribution of magnetite. Nearly 
round oolites vary from 0.2mm to 1.6m» in diameter, while those with 
oval shapes from 0.2mm to 2.4mm in maximum diameter. Mineral grains 
in the oolites vary in size from loss than 0.01mm to 0 .5mm in diameter. 
In the matrix grain sizes never exceed 0.04mm.

Some of the oolites described by Schweigart (1965a,p.283-289) 
from the Pretoria Series in the Transvaal are identical both in shape 
and composition with those found in the Jasper Substage near Kuruman. 
James (1954) and Bastin (1950) were of the opinion that oolitic iron 
ores originated in rather shallow, generally large seas while Brinkman 
(1956) and Braun (1962) thought that oolites could only form in fast 
moving water. The observations of Twenhofel (1950) and Brinkman (1956). 
who noticed that present day calcareous oolites, with particle sizes 
determined by current action, were being formed in the Gulf of Suez 
and on the coant of /lorida, appear to substantiate these theories. 
Voolnough (1941) and Sakamoto (1950) suggested that oolites could be 
formed in a restricted or semi-isolated basin, at times when no actual

sedimentation took place.

I. . l.t.r public.tlo. Schw.lg.rt (l%5b,p.265-292) .ugg.„t.d 
th.t the-, u ;  b. . ci.ue.tlw. conn.xlon b.t...o prttitiw. crg.clc Ilf.
• ed th. fomatlon of oollt... H. pointed out th.t oollt.. or. p*rtl- 
cul.rlp couwon In poet O b r l . n  eedL.nt.r, Iron ore. .nd .ugg..t^ 
th.t tin, .lg.1 th,..d. ‘bted .. nucl.l .round which oolite.
.... built. B.f.rrlng to th. eucce.elw. .h.U. of oolitic bodl.., 
Sehw.lg.rt po.tul.tW th.t wn oollt. could well, be o w t W  with .
... ,h.ll wh.n th, p.r.1.1. ... U f ‘«« off th. ... floor b, ourr... 
.Cion end .u.pwdW for .... tlw. H U n .  U95.) found th.« 
oolitic ..we .r th. BW—  tod., f.r.l». onl, .her. th. .W1...VU
.re .ubJ.CW «o .tron, tld.l ourr.nt.. but, In ocpl.t. c t r w . ,■iii

foroW in .h.llo. -.«« w W . C W  to Wrongare
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Sedimentary boudmage set in jasper forming boudins similar to the
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In the ere* north of Kuruaan an Dpper "Quartette'’Marker, about 
6* thick, is found about 25' below the Lower Potsherd Marker. In 
hand apecimen this band shows similar rounded grains as those in the 
Main "Quartette" or Magnetite Chert Marker.

Sectarian Nodules and Pinch and Swell Structures.

Present throughout the jaspers, but especially found in marked 
layevs towards the top of the Lower Jasper Zone, are flat dlscoldal 
nodules from i" to 2" across. Both rounded and ellpeoldall shapes 
may grade into a series of separate dis^-llke bodies which are aeparated 
by a few inches or feet of the same jasper as that forming the "dleca*. 
Lass often disc-like nodules are connected and merge into one another 
foiling an irregular pattern. (Figs. 26 and 27).

It is not unusual for such nodules to exhibit a polygonal crack 
pattern. These apparent shrinkage cracks, filled with a clear quarts, 
usually lie in concentric circles around the centre of the nodule and 
are broken by further cracks radiating outwards, in this way forming 
concentrically arranged compartments. The crack pattern is clearly 
seen on outcrop, as the quarts veins are more resistant to weathering 
than the jasper in which they lie.

The fact that the disc-like nodules grade laterally into pinching 
and swelling layers suggests to the writer that they ..eve been formed 
in the same way as the sedimentary boudinage structures escribed on 
page 32 . The cracks in some nodules could possibly have been caused 
by tl.e shrinkage of the material as it dried out.

Similar nodular oands immediately overlying the -quarts!te" or 
Magnetite Chert Marker near Kuruman were previously described by Von
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Figure 28.
Lower Potsherd ("Hanepoot") Breccia Marker as seen in plan 
Near Aabes Mine.

• •

Figure 29.
On the left, Intraformationul breccia (reworked?) characterized 
by flat-lying chert fragments. On the right hand side typical 
Lower Potsherd ("Hanepoot”) Breccia Marker (desiccation?) 
characterized by disc-li’ j chert fragments mostly standing on 
edge. Collected from the Lower Kuruman Native Reserve.
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but of contrasting appearance. This zone is approximately 150' thick 
near Danielskuil and varies between 150' and 180' near Kuruman. The 
zone as a whole has been followed from 25 miles south of Danielskuil 
to 50 miles north of Kuruman, a distance of 130 miles, and may extend 
even farther.

In addition to the Lower and Upper Pottherd Markers this zone 
contains between 5 ana 12 other chert breccias. These layers are 
entirely conformable and vary in thickness between 6" and 3' . Some 
bands may be followed for miles while others may pinch out within a 
few hundred feet along strike often to reappear again when followed 
further. Some breccias, and especially the Upper Potsherd Marker, 
often form prominent lodges on the hill sides, when they can be 
recognized from many mi leu away. The Upper Marker may be up to 3' 
thick and therefore serves as another useful marker band.

In addition to chert breccias the zone is also characterized by 
layers of normal jasper, comparatively even bedded soft crumbly 
"sandy" jasper and also rsnuff-bci" jasper. The normal jasper and 
also some chert bands eye identical in appearance with those found 
below the Potsherd Zone. The "sandy" jaspers are mere even bedded 
and in some cases resemble soft porous light brown to brown leached 
shales or mudstones. No fresh specimens of the latter rocks are 

available for examivai on.

The "snuff-box" structure is seen in both "sandy" and normal 
jasper layers. It appears to be a surface feature related to the 
silicification to which the rocks were subjected. Where three or 
more vertical joints intersect, thus isolating i triangular or 
polygonal fragment in any particular layer, concentric jasper rings 
each of a slightly different colour may be present, the first one 
just inside the joint planes the next one Just inside the first 
ring, and so on. In some cases where the core of such a ringed 
are. was apparently not silicified. small cavities were formed by 
weathering, giving rise to a "snuff-box" structure. Flat nodular 
bodies, such as found in the rocks of the underlying zone, are 
present in isolated form or arranged haphazardly in layers.

z z z z z : '■SHI
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The writer observed that the Lowest Potsherd or "Hanepoot"
Marker, where most of the fragments are seen standing on edge, 
cl ten grades laterally into normal yellow jasper. When followed 
along the outcrop for several hundred feet, or even yards, it is 
observed that the band again contains chert fragments standing on 
edge, which when viewed from above are often arranged in a crude 
radial pattern. In all outcrops studied the breccia bands are 
completely conformable to the beds in which they lie and show no 
relationship to any folding that may be present. No slickensided 
surface: have been observed and the bands are never warped. The 
foregoing relationships, together with the great lateral extent 
of an even-thick breccia, indicate that they are not a tectonic or 
slump feature.

Norton (1917,p.176-177) described how breccias may be produced 
by a prccess of desiccation. Ht states s- "Surface layers of un­
consolidated fine gra. »d Bailments such as clay or limey mud, 
when exjosed to the air, dry, shrink, and sun-crack. The angular 
mosaic 1ormed by the broken-up layers may again be covered with 
water ani interbedded in the following aedlmints. If dried blocks 
of the mosaic or pieces of their upturned edges are assembled by 
the waves, the fragments may be irregularly piled up in rubble ard 
should snow some we-r." Reynolds (I928,p.l0l) also described the 
formation of breccias by desiccation, which he referred to as
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peneconteaporaneoua breccias.
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A further indication of conditions obtaining during the 
formation of the breccias is given by the fact that the appearance 
of the Lower - or "Han.poot" - type breccia approximately coincide, 
with the last period of proto-riebeckite deposition in the Lower 
Criquatom formations. As will be discussed later, riebeckite 
was probably deposited in a restricted environment. If this 
depositional environment now suddenly became more open, tuch 
change may have been accompanied by core severe wave action.

In his description of the Gunfllnt Iron formation of the Lake 
Superior area, Goodwin (l956,p.573) also proposed a process 
involving desiccation to account for the presence of chert breccias.
He states that fragmented chert layers typically lie between undieturb* 
chert layers and thought that fracturing, fragmentation and bleaching 
in the breccias had possibly resulted fiom dehydration, shrinkage 
and erosion following surface exposure

iv) The Upper Jasper Zone - This zone is only 40’ thick in the area 
north of Danielekuil, but in the vicinity of Kuruaan it has a vertical 
extent of between 150' and 200’. It comprises all the rocks present 
between the Upper Potsherd Marker and the Tlllite Substage. These 
consist of pink and brown,porous, evenbedded shaley and "sandy" jasper 
layers alternating with brown to dark brown Jasper, "snuff-box" jaspers 
and occasionally light cream to grey chert bends. Thin magnetite layers, 
up to thick are found anywhere in tie zone, while disseminated
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Figure }0.
Jolites composed of chert arid magnetite set in quartz matrix.
Note cross-cutting crystals of magnetite. Ordinary light, X 37*. 
Upper Magnetite Chert. Upper Jasper Zone. Mt. Roper.
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euhedral magn.tlt. grains are present in both the "sand" jasper and 

jasper layeru. The "sandy" jasper layers rarely exhibit the 
pinch and swell structure so common in normal jasper bands.

The original composition of all "sandy" jasper bands, referred 
to as mudstones by Sngelbrecht (l962) and Hanekom (1966), in the 
Upper Jasper Zone, is uncertain. The sandy feel and porous nature 
of these bands suggests that some material was removed, possibly by 
reaching. That this leached material may have been carbonate and 
that the bands originally may have consisted of impure magnetite- 
bearing siliceous dolomite is suggested by outcrops on the farm Tay,
90 miles north of Kuruman, of magnetite-rich siliceous dolomite, more 
than 20' thick, also lying in the Upper Jasper L* Boreholes drilled 
on nearby farms also intersected magnetite-rich dolomites in fresh 
rocks below the Tilllte Substage.

In the area near Kuruman the Upper Jasper Zone is characterised 
by the presence of a 10' to 25* thick band of oolitic magnetite chert, 
which lies about 120' above the Upper Potsherd Marker, (Fig. 30)
This grey band has a similar appearance to the Magnetite Chert 
("Quartzite") Marker and is easily identified by its contrasting 
appearance to the surrounding beds. It can readily be recognized 
from a considerable distance because of the glittering effect produced 
by reflected sunlight from the disseminated magnetite crystals present 
in this bed.

Layers of intraformational chert breccia, typically with flatlylng 
rounded chert fragments such as described in the Upper Potsherd layers, 
have been observed at two localities in the Upper Jasper Zone. In 
both cases these laye-s only extend for forty feet or so before pinching 
out along strike, suggesting that the depositlonal surface was not 
entirely even and also at timsa exposed to the surface.

d. Nature and Distribution of Crocldolite Seams.

A description of the mode of occurrence of crocldolite lr. the 
Danielskuil area by Gevera (1947,p.6) is Just as well suited to the 
Kuruman area. He states "On any exposed fact- any individual seam 
may vary in thickness and is subject to rapid variations, the seams 
thinning, widening, petering out and coming in again. When one seam 
disappears another usually will reappear along the same bedding plane 
or close by at a slightly different level. Many of the seams have 
one side flat and the other very irregular and corrugated. Conical 
structures in multiple seams frequently intensify this effect.
Magnetite "screens" may divide individual seams into two or more 
portions. The presence of such screens renders the fibre discontinuous.
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Figure 31. 
Crocidolite Seams.

Figure 32.
Typical cone structures and associated "ridges" consisting 
of mass fibre and crocidolite. Fourth Lower Zone-Asbes Mine.

p. , Figure 33.

5 - Level - Bretby Mine.
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Figure 34.

Specimen of crocidolite as completely enclosed *rit.ngle formed 
at the intersection of three vertical joints.
4. Level, Bretby Mine.

Figure 35.

at vertical % H n t I r s e c t i ! ! s T ^ ^  °^er angular shapes 
4. Level, Bretby Mine.
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An antipathetic relationship of seams within a fibre channel is 
often observed, that is to say, one seam thins while the adjacent 
swells, thus equallising total width, Sucl. antipathetic seams may 
be adjacent or separated by a few inches, occasionally feet. It 
has also been observed that a similar relationship sometimes holds 
between super-imposed fibre channels separated by several, occasionally 
a few dozen, feet, the one improving as the other deteriorates. On 
the other hand, there are also numerous instances where several 
super-imposed fibre channels behave in unison, i.e. improve and 
deteriorate together. Such instances are sometimes the cause of 
enormous vaults in stoped-out portions of mines. Workable seams are 
all cross-fibre seams. Mostly the fibre is orientated at right angles 
to the enclosing walls, but "angling", i.e. somewhat oblique fibre, 
giving a higher ratio of fibre length to seam thickness is quite 
common. Slip fibre is of no account." Many of these features are 
shown by the specimen illustrated in Pig. 31.

Cone structures formed in one of two or more crocidolite or 
crocidolite-riebeckite layers are common, especially in more folded 
areas. (Pig. 32). These structures will be discussed in a separate 
chapter later in this thesis.

Crocidolite seams may have an even surface on both aides but 
quite often one surface may be very wavy and uneven. Such an irregular 
surface may show pronounced linear Indentations parallel to associated 

Joint directions (Pig. 33).

A sudden common change of direction in the orientation of 
crocidolite crystals within fibre seams often gives rise to "kinking" 
in such bands. This "kinking", also remarked upon by Cilliere (l96l), 
may be either parallel or oblique to the even surface on the croci­

dolite band.
Some crocidolite cams observed in the Br.tby and Moordhoek Mines 

may thin or cut-out at the point where they are cut by vertical joints. 
Completely enclosed' crocidolite triangles and other shapes formed at 
the intersection of such joints are shown in Pigs. 34 and 35. This 
relationship therefor, suggests that the crocidolite crystallized 
durire jr after the formation of such joints, and that the joint.
.nded or changed a condition which was favourable for the cry.talllwtio.

Of crocidolite.
Tr.nagr.ssiv. v.ln. »f cro.. fibr. rl.b..blt.. .pfr.ntl, filling 

fracture., r. quit, cu.cn in fh. «iri... Br.tb, ..d H.utdbc.b "in... 
Thl, .ftur.. 1. v.ry ccr.. . «  brittl. .b.n cc.p.r.d .itb ncr.nl 
crocidolite, and invariably occurs in veins filling fractures w



also t;unLeii.s abundant rlebecklte in the form of crocldolite and maaa
fibre.

An occurrence of such cross-cutting brittle fibre was studied in 
the Noordhoek Mine. Here veinleta of brittle fibre were situated ou 
the flatter dipping limb and along the strike of a 10' wide well developed -■ 
fold. The veinleta were steep-dipping, roughly parallel to the axial 
plane of the fold, about 4' deep and could be followed for about 7' 
before petering out. The veinleta cut through several erocidolite 
seams and mass fibre bands, bifurcating and joining continually, not 
only along strike but upwards and downwards as well. Or. either side 
of the "veins" the wall rocks could be matched; therefore no differential 
movement could have taken place along the fractures. The fibrous 
riebeckite crystals were invariably orientated at right angles to the 
"vein" walls, and while some disseminated magnetite crystals were 
present in the riebeckite there was never a magnetite layer on the 

walls of the "veins".

It was noticeable that each crocldolite seam suddenly became 
thinner or pinched out altogether at the point where it was crossed 
by the "vein". Those seams that cut out completely again attained 
their normal thickness within half an inch on the other side of the 
"vein". This indicates that the fractures, as in the case of the 
joints described earlier, could not *.ive formed later than the 
crocldolite, since they influenced its crystallization. The crosa 
fibre filling of the veinleta therefore clearly formed after the 
crocldolite seams and no source of filling material other than from 
the surrounding rocks appears to hive been available.

D^der the microscope the brittle fibre appears as perfectly 
parallel riebeckite fibres and it. X-ray diffraction pattern rnatmrn.
fiat of normal riebeckite. In the Bretby Mine it was occasionally 
found that the fibres were somewhat softer and closer to crocldolite 
in physical form. Again no magnetite layer was associated with the 
fibres. Du Toit (l945,P.174) Oenis (1961,p.2l) and Cl.Uiera (1961.
,.40) also described such veins. They .11 "marked upon the brittle 
and coarse nature of this fibre whe- com. ared with that occurring in

normal seams.
dll' .r. nolle- tent . 1 1 1 "  11 found .Ion,

. „ U  full, or in .h..r ion.., -hleh 1 -  1 -  “



being filled by rlebecklte. It, is therefore possible that the fibrous 
riebecklte crystallized under tenslonal conditions.

In the Kuruaan asbestos fields fibre-bearing zones are referred 
to in the following manner. A single seam of fibre is known as a 
band. t ajries of closely spaced bands may constitute an economic 
"ree ithough this term is infrequently used. A series of bands
spread over a tnlckness of up to 6 ' is said to constitute a "cut1*.
This term has its origin In the mining methods employed in the area 
whereby up to 6 ' of fibre bearing rock is removed in one operation.
When the bands extend over more than 6 ', two or more "c-ts" may be 
necessary, and these are referred to as the "first cut", overlain by 
the "second cut" and so on.

field and underground mapping together with information provided

by numerous boreholes spread throughout the Kuruman area has indicated 
that concentrations of riebecklte, mass fibre and crocldolite tend to 
be located in certain definite stratlgraphlc zones in the Lower Grloua- 
town Stage. This fact is of considerable eco ' importance and has 
proved of great value in the search for asbestos deposits.

The zones in which bo ;h mass fibre and or crocldolite concen.vations 
occur can be correlated with success over considerable distances if 
note is taken of their positions in the succession relative to prominent 
marker bands, more especially the Main "arker at the top of the Banded 
Ironstone Substage. Over small areas all riebeckite/crocidolite reefs 
follow tne same stratlgraphlc plane; but when viewed on a more extensive 
scale most horizons are discontinuous and may move Ightly up or down 
in the succession relative to the position where first observed. It 
must also be understood that in the Kuruman area riebecklte and crocl­
dolite are not evenly distributed when the zones are examined laterally. 
Different exposures of a riebeckite/crocidolite zone within a small 
area may show varying concentrations and proportions of these two 
minerals, in rare cases neither riebecklte or crocldolite may occur, 
though a zone can usually be identified by the pretence of at least 
a email quantity of riebecklte (mass fibre).

n ^ . d o Mt. is only deysjoSSL^ r '  t̂ .e rocks h.v, b.,n W.on*. 
in some cares the deformation has resulted in only very slight change 
in the regional dip of the strata but this appea,-- to have been sufficient

to allow the formation of crocldolite.
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of the zones relative to the Main Marker which is continuous over the 
entire area.

The Bottom Fibre Zone refers to riebeckite-nch layers which 
may be present between 60' and 90' above the top of the Dolomite 
Series. This zone is irregularly developed and the only economic 
fibre concentration being exploited at present is on the farm Whitebank 
near Kuruaan.

Any fibre formed from 210' to 400' below the Main Marker is 
considered part of the Fourth Lower Zone. Being the thickest of 
the zones, it may hold large economic fibre concentrations, such as 
at the Riries Mine, Plate XII. However, in many folds large concen­
trations, of riebeckite consist mainly of mess fibre with only a 
lit tic crocidolite while some boreholes have passed through the 
entire Fourth Lower Zone intersecting only traces of mass fibre.

Although fibre in sporadically developed in the banded ironetonee 
between the Bottom and Fourth Lower Fibre Zones, economic concentrations 
between these horizons are as yet unknown. Consequently these occurrences 
have not been assigned to a numbered fibre zone.

All crocidolite between 115' and 210' below the Main Marker is 
grouped as the Third Lower Zone, while that developed in th. 80' thick 
zone found between 40' and 115' from the bottom of the Main Marker is 
regarded as part of the Second Lower Zong.

Fibre developed nr the Second Lo er Zone. In the Rirlre, Ht.Vere, 
Whit.rock end Aebee hln.s 1. on the «... etr.tlgr.phlc pl.n., ehlch 
doe, not exactly corr.epond to the horteone In »hlch fibre on th. e™. 
eon. 1. found In th. .ine. to th. eouth. Plbr. occurring in th. Second 
Lower Zone, of th. Br.tb, and Or.yllng "in... only about 6 .11.. .part, 
.1.0 doe. not lie in the .... etr.tigr.phic plene.

An, fibr. developed in th. fir.t 40' of banded iron.ton. b.lo. 
th. ".in Marker would b. Included in the fir.t Lower Zor,,. A.be.to.
1. not often developed in the Main «a*.r Bed, but b. found there 
in the are. between 20 all.. 'Oath and 15 .11.. north of Kuru»n.
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for „ further 50' Into th. ov.rlylng Ja.p.r- The l.«t.r ph.nen.
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Chert Marker. These asbestos bands are particularly well developed 
directly above known fibre deposits on lower zones, e.g. Ashes, Mt.
Vera and White Pock Mines. All uuoh fibre is grouped in the Third 
Upper Fibre Zone.

A zone of mass fibre-riebeckite concentration, also known as 
the Fourth Upper Zone is present over the entire area, but is very 
poorly developed in the south. It lies within the 30' of jasper 
underlying the Lower Potsherd Marker, and marks the last appearance 
of any sizeable concentration of riebeckite in the Lower Griquatown 
Stage. Usually a little riebeckite, mostly as radiating tabular 
crystals and needles, is found in the matrix cf the Lower Potsherd 
Marker and up to 20' to 30' above it. Above that horizon no riebeckite 
has ever been observed in the area.

Concentrations of economic fibre in the Fourth Upper Zone are 
not known but the finding of crocidolite, even if only as tiny 
sporadic layers, often indicates the presence of as yet undetected 
folds. Such folds may be more strongly developed in the underlying 
banded ironstones, and may then contain economic concentrations of 

fibre.

Summarizing, one may thus say that in the Kuruman area it has 
been found that, apart from the mine on the Bottom Zone at the farm 
Whitebank, economic concentrations of crocidolite are confined to the 
First Upper and First to Fourth Lower Zones. The four lower zones 
comprise about 400' of banded ironstones, lying immediately below 
the Main Marker Bed. Crocidolite in theme zones is developed over 
a sediment thickness of 380' at the Riries Mine, 420' at the Strelley 

Mine and 360' at the Grtyling Mine,
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#st, over a vertical distance of 700’ or more. 

JLi Llthology of the Tlllite Sub stage.

These rocks, overlain by the Ongeluk Lavas of the Middle Oriqua- 
town Stage, are seldom found outcropping in the Kuruman area. From 
exposures on the farm Noordhoek, north of Danielekuil (Plate II), 
the thickness of this Substage is estimated at 140', comprising a 
lower 40' thick layer of tillite grading upwards into shales and 
mudstone. Near Kuruman no complete cross-section of the Substage 
is exposed, but farther north, according to Mr. P. Salt of the 
Geological Survey, (Pers. comm. 1964) the Tillite Substage may be 
up to 300' thick.

On the Farm Woodstock (Plate IV), jasper of the Upper Jasper 
Zone is conformably overlain by tillite, which outcrops as rounded 
grey coloured boulders possessing a coarse gritty surface. When 
broken the rock is buff, pink or purplish in colour with Inclusion# 
of grey chert and brown jasper, varying in else from small grains to 
fragments 4" long. The rock is similar to the tillite occurring 
to the south of the Kuruman area described by Truter ̂ t li. (1938,p.
19), it's sandy matrix is composed of iron-rich chert grains with 
a buff to red brown colour.

North of Kuruman, Jasper of the Jasper Substage passes conformably 
into a 10' thick oolitic magnetite chert zone which is in turn overlain 
oy tillite. The tillite contains both angular fragments and rounded, 
which rarely exceed 6" In diameter and consist of light grey and grey 
chert, black waxy chert and brown Jasper, apparently all derived from 
the underlying Dolomite Series, Banded Ironstone and Jasper Substages. 
Striated jurfaces are often seen on the pebbles both on flat or slightly 
convex surfaces. No striated floor has ever been found.

Du Toit (1954,p.160-161) estimates the Tillite Sub.tag. in the 
Northern Cup. to be about 50' thick. South of the Kuruman area, near 
Koegns, Cilliers (l961,p.55) found the tillite zone to be of this 
thickness, but only 10' is actual tillite, the rest being mudstone.

C. W E  RECENT SHRPACE DEPOSITS,

Th. ,.11.,. surrounding th. outcrop, of Wnd.d Iron.ton. .nd
p«r in th. . .. . . .11 flU.4 "lth " 1"  “  f M ‘
oh. ftl. rubbl. 1. g.n.r*ll, oo».r* by r.d ..nd .1th lnt.rb«ld«.

of ,r.,.l con.,.tin, l.r,.l, of roundod p.bbl.. .nd bould.r. 
1,«1 fro. th. .unrounding M U . .  In th. north... p.rt of th. r.. 
s.ud cov.rlng lnor..u.. In thlchn... .nd - Z  f»~ **»*“ <"» d» "



Commonly gravel beds cemented by a brown ferruginous later!te 
outcrop In and near dry stream beds. As these gravels often consist 
of subangclar pebbles derived from nearby outcrops, they may resemble 
fault breccias, and have Indeed been regarded as such by inexperienced 
geologists when such a stream bed approximately follows a suspected 
fault direction.

Surface limestone is almost never found in the immediate Kurumen 
area, in strong contrast to its abundance in the more arid Koegas aroa 
farther south. Cilliera (1961,p.59) considers that this is due to the 
higher rainfall of the northern area.



D. STRUCTURAL GEOLOGY Q? THE KUHUMAN AREA.

1. General.

In the area be tween Prieska and Kuruman, the rocks of the Lower 
Griquatown Stage are present in a series of broad inter-connected 
doubly plunging synclines, elongated in an approximate north-south 
direction; but from Kuruman northwards, these formations lie in a 
narrow west-dipping belt. The Kuruman area, as discussed in this 
thesis, is situated entirely on the eastern limb of the north west 
plunging Dimoten Syncline (Plate l), a broad assymetrical structure 
with gently dipping limbs. The nose of this structure is situated 
immediately to the south of the village of Danielakuil, whi? e the 
eastern limb, which is formed by an extensive arc-shaped belt of 
hills, extends for more than 60 miles from this village to beyond 
Kuruman in the north. The less conspicuous hills of the western 
limb die out northwards. Near Danielakuil, in the southern part 
of the Kuruman area, the Lower Griquatown formations dip to the west 
at very low angles of between 1 and 4 (Plates II and III)* North­
wards near Kuruman, (Plates IV and V) this westerly dip increases to

between 4° and 12°,

The structure of the area north of Danielekuil was briefly 
discussed by Truter it ti (1938) and Visser (1944), while Boardman 
and Visser (1957) described the structural geology of the Oriquatown 
area situated immediately to the south of the Kuruman region.

Visser (1944,p.247-252) mapped a large area mainly situated to 
the south west of tne Kuruman area, but which included the area north 
of Danielakuil. He examined the rocks of the Lower Oriquatown Stage 
.. ..11 .. younger for-tlon. of th. Lo.k"r. ».t.ro.rg-<IUt.«p), *»» 
Karroo ,nd ... .01. to ..c.rt.ln th.t th... rook, had b..n
0ubj«ct«d to .t 1 . t t»o p.rlod. of d.for-tlon. » •  flr.t. .lid 
parlod of folding, did not .ff.ctth. e n g . ™  for..Win, corr.l.t.d 

th. Lo.kop s n f .  Th. l.t.r -or. Int.n.. d.for-tlon ocourr- 
during po.t-h.tanp tu... fold. for.«l during both p.rlod. t. .nd In 
. gan.r.l north oouth dlr.otlon, .nd .r. th.r.for. difficult to 
dl.tlngulah fro. ..oh oth.r. »l...r not only ..t.bll.hri th.t .11 
th. funD.tlonn ..r. Int.c.ly f-ldl during th. po.t-ll.t..p p.rl«l, 
but th., ., th. .... - I -  10. .»«!. thru., f.ult. . . T b f d  
Po.tM.burg, . to.. .ltu.t«i .bout 70 .11.. ..uth ...t of K u - u m . .

Th. roault. of lnv..tlg»tlon. .till 1» f"« ' l” th* f0,t“ -
burg  .......publi.hod In Qu.rt.rl, «... of «-to„c.l 3urr.y
of South k m c .  (1966,p.If)« u«..t th** = - « * "  for..,ion
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Vleaei'd, 1944) first period of folding is even older; however in this 
thesis the two iold periods will still be referred to as pre—Losltop 
and post-Hatsap.

2. Holding-

In the Kuruean area numerous folds have formed in those banded 
ironstones situated immediately above the Dolomite Series; but only 
a few of these persist upwards to the formations of the overlying 
Jasper Substage. Not only do prominent folds in the band.... i ronstones 
die out upwards in the succession, but certain tones (often fibre 
bearing), of the Banded Ironstone Substage are frequently more 
intensely deformed than the strata above and below them. Recognized 
fold trends are orientated anywhere between north west and north east.

Two distinct fold types having either vertical or inclined axial 
planes can be recognized. Wide open folds normally have vertical axial 
planes and their fold axes strike in directions that vary between north 
and north east. These comparatively large gentle structures are generally 
very inconspicuous in the field because of the very small changes of dip 
in the strata involved. The more pronounced folds may have been 
accentuated by further pressure. This further folding was accompanied 
by the formation of pronounced relatively small, narrow folds, practically 
confined to specific banded ironstone zones. These younger narrow 
structures occur within the larger folds and immediately surrounding 
areas affected by the larger structures. The younger folcs are 
characterized by their inclined axial planes, usually dipping to the 
west, their normally cross-cutting relationship to the larger fold, 
within the limits of which they often lie, and by showing a wider spread 
of their strike directions, which may vary from north east to north west.

There is no way of determining the actual fold ages since only 
fora.tlons of th. Tr.n.v..! Sy.t.. occur In th. . . .  ..pp-i. Ho..».r,
in ,1.. of Tlos.r'n (1944) finding, dl.cu..^ pr.vlou.l,. th. nrlt.r 

th«t th. old.r .lid d.fontatlon. «r. of pr.-Lo.kop .,. »hll. 
th. ,oung.r .r. thought to h... forked during th. po.t-».t..p p.riod.

C t l .  op.n fold., effected by younger croe.-cuttlng .tructur.., 
„.t d...loped ne.r th. «.!» «.rk.r .nd in th. l»-l.t.l, Ok.rlyln, 

J.eper., Th.y . .  n.rro. 'clger' .nd bro.d.r "pod" .h.p.d .onoolln...
.. d.fl„«i by Billing. (1954). or t.rr.o. fold, .hlch .dooming to

(1942,p. 52-53) r. «7Pl«U»
(Fig. 36). Cpu.rd" th. folding dl.. out co.pl.t.l, -Ithln . .hort
dlat.no., but th. .onoolln.. d.,.lop Int. l.rg. .lon^tm doubly 
plunging pynclin.a In d.pth. Th... ^ n „ .  .ynolln.. h... .ppmnl-tul, 

vertically orientated axial planes.
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',Cigar"-shaped folds are more common in the southern pert of 
the Kuruman area, where they vary in size from tiny structures to 
folds affecting areas measuring from 60' X 300' to 200' X 1,400' 
and which have their fold axes orientated between north and north- 
north east. "Pod"-shaped folds are characteristic of the northern 
area and may be up to 1,800' X 3,000' in size with the lold axes 
trending between north and nc.th west.

In all cases the structures die out upwards in the succession 
so that folding is very rarely seen in the jjapers situated 500' or 
more above the Main Marker Bed, but persist downwards with increasing 
intensity for distances of 700' or more but in the underlying dolomite 
the folding again becomes decidely less pronounced.

The crocidolite deposits in all the mines studied by the writer 
also have "pod"- and "cigar"-shaped outlines and occur within the 
limits of the similarly shaped folds just described. The centres of 
these crocidolite concentrations generally coincide approximately 
with the cores of the folds. Quite often such folds continue beyond 
the limits of asbestos development, though at times the edge of a 
fibre deposit may coincide with the limits or hinge zones of the 
folds. The crocidolite deposits are all elongated in directions 
between east of north and west of north, which is the sf^i as the 
direction of the fold axis.

Within, and immediately surrounding the areao effected by the 
large "pod"- and "ciger"-shaped folds, specific zones, typically 
found in the Banded Ironstone Substage, show marked younger die- 
harmonic folding as defined by de Sitter (1964,p.213), (See Fig.
37 and Plate X). These sharp flexures are locally referred to as 
"rolls" and are narrow elongated structures, individually between 20' and 
300' long. Several flexures may however comprise a uarrow fold 
zone extending for thousands of feet. In individual flexures the 
fold axis may trend anywhere between north east and north west; but 
zones of grouped flexures normally trend between north and north 
woet. The east dipping limbs of the flexures generally have much 
steeper dips than the west dipping limbs; therefore the axial planes 
typically dip west. The surfaces of stilpnomelane bands above and 
below dlsharmonically folded banded ironstone zones almost invariably 
show signs of relative movement (slickensiding) indicating that the 
contacts of these layers probably acted am detachment planes.

In some cases the flexures are confined to the eastern or western 
limits of north-south elongated aebeston deposits and then consist of 
long narrow structures arranged in a tightly packed en ,ch,lqn pattern. 
When situated within asbestos deposits such narrow fold zones usually 
cut obliquely across the larger "pod"-ehaped folds, continuing beyond 
the limits of the gentle structure. This relationship is clearly 
visible in the Bretbv Mine, described on o.,. <* . When th. fie----
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occur within an aabeatoe deposit, zones of tensile stress in these 
folds generally contain more asbestos than is found in rocks adjoining 
such structures. In each case it was found that the asbestos fibres 
were orientated at any angle within the a - c fabric planes of these 
apparent younger flexures and that no crocidolite occurred on vertically 
orientated (compressed) limbs of the folds. Asbestos is also developed 
in the flexures when they occur outside the limits of the large gentle 
folds.

Although the large "pod"- and "ciger"--shaped folds in the Kuruman 
area are on first inspection distributed a; random, an en echelon 
arrangement can in many cases be reco, ized. (Fig. 37 and 38). At 
the Bretby, Asbea, White Rock, Riries and Mt. Vera Mines it was found 
that asbestos is in each case present in at least two large separate 
en echelon folds. Such doubly plunging structures may also be part 
of a series of en echelon folos extending over thousands of feet, as 
shown on Plates III and IV.

As explained by Campbell (1958,p.448-453), doubly plunging 
structures may form by en echelon folding in horizontally layered 
rocks being produced simply by a horizontally directed stress from 
one direction. Alternatively, it is accepted that jn echelon folds 
may be produced by the intersection of two separate fold trends.
(De Sitter, 1964).

Campbell experimentally illustrated the development of fche^gn 
folds by exerting pressure with his thumb on rice paper, mounted over 
a soft past, a method originally used by 3. Tokuda in 1926. (Fig. 38)

In those parts of the Kuruman area where north trending basin-like 
folds occur in well exposed formations, the writer found no evidence 
of intersecting east-west trending folds outside the so called basins. 
S.nce most of the known folds occur in closely spaced fin 
patterns, the writer is of the opinion that such structures resulted 
fro. ,l.pl. != .ch.loo folding. In thin typ. of folding, th. pro1n.nt 
north trending .o.oolln.n «nd t.rr.0. fold., .»d th. n«rl, ...t ...t 
.ppar.nt oro.e fold. In ohlch th.y 11., (cu.lng th. north trending 
fold, to b. doubly plunging). "°uld b. .i.uifn.ou.l, for.«l.

lUght> hand pn .ch.Ion p.tt.m. pr«io.ln.t. In th. Kun-.n . .. 
but .1.0 l.ft- hand an .ch.Ion folding, .«=» "  occurring at th. l.b.. 
,1.., 1. not unco-on. In th. pa.t th. pr...nc. of t«o ffi jcHHsn 
fold d i c t i o n ,  in on. . .. ... not g.n.r.U, r.cop.ln.d,
c.rruther. and Pr.tt-n (l961,p,1099) .1.0 r.port«i th. oo-.xl.t.nc.

of rlght-h.nd .nd 1.ft-h.no pn P i l l M  P - - " -  » •
Of th. Broken Hill lod. In Au.tr.li., Thl. typ. of folding ... 
•xp.rin.ntally oonfl—  by O ’Bri.coll (I9b.,p,10e9) .bo .tudl-
d.fornatlon by .i.,1. - h - r  .1th th. h.lp of ll»«r nod.l. In .hlch
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postulated shapes were deformed in specified ways by homogenous 
planar translations. Concerning en echelon patterns he found that 
two potential direction trends co-exist, of which one commonly pre­
vails by virtue of a fundamental majority of status.

In view of the foregoing it is suggested that the relatively 
large mild "pod"-shaped folds originated during the earliest or 
pre-Loskop period of folding. The more intensely folded flexures 
with inclined axial planes probably belong to the younger post- 
Matsap period of deformation referred to by Visser (1944).

Bhattacharji (l958,p.6?5-6?7) experimentally produced oblique 
cross folds and parallel en echelon folds by one-sided non-uniform 
compression in layer groups of putty, all in the same phase of 
deformation.

However, the sharp flexures of the Kuruaan area associated with 
the asbestos deposits, clearly cut through the milder folds and are 
therefore younger. That the Lower tiriquatown Stage may have been 
subjected to two periods of folding is also suggested by the relation 
-ship of crocidolite to the folds. As will be shown when the indivi­
dual mines are described, the centres of crocidolite concentrations 
coincide with the cores of the milder folds, and crocidolite develop­
ment is confined to the areas of such folds. Zones of tensile stress 
in the younger flexures are also filled by crocidolite and the asbestos 
fibres are invariably orientated in the a - c fabric planes o' these 
folds of presumably post-Matsap age.

The younger croon cutting flexurea, opart from th.lr in ttiitJ' 1 
diotrlbution, char.cterl.tlcU, give rlo. to dl.h.r.onlcolly folded 
bended ironoton. zoneel .op.ct.Uy in loy.ro fro. th. Third U».r

fibre Zone do.n.ordo. 6. Sltt.r (I964,p.213> d.ocribod thin typ. 
of folding .. "gl.ln. •xpr.o.lon to th. obo.rr.tlon th.t th. ccttn- 
uetion of . fold dovnwardo 1. oft.n neither concentric nor .Jailer. 
I f .  .cot ootr... for. 1. found .ho. . fold dl.o out doon.erd. ..ry 
quickly .nd thu. for.. . ".rlnkl." ebo.o on undl.turbod ourf.c."
Th. letter ourf.c. i. r.f.rreo to no . d.t.ch..nt horl.o, .nd . fold 
of thl. typ. 1. lllu.tr.t.d in fig. 41. Do Sltt.r further ot.t.0 
-th.t th. b«l in .hi=h th. di.her.ony b.t...n th. ...rlylng or under 
-lying bed h.. b..n eff.otW 1. el.eye •« ln=o.p.t.nt »nb.r in 

relation to it's wall and roof."

in co.pl.t. contre.t, « - b . „  (I964.p.3ff7) conclude fro. 

.ip.ri.ent,. .h.r.b, ..rlou, rubb.r .h..«.
co.pre.eion, th.t .ith.r buokll^, or l.y.r rhort.nln, occur, in ». 
co.,.,.„, end e n d e d  in ln.o.p.t.-t -t.,i.l. Tie r.,.,1.. rot.

th .t  i t  t .  th . .o r .  c=mp.t.nt l . y . r  .hlch r..p=nd. to co.pr.e.iv.



etrens, eeaentlally by buckling.

Th* writer is not certain whether the diaharaonically folded rock 
eunea of the Kuruaan area are competent or incompetent relati»# *o the 
eurro >nding beda. The highly deformed rocka may contain much croci- 
dolite (up to 25$), aaaa fibre and etilpnoaelane, rather auggeeting 
them to be more plastic than umer or overlying aonea which may 
contain leaa of these materiala. However, Raaberg'a findings do 
explain dieharmonic folding of certain chert-rich aonea aoaetimea 
observed in the rocka of-the Kuruaan area.

It is considered that proto-asbeatoa was first concentrated in 
the older structures, but that the asbestos only crystallised during 
the Jeter period of folding. It is considered possible that proto 
asbestos was concentrated in very shallow depressions that existed 
during the deposition of the formations and that these pre-exls 
basins influenced the subsequent formation of the earlier pod" 
shaped folds. This would explain the existence of crocldolite 
deposits in folds which have an apparent naphaserd distribution. 
Folding of the Lower Griquatown Stage formations did not necessarily 
coincide wivh pre-existing concentrations of proto-asbestos| this 
might explain the occurrence of asbestos deposits in only some of 
a series of en echelon structures, such as seen xt the White Rock 

Mine described on page 112 .

Slip-fibre or fibre disturbed after crystallisation is some­
times seen on fold limbs, indicating differ-ntial movement after

e was formed. Whether this indicates a third period o< folding

jt certain.

3. a. LM-
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strike directions of such faults show considerable agreement with the 
prominent joint directions in the surrounding rocks. These joints 
follow . irth easterly, .iorth westerly, easterly and northerly directions 
and are all approximately vertical.

It was established from water boreholes on the farms Biries 
(Plate T), Ashes (Plate I?) and Bretby (Plate III), drilled in or 
along the sides of three major fault planes, that these dip vertically 
or nearly eo. It will be shown later, when faulting in the Individual 
areas is described in more detail, that some faults cut through the 
younger (post-Matsap) folds and that the general picture in each case 
suggests that the Lower Oriquatown formations collapsed to form fault 
blocks along pre-existing joint directions during a period of gravity 
faulting. This faulting is thought to have begun during a period of 
horixontal tension which set in after relaxation of the post-Matsap 
stresses and which may ha#e continued for a long time. The latter 
statement is suggested by fauit-dyke relationships, described in 
detail on page H I  , where a dyke of the Biries Mine cute through 
one fault but was also sheared during younger movement.

Slight bending in the otherwise even-dipping formations along 
some gravity faults, (ie. Asbes, Plate IV) is interpreted ae having 
resulted from drag during collapsing of the fault blocks.

Truter il ai (1938.p.59-60), and also Visser (1944,p.247), 
described some of the larger gravity faults in the areas north of 
Danielskuil. Because of the regional nature of their work these 
earlier geologists only mapped the more obvious faults, and eo did 
not interpret the complete fault pattern as it is known today. Since 
they also did not have borehole information concerning the fault planes 
they concluded that the strike faults were steep-dipping reverse fault, 
and that the transverse fractures were tear faults, all -Hated to the 
post-Matsap tectonic disturbances. Boardsan and Visser (l958,p.41-43) 
also described the faulting in the Lower Griquatown Stag, south of the 
area under discussion, and regarded these as over- and under-thrusts.

Although thrust faults have not been recognised in the lurusan 
area, the writer is of the opinion that some small thrust, may well 
exist. This is suggested by the presence of numerous «all over-folds, 
with axiel planes dipping at low angles to the west, mapped in the 
mines of the Kuruman area. The moat intense folding was observed in 
the Biries Min. and is described in detail on page 118 . H e r e  
br.ccl.ted folds occur in a stag. Just prior to the "nation of thru

_  i , .. poB.ibi. .M t « ,hru*,‘
occur in W .  vlclrll, of th. Ulrl.. .n» »*■



4. Minor Structures.

A regional study of Jointing was not made, but numerous clear 
cut straight vertical joints may be observed anywhere in ♦he Kuruman 
area. They are predominantly oriented in four directions, striking 
north, north east, east and south east. Almost all the Joints observed 
in the folded asbestos deposits cut through both crocidolite seams and 
the youngest folds as sharp straight lines; they also have smooth 
parting surfaces.

Specific attention was paid to rare, apparently earlier, vertical 
Joints in the Bretby Mine as they appear to have had some influence on 
the crystallisation of crocidolite fibres. It was observed that super­
imposed fibre cearns either thinned or petered out completely at the 
point of intersection by such a Joint. If the fibre band pinched out 
t regained it's normal thickness within a few inches on the opposite 
side of the intersection. (See page 86 )

There is still much confusion among various authors as to the 
origi f joints. Some advocate that Joints resulted from tectonic 
disturbances, while others have pointed out that evidence for these 
relationships -ire lacking.

Nevin (1942,p.131-144) class!fed Joints under two general 
groupings; those caused by tension and those resulting from shear.
He suggests that if sediments lave been buried under eucceeding 
deposits and if removal of this overburden takes plaoe permitting 
cubical expansion, then the resulting fractures will be tension Jointa. 
T.n.lon Joint. .1.0 ....cl.t«l -itt fult. cr for. .. . roonl. 
of 100.11..d .trotchln, of . roc. ua. durln, folding. "” 1" 
th«t <h. porting ourf.c. of t.n.lon Joint, r. llk.U to b. irr.gnl.r 
.nd curved. . ch.r.ot.rl.tlo of .h..r Joint. 1. to. d.v.l.m.nt of 
..ooth port Inga .01=0 .or. oft.n tCn not r. .l~.t pl.n. aurf.n..,
TO. Oard.r concretion, in .~k aO.la. • "  a.ootOl, .11=^ 0, .0~r 
Joint.; .nd cO.ng.a of UtO.lcg, . . no, .. .ff.otlv. in prcdncln, 
irr.gul.rltl.a in ,0. Joint  ......   t.nalcn 1. d«.in.«t.

Bcdg.cn <1*1,,.17) lnv.atlg.tad . 2.000 a,u.r. .11. "  °<
10. Colorado Pl.ta.u .O.r. .-i-t.f» ~=0. r.n,ln« fro. P.nn.,lv..i» 
to l.t. Cr.t.o..u. in «r. ..p.- -  00.01—  to., — j -

Holmes (1963,p.1411-1412).
„. 31,tar (1* 4,p.105-lU) .1-01- - »  "
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relation between tectonic disturbances and Jointing, but that in some 
cases obvious relations were present. According to De Sitter the 
following types of joints ray be expected in moderately folded rock.

a) while the sheet of rock is in the simple stress condition:
1. Shear-Joints making an acute angle with the defori’ative stress.
2. Tension-joints parallel to this stress.

b) During the secondary stress condition caused by elastic bending 
of the sheet being folded.
Shear-joints with their acute angle bisected by the anticlinal 
axis and tension-joints parallel to the axis.

c) The elastic state of stress in the bent sheet creates yet 
another system called frictional shear-joints parallel to the 
fold axis.

d) Finally, release tension-joints are formed after the stress 
has vanished, either parallel or perpendicular to the fold 
axis.

Since, as mentioned on page 63 • nearly all Jointa in the Lower
Griquatown Stage of the Kuruman area strike approximately north, north 
east, east or south east it is very likely that these fractures could 
be shear- or tension joints formed during the poet-Hatsap period of 
folding and release tension-joints formed after the pressure from .he 

west had been relieved.

Roberts (1961,p.486) studied joints in the South Wales Coalfield 
and observed that shear-joints often exhibited feather fracture, a 
feature not observed on joint planes attributed to tension. Feather 
fracture was not found on any joint planes in the formations of the 
Kuruman area. The characteristic lack of discernible displacement 
along joints indicates that the stresses in the vicinity of the joints 
were relieved by joint formation, otherwise an enlargement of the 
joint or displacement normal to or parallel with the face would have

occurred.
Th. relationship crooldollt. b.nd. and th. old.r Joint.

observed In th. Br.tby «ln. euM.et. «»•« >»• ^.t.lHt.d
during or eft-r th. formation of th... fr.otur.e. Si... th. dl.trlhutlo. 
of ..beetoe .nd orient.,10. of fibre, eho. . r.l.«ion.hlp to younar 
fold, .nd .... «h. ..rll.r Joint. through th. .... fold..
It 1. suggested «h.t Jointing e a r O d  .t th. .nd of th. folding, .ft.r 

the rocks were deformed.
Layers of t.bul.r rl.beo.lt.- .nd .1 .ne.ot.lt. oryefl.. orl «t.«.d

in . "lattice-lik." f.ehlo. (rig- 9 •"« f°Un< “ *

- — - -  —"leg" of the "lattice" is o
of shear sones present in the vicinity, -hll. th. oth.r "l.g" "  orl.nt.t.d



at angles of between 70° and 86° to such shears.

McKlnstry (1953), quoted by Moody and Hill (l956„p.1211-1212), 
developed a thesis of secondary strain features and discussed several 
kr 'wn fault systems in terms of second order shears. He wrote :- 
"If movement is in progress on a main fault or "master shear", stresses 
in the rock adjoining it will have such orientation as to cause failure 
on a new pair of mutually complimentary planes, one of which will make 
an acute angle with the master shear."

Moody and Hill studied such shearing in detail and state chat 
the value of the critical angle ^ , which is the angle between the 
fiMt-order wrench direction and one of the major second-order strain 
directions, has not been satisfactorily determined. It varies between 
5° and 30°, with an average value of 15°. Moody and Hill show that if 
the angle ̂  , between the first-order wrench direction and the principal 
stress direction, is also known, the second-order shear directions may 
be calculated. By applying the theory described above it will be shown 
on page xigof this thesis that the riebeckite and minnerotaite crystals 
mentioned above are possibly orientated in the direction of first-ordei 
major shears and main second-order shears that resulted during a period 
(post-Matsap) of horizontally directed pressure from the west.

Similar secondary minnesotails crystals were described by Blake 
(1965,p.151) in silicate-rich samples of the thin tedded facies of the 
Trommald iron formation in the Cuyuna district of Minnesota. He 
mentioned the occurrence of coarse (50 to several hundred microns in 
length) pematobiestic minnesotaite crystals orientated along secondary

rock cleavage traces.



B. THB IQMlOtlS IKTRUSIQN§.

1. General.

Numerous basic dykes and Bills occur as intrusions into the rpcks 
of the Lower Griquatovn Stage. Dykes are never observed in outcrop 
and ur .'oathered specimens can only be obtained from underground exposures 
in the various mines in the area. Sills, however, frequently outcrop in 
♦he area south of the Bretby Mine where they appear to favour three 
stratigraphic horizons in the succession. The sills vary in thickness 
irom a lew feet to more tnar 190' and are generally slightly tranagressiwe.

Dykes are rare in the southern part of the Kuruman area but 
become progressively more common northwards. They vary in thickness 
from a few inches to 200' and can in some instances be followed for 
distances of up to 8 miles by means of concentrations of vegetation.
All dykes observed underground and those intersected in numerous bore­
holes drilled for water are vertical or near vertical. They tend to 
8"trike in a direction that is parallel to nearby or adjacent gravity 
faults, but may in some caoes cut across such faults (Plate ?). In 
the Kuruman area by far the largest number of dykes strike in a direction 
which varies from north-south to north-east - south west. Occasional 
dykes having an east-west strike are present; but north west - south 
east striking dykes are distinctly rare and have only been recorded 
from the vicinity of,the Asbes Mine.

In the Postmasburg area approximately 30 miles south west of 
DanieMcuil, Truter et al (1938.p.45-49) distinguished between pre- 
Waterberg (Matsap), post-Waterberg pre-Karroo, and post-Karroo dykes.
Those of the first group show similarity in appearance to the Ongeluk 
Lavas; the second intrusive in the Matsap formation consist of much 
altered basic rocks; the post Karroo types were identified purely on 
lithological grounds, being essentially composed of unaltered plagio- 
clase end pyroxene. In the Foegas area to the south Cilliers (1961, 
p.59-60) concluded that the intrusions present there belong to at 
least two ages, fe regarded the sills as being related to the Ongeluk 
Lavas and thought the dykes to be of post-Waterberg age, but found it 
impossible to determine the exact period of intrusion.

In the Kuruman area field relationships alone also do not yield 
evidence concerning the exact ages of the dykes.

Visser (1944,p.216) observed that in general the dykes appear 
to have been unaffected by the poat-Matiap folding. Truter li ll 
(1938,p.45) however, consider the possibility that some dyke intrusions 
may be related to the outpouring of the Ongeluk Lavas of the Middle 
Gri qua town Stage. More than one period of dyke and sill intrusion in 
the Kuruman - Danielskuil region is indicated by the following observations
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In the Riries Mine an older,much altered, baeic dyke ie intersected by 
a comparatively unaltered doleritic type. Both dykes, as well as ma\y 
of those shown on the accompanying maps, cut through the youngest folds 
and are therefore regarded as of pcst-Matsap age. Also in the Ririee 
Mine the youngest of the two dykes mentioned has been sheared along a 
contact tone as a result of relatively younger faulting, while in 
other areas dykes cut across the faults without dislocation. This 
relationship is of course aloe suggestive of more than one period of 
faulting. In the Koegas region (Cilliera 1961,p.59) observed that 
certain crocidolite seams petered out as they approached sills. From 
this he concluded that the sills predated the formation of asbestos 
and had been instrumental in squeezing the proto-asbestos material 
away from their Immediate vicinity on intrusion. On the other hand 
Hanekom (1966,p.146) found that asbestos fibres occurring in contact 
with a transgressive sill in the Owendale No. 1 Mine, on the farm 
Owendale to the South of Danielskuil, had been completely altered to 
quartz. As this would appear to be an effect of contact metemorphism, 
the age of this sill at least postdates the fibre formation. In the 
area north of Danielskuil the sills were clearly intruded beforo the 
faulting; but as the folding in the vicinity of the sills is very 
mild the writer cannot decide whether the intrusions are also older 
than the folding. The latter relationship was however, ooserved by 
Du Toit (1945,p. 188-189), who concluded that the sills in the Lower 
Qriquatown Stage predated the formation of asbestos.

In the Asbes Mine thin, highly micaceous dykes possibly having 
kimberlite affinities were encountered, suggesting a third period of 

intrusion.

2. Petrography»

.) K.thod. , Thin sections of on.e.therl ,p.cl..ns of D..1C root.
•or. examined using standard petrogr.phlc method. Including the 
Universal Stage. A, a result of the fin. gr.lned n.tur. of the rook. 
pleglocl.ee f.ldeper oo.po.ltio». -ere d.t.relned fro. « . 1~ .  
extinction engle. ..cured fro. the (Old edge. («.1«C IW.p.SU-ed 
The op,10 angle, of pyroxene, end e.phiCole. .ere ee.ecred >>>” ».- 

.00,10 obe.rvatione on the -nlv.r.el . ... ^ . . t l o n .  
in refractive Index of the h..i.ph.re. and .li-eral. .. . .Pdl-. u.ln, 

the data of «.ldu (1956,,.16) and taking Into *— ‘ " "«

domination, aft.r =...• < « -  *  1
and (Poldervaart and Hess, 1 9 * 5 1 , '



b) Tht Older Djyke of the Rlries Min#.

In the Bine this intrusion is intersected by a younger dyke. 
Thin sections examined were cut from specimens of the older dyke 
derived from unweathered rocks about 230' below surface.

The rook shows an ml1otrimorphio granular texture but in places is 
ophitio. It is fine grained and originally appears to have consisted of

pyroxene and plagiooiase feldspar with isolated quarts and euhedral 
magnetite grains as accessory minerals. The feldspars have been 
completely sericitized; uralitization of the pyroxenes, of which 
some small remnants remaint resulted in the formation of strongly 
pleochroic yellow brown hornblende. The extensive alteration of 
the plaeioclase minerals prevented the determination of their 
compositions. The dyke is younger than the surrounding asbestos 
since crocidollte fibres in banded ironstones of the contact sons 
have been re-crystallised to tabular riebeckite.

c) The Younger Ma m  Dvke. Rirlea Mine.

The dyke is about 80' wide and ito relationships are described 
on page 111 . Specimens examined were obtained from about 400' 
below surface. The rock exhibits well developed ophitio texture 
as defined by Wahlstrom (1955,p.298). The centre of the intrusion 
is fine to medium grained, but the margins are fin* grained.

The major mineral component is plagioclase, unzoned on the 
margins of the dyke, but showing normal zoning towards the centre 
of the intrusion where occasional fine myrmekitic textures are 
exhibited. Plagioclase near the margins of the dyke has the 
composition An^. Fresh augit. is present near the margins of the 
dyke, but has been altered to pleochroic greenisn brown hornblende 
near the centre. No crthopyroxenes were found. Quartz grains 
are common in the centre, but only isolated grains are found near 
the margins. Sparsely disseminated euhedral magnetite grains are

common throughout the intrusion.

Kxc.pt for the core of the intrusion, where some clinopyrox.n.s 
have been replaced by hornblende and large porphyroblast, and v.inl.t. 

of carbonate occur, the rock is entirely unaltered.

Pyroxenes have the composition Vo3g8nf / 8?# ftnd f°llowln«

optical properties:- 0
Average 2 vy 41

n o< I'S*
n • 1.694- .002
n y  «« 1.71 - »002

*/c - - 28°

The "  fr°‘ 18 ' 28 ‘



In the baked contact zone adjoining the dyke, which ie up ti 
8' wide, croeidolite fibres have also been re-crystallized to tabular 
riebecklte.

d. The north_east_Btriklng dyke between Kuruaan and the farm Pie ter berg.

A partially decomposed specimen of this intrusion was taken from 
the Heartlands Mine at about 260' below surface. This mine is outside 
the area mapped, but the dyke, shown on Plate IV, continues to the 
farm Pieterberg. The sample was taken from the centre of the intrusion 
which is 60' wide at this point.

The rock is fine to medium grained and shows a hypauto-morphlc- 
granular texture which in places becomes ophitic, though the feldspars 
are not generally found in laths. The feldspars are plagioclaee with 
an average composition of An^_. The rock contains augite with average 
composition of Wo^, Bn33 , 7s3| , and the following optical properties:

2V(44° - 47°), Y / c  - ‘,0° while n/3 « 1.705

Quartz is cc , accessories are sparsely disseminated
euhedral grains ol .its and magnetite.

e) The Dvkes of Asbes Mine.

Very thin dykes, between 1 and 6 inches wide, cut approximately 
vertically through the folds in the mine and strike in a north westerly

direction.
These dark grey-green rocks are fine grained and have a porphyritic

texture. They consist mainly of muscovite phenocryste set in brown 
biotite. There is abundant magnetite, distributed a. euhedral grain.

and also a little quartz.

, sp.ctregr.phlc m.lz.1. f r t ™ *  th*
Instltut. „f M.t.llurgy L.bo,.torl.. -  " J "  o.n.titu.nt. » .

.1.0 present in -oun.. 0.1* .nd 1*. »1. "... ele.ent
esse.blege 1, nh.r.ct.rl.tl. of b..l. lgn.o». reci. "  g.n.r.1 end 

throe, no light on th. gen.ol. t" th...
I, „  not for th. .bo.no. of f.ld.p.r., *. rook ..old b.

t.r.^ . .in.tt.-tzp. .,.nlt. l - P ^ r ™ .  *• " " " "  ^

—
could have kimberlite affinities.



f. Th* 3illw»
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Speciecns from the following sills in the southern portion of 
the area were collected for petrographic investigation.

1. Top of the 30' thick Lower Sill on the Danielskuil 
Townlands described on page 79 .

2. Top of the 25' thick Lower Sill on the farm 
Beadlespost described on page 79 . Sample tiken from 
borehole intersection 600' below surface.

3. Outcrop of the middle and upper portions of the 180' 
thick Main Sill on the farm Schietfontein described on 
page 80 .

4. Middle of the 50' thick, Main Sill, on the farm Bretby 
described on page 91 .

The rocks examined are all very similar in appearance and 
composition. They are invariably fine grained and show ophitic to
sub-ophitic textures. Plagioclase ranges in composition from 
to An,c and is generally unaltered. Clino-pyroxenes are euhedral
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to subhedral in outline and normally have a composition varying

fro. % „ % / = , „  «= * V V “;V
The refractive indices vary as follows

n<< - 1.665 - 1676
n ft 1.698 - .002 — 1.71 - *002
n 'i 1.710 - .002 - 1.728 - .002
The optic angle varies from 32 - 46
while the angle //c ranges from 36 - 38 .

Occasionally the clino-pyroxene falls within the diopside- 
hed.nbergite h.vlW  2. 56° - 60°, //. 45°. Ph.oocrf.t.
of bron.lt., ranging In conpo.ltlon fro. Sn,, - ' ,,r>
comaon In no., op.cl.onn, Buh^r.1 grain, of aagn.tlt. and writ, 
ar. common aco.n.orl.., ahll. l.bl.t^ qvrt, grain. ... found In 
.bout 50* of thin n.ctlona .l«.lnri. Bio tit. 1. ....tl... pr...nt.

In rar. can., th. f.ld.par. • «  P*rtlf .M.mirltl.W, In .0.. 
lnnt.no.. ,1.0 chlorlt. »nd calolt. ar. d.».lop.d. Brailtln.tlo. of 
 ..... . th. formation of pl..ohrolo broa. hor.bl.nd.,

mainly along
epidote is distinc :ly rare.

the margins of the grains is occasionally seen, but

Discussion.

PO.1.1.. ..ld.no. regarding th. ag. of th. ..riou. Intm.l... 
lacking. 1. m.ntionod ..rll.r, th. dyk.n app..r to h... b..n 

....... at l...t t«o, po.olblp «... or .or. p.rlod..



th« older and younger dykes of the Elriee Mine, as well as the sill 
referre<* by Hanekoe (1966) have been intruded after adjacent 
crocidolite seams crystallised. Later in this thesis it will be 
shown that most of the crocidolite is thought to be related to the 
post-Matsap period of compression, therefore suggesting the age of 
these intrusions to be post-Mateap.

Gravity faulting is rege^ded as only having started after 
relaxation of the nost-Matsan stresses; yet some sills are certainly 
faulted and may even have been folded, while most dykes appear to have 
been intruded only after folding and faulting had taken place. There­
fore, since some sills are certainly older than the faults and may 
even be of pre-Matsap age, it is always possible that the now altered 
crocidolite observed by Hanekom (1966) crystallized during the earliest 
period of folding.

The petrology of the younger dyke of the Riries Mine, the dyke 
at the Heartlands Mine and the sills of the southern area ie very 
similar. These relatively unweathered rocks contain augite which 
falls within the range of clino-pyroxenes found in many poet-Karroo 
dolerites as determined by Walker and Poldervaart (1949,p.642).

The widespread basic dykes and sills of post-Karroo age in 
Southern Africa by and large show little evidence of alteration 
resulting from regional metamorphism and are generally referred to 
as dolerites. These rocks are furthermore frequently characterized 
by their ophitic texture and not infrequent presence of pigeonite 
(Walker and Poldervaart, 1949).

Pre-Karroo dyke and sill-like bodies of basic rock in South 
Africa very frequently show pronounced saussuritisation and 
uralitlsation effects and are usually referred to as diabase. In 
this way dolerite and diabase have tended to acquire an implication 
of -cog South I f r t o  g— loglBte. .1111— ti U  U954.P.37)
,t.t. -th. tor. d .h... .. U.«i to U..1V. «nd =— 0, 1. .y«onu»u.
.1-6 -ool.rlt.- .. uB.d t« England. Vh.n ingll.h p.trogr.p6.r.
„,lo, th. tor. ■dl.b.s.", th., rof.r to -.Uarad dol.rlt.- 1- .hloh 
th. fold.pro ere o.u.surltlaed or .Ibltl.W and th. « .
»or. or lea. repl.oed by a»phlbole mod ehlorlt..*

I, south Afrlc. dl.b... « d  dol.rlt. th.r.for. t.«d to b. u.^.
16 th. Bnglieh It ahould b. notri th.t .0 dl.tlnotlo. 1.
uro.ll, ..d. b.tw.en th. u.. of th. t.r.. dl.b... rod .pldl.rlt. 1. 
referring to altered h,p.b,ee»l b.elc rook..

On. of th. frotor. u..d 0, 1.1 rod Jrorou (I957.,.d6 rod 
th.tr d.oorlptlon of th. g.-l«a, "buhd ..rroulglh. In th. Trrororol

to dl.tlnguleb b.t..ro dl.b,... rod dol.rlt.. ... th.
,lroo.l«. m  » .  letter W  %

th. Euruman l.tru.lrro. th. r.l.tl..l, uo.lt.rro d,k.. . W
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of this ares could certainly still be termed dolerites, while intrusions 
such as the old dyke of the Riries Mine would be regarded as diabases. 
Furthermore, the micaceous dykes of the Asbee Mine could possibly bo 
related to the widespread post—Karroo kimberlitlc intrusions described 
by Du Toit (1954).

It is therefore suggested that the basic rocks of the luruaan 
urea were intruded during the post-Matsap to pos -Karroo periods, 
although the possibility that intrusion may have commenced after the 
pre-Loakop deformation cannot be discounted.



DgTAILED— GEOLOGY OP PORTIONS OF THE ItJROKAH AS8A.

3. The Area Worth of Danielakull.

The accompanying map on a scale of 1:20,000 (Plate II) covers 
an area of approximately 45 square uilea. A very prominent range of 
hills lies in the eastern half of the area, stretching from the 
Danieiskuil Townle.nds in the aouth^ northwards through the irma 
Garingkloof, Nocrdhoek and beyond.

A similar range of hills is found in the western part T the 
area; it runs roughly parallel to the main range, but does not continue 
much farther north than the outcrops of the Lower Griqua town Stage 
indicated on the map, Stratigraphically the second range is a 
duplication of the first, due to the Schietfontein Fault and its 
bifurcations. The Schietfontein Fault zig-zags through the area in 
a north westerly directions its trace fs ' ir the centre of a wide 
sand-filled valley. Pith ranges of hills are capped by resistant 
rocks of the lower half of the Jasper Substage. Accurate dip measure­
ments are extremely difficult to obtain on normal outcrops of thsse 
formations; however, the dip can be assessed by observing the bedding 
planes from a considerable distance e.g. across the many transverse 
valleys(gorgee), eroded along the main joint directions*

Some banded ironstones are exposed west of the Schietfontein 
Fault and also in the far eastern portion of the area. This rock, 
less resistant to weathering than the jasper horizons, forms charac­
teristically rounded hills or "koppies".

a. Stratigraphy.

Information pertaining to the stratigraphy of this arma was 
obtained from both surface and underground observations, as well as 
from percussion boreholes.

1. Th. D.,..,', S.rl.s Polo.it. 1. .iPO«d i" • — U  * “  00
th. D.nl.lskuil Tomund. .djol.liw th. f.r. B«dl..po.t. tPlcll, 
1. 1. . ....!« fin. «r.ioed rook, .ko-ln. pro.ln«« b-din,
.3 th. tranal tion to tended Iron.Wn. i« .ppro.ch.d.

The Lower Griouatown Stag<^ 
The Banded Ironstone 5ubstag&.
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composed of black carbonaceous shale, white chert and grey dolomite.
In two boreholes the zone consisted almost entirely of pyritic carbon­
aceous shales, varying in colour from dark grey to black, with subordinate 
dark green stilpnomelane bands

Banded Ironstones The well bedded banded ironstones are very similar 
to those found near Kuruman. Magnetite bands are commonly up to thick 
in the lower banded ironstones, but become thinner towards the upper layers. 
Brown or red inte calaved jasper bands, up to 4" thick are often present. 
When viewed as a whole the fresn rovka are usually grey-green in colour 
but may vary to grey and rarely medium grey,

Stilpnoaelane bands, n t  reconizable in outcrops, are seen in the 
fresh rock where hand” up to 18" thick occur. On the average these 
bands are only between j-" and 3" thick. An examination of altered 
stilpnomelane layeT‘ der ved from near surface indicated that this 
material generally f 3 to apple-green nontronite.

Marl er Bands :- In the Danielskuil area, as elsewhere in the area 
described in this thesis, marker bands nrt, of great assistance in 
mapping and for the correlation of borehole information. They include 
the following :- an intraformational chert breccia band and a red 
jasper band in the banded ironstones, a.-' the Main Marker Band at the 
luse of the Jasper Substage. The intraformational chert breccia layer 
was encountered in the north western corner of the Danielskuil Townlands, 
where it is about 2' thick. It lies conformably between undisturbed 
beds and is situated about 160' abov the Dol.iite. The br>ccia 
consists of disarranged angular chert fragments, but laterally may 
contain less disturbed, tight.y folded ci.it bands. As already 
discussed on page 34 . this breccia may have originated as a result

of differential movement in the beds.

Th. red Jasper son., -hloh 1. of loci occnrr.nc. =»!,, ... 
observed In th. e l u d e  of borehole, drilled on the f.m Bcdl.epo.t 
end the D.nlelskull To.nl.nd., It conaiete of red hematite rich 
J.iper, .bout 12' thick, Ifln, eoe. 270' .bov. th. Dclo.lt. or up to 
10' ebo,. an est.nelv. C.lc sill. Thl. red J.ep.r son. c n  cell, 
b. recognised In outcrop, on th. Dcl.l.kull Totml.nde. On crlngk o, . 
,-.dl.,.l, north of B.adl.ep.et, th. c.lo .111 »  -neb thinner .nd 
th. red Jesper son. ... not r.cognls.d, further north n.lth.r th. ' ■

nor the red jasper zone is present.

The k l .  Marker 1. p r c n t  throughout th. ooourrln, on

both sides of th. .. . e g *  «f hill. •"> ««*“  ‘
result of duplioutlet cu..d b, th. 3ohl.,fo»«.,n ,.ul.. On th f.ra

r r  ::::::: z z z z z z z :



■

the far 
as bein

about 3
winze o

11'3"-

20' 3 -

Figure 39
Mam Marker Bed overlain by thinly laminated banded ironstone. 
Schietfontein - North of Danielakuil.

range
winze
Marke
tedde

851 o
thick

magn<
cherl
asset
with



th. f.m « - • 4  til., to th. oorth-M.at, .ho.ti thl. o.pth 
as being 520'.

The Main Marker cone consists of an assemblage of layers, together 
about 30' thick. (Mg. 39). It was examined in detail in a prospect 
winse on the farm loordhoek, where it occurs in oxidised rock and 
comprises the following layers measured from the bottom up i-

® - 1" - 3" thick lenticular brown jasper bands.

5 — 11 I*’ — 9" thick red—brown Jasper.

11' - 11'3" Brown jasper band with pronounced pinch and
swell structure periodically almost severed.

11'3"- 20,3" 1" - 6" lenticular brown jae- .r with 6" thick light
clay layers. (Altered stilpnomelane?)

20'3"— 31'3" 1*»2" and 4* thick brown Jasper bands showing
pinching and swelling effect.

Interbedded chert breccia bands are not present in exposures of 
the Main Marker on the farms Noordhoek, Highlands and Garingkloof.
West of this area, on the farm K rant kloof, the Marker is capped by 
an 18* to 2' thick conformable chert breccia (Fig. 23) which is in 
turn followed by thinly bedded banded ironstone. Exposures of the 
Main Marker bed on the Dsnielskull Town land a show in addition to an 
upper breccia layer a similar, but slightly thinner, band situated 
some 1 C  below the first. On the farm Oudeplaas, which is south of 
the mapped area, a third breccia layer is present, lying 40' below 
the two upper breccias which are also 10' apart. There is no 
relationship between the breccias and the folding; on the farm 
Kranxkloof breedi bands in the Main Marker are in a relatively 
strongly folded area while no folding is visible in the exposures 
on the Danielekull Townlands.

bb) The Jasper Substaare.
The Lower Jasper Zone: - This zone outcrops on the sides of both 
ranges of hills and was also studied in detail in the Noordhoek prospect 
winze. As in the case near Kuruman, the first 10' - 15' above the Main 
Marker bed consist of thinly laminated (less than ) bends of even- 
bedded banded ironstone. They are succeeded by 131 of everly bedded 
1" to 4" bandj of brown jasper. Above these layers there are approximately 
85* of evenly bedded platy bands of brown jasper, each up to in 
thicknesL. The Jasper bands contain thin (pencil-line) magnetite hands 
and differ from true banded ironstone in that there is a slightly lower 
magnetite content; also the banding is somewhat thicker and light gre> 
chert layers are absent. This typically plsty zone is overlain by an 
assemblage of thinly banded, evenly bedded, jasper layers alternating 
with occasional thicker (2" - 8") brown jasper bands. The latter zone 
is about 130' thick on the farms Beadlespost and Garingkloof, but narrows



to 100' on the fere Oeduld and 95' on the ferm Hoordhoek.

Overlying this tone is the Lower "Sandstone" Marker which la 
similar to the "Sandstone" Marker described on page 42 . This 
marker varies in thickness from about - 4" in the northern and 
western parts of the area but gradually increases in thickness 
southwards to between 4" and 6" on the farm Seadlespost. The Lower 
"Sandstone" Marker lies at the transition from thin platy beds to 
thicker "2" - 8") bands of yellow, light brown and brown Jasper 
forming a 40' thick zone. This latter zone is overlain by the Main 
"Sandstone" (Magnetite Chert) Marker below which several of the 
jasper layers normally contain appreciable quantities of riebeckite, 
occurring as clusters of weathered yellow radiating needles or as 
fracture fillings. A speckled jasper layer can usually be found 
within the riebockite-rlch beds.

The Mail "Sandstone" Marker, which is identical in appearance to 
the Lower "Sandstone" Marker, is about 16" thick on the farms Beadlee- 
poat, Garingkloof and Highlands, but gradually becomes thinner to the 
north although slight local thickening of the band occurs. This bed 
is still clearly recognizable west of the Schietfontein fault, although 
it is not as well developed as on the farm Beadlespost.

A speckled jasper band, about 6" thick, is developed a few feet 
above the Main "Sandstone" Marker. This layer is in turn overlo 
by a 120' thick zone consisting of brown Jasper, having a typical 
concoidal fracture, in slightly uneven bands from 2" - 14" thick.
These bands vary in colour from yellow to light and dark brown and 
towards the top alternate with light grey to yellow chert layers, 
which vary in thickness fro. +" - 8". About 15' below the Lowest 
Potsherd Marker or "Han.poot", which overlie, these rocks, conceptions 
of riebeckite are normally present in the jasper bands.

The In termed  p c c i a  Zone,.

Thl. portion of th. J.pMr S u b o t w  i. onl, ..po.«l in th. L -  
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Schietfontein, Oeduld and Moordhoek.
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is estimated to lie some 150' higher.
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underground workings of rather limited extent.

Some crocidolite seams of the Bottom Fibre Zone outcrop on the 
farm Beadlespost and lie about 70' above the Dolomite or 360' below 
the top of the Main Marker Bed, On the farm Garingkloof fibre of the 
Third and Fourth Lower Zones, lies between 140'and 210' above the 
Dolomite, or 160' - 230' below the top of the Main Marker, while on 
the farm Emmerentia the Fourth Lower Fibre Zone is found at 180' above 
the Dolomite.

On ueduld fibre is intermittently developed between 95' and 320' 
below the top of the Main Marker, and la referred to as the Second,
Third and Fourth Lower Zones.

On Kranzkloof and Emmerentia fibre developed between 130' and 210' 
below the top o< ve Main Marker it is referred to as the Second and 
Third Lower Zont
(See atratigraphical columns on Plate VI)

It appears that crocidolite seams on the Second and First Lower 
Fibre Zones, which are so well developed in the northern areas, 
gradually disappear from the farm Ceduld southwards, since on the 
farm Beadlespost and on the Danielskuil Townltnds fibre is only 
present as sporadic uneconomic occurrences. This petering out of 
the fibre horizons coincides to a remarkable extent with the thickening 
of the Main Sill (page 80 ). As the sill is thought to be of post- 
fibre age, this effect is regared as a coincidence. To the south of 
Danielskuil, outside the area under discussion, on the farms Jacobs- 
fontein and Weidspan, there is no basic sill near the Second Lower 
Fibre Zone* yet the latter also contains very little crocidolite.
This observation indicates that from Geduld southwards the Second 
Lower Fibre Zone is no longer economically important.

The Firs'. Upper Fibre Zone is comparatively poorly developed in 
the area and nowhere was more than 1" of fibre seen on this horizon. 
Sporadic oxld.oed fibre seams are seen just above the Main Marker bed 
in small folds dsveloped within the main folds on Kranukloof and 
Lmnerentia while in the winze on the farm Noordhosk a i" oxidised 
fibre se'ud is developed, situated 45* above the Main Parker Bed.



All fibre seams developed between 50' above the Main Marker and 
40' below the Magnetite Chert Marker are referred to as part of the 
Second Upper Zone. Always poorly developed, such asbestos layers 
were only noticed in outcrops on the farms Geduld, Highlands, and 
Ganngicloof. Crocidolite seams are usually developed 140' above
the Main Marker bed, but sporadic fibre seams may occur throughout 
the rest of the zone.

Third Upper Zone asbestos seams are the most widely distributed 
of all the fibre horizons above the Main Marker. In exposures of 
these rooKs between 2 ’ and 9" of oxidised fibre over a width of 2' 
is not uncommon and individual fibre seams of 3" to 4" may often 
be present.

In the Third Upper Fibre Zone asbestos seams are generally 
present in the 20 below the Mad n "Sandstone" Marker; but thin 
(l/l6") fibre seams are occasionally found in the layers immediately 
overlying this marker. South of Danielekuil fibre development is 
generally greater in the rocks overlying the "Sandstone" Marker.
In the Danielskuil area generally, the Third Upper Zone is charac­
terized by the long fibre developed in it and for this reason has 
locally been referred to as the Long Fibre Horizon. Exposures of 
the Third Upper Zone have been very carefully scrutinized, because 
even slignt development of fibre in this zone is often an indication 
of as yet undetected folas, increasing in intensity downwards and 
which therefore may contain economic crocidolite deposits in depth.

Some to 1" tnick fibre seams of the Third Upper Zone are 
developed in wide gentle folds on the farms Kranzkloof and Bmmerentia, 
while the only known exposure on the farm Noordhoek is of a ■j-" thick 
seam outcropping for about 4' of strike. Numerous well developed 
seams are found in gentle folds on the farm Geduld and sporadic 
occurrences are present on the farm Highlands.

On the farm Garingkloof the Third Upper Zone is extremely well 
developed in gentle folds together approximately 2,400 wide, 
mec.sured in an east west direction. Or. the same farm, but farther 
east, a similar but smaller structure with less pronounced fibre 
development was mapped. To the south,on the farm Beadlespost, the 
Third Upper Zone is present as sporadic, up to i" thick, fibre 
seams which continue for only a few feet.

Nowhere in the area was any fibre found on the Fourth Uppe 
Zone, although riebeckite-rich layers situated from 10' - 20' below 
the Lower Potsherd Marker indicate that asbestos seams could be 

present.



dd) Th# Tillitt 3ubatag« The only exposures of these rocks are 
found on Isolated small hills in the main valley east of the Schiet- 
fcntein pault on the farms Noordhoek and Ceduld.

The total thickness of this assemblage is estimated to be about 
140'. A lower zone, 40' thick, is comprised of tillite proper 
containing fragments and rounded pebbles of jasper and chert, mostly 
1" - in diameter, set in a sandy leached ferruginous matrix. This 
material grades into a light brown shale, containing numerous tiny 
jasper fragmsnt.3, Rocks made up of this finer tillite are very 
poorly exposed; and nc.there could a complete cross-section of the 
Tillite Substage be studied. Prom exposures on the farm Noordhoek 
it was established that the very fine tillite grades upwards into 
soft, well-bedded yellow to pink mudstone, showing faint banding.

ee) The Ongeluk Lava Immediately east of the Schiatfoniein Pault, 
on tbs farm Noordhoek, a small hill is capped by lava lying conformably 
on the tillite. To the north-west, on Goodhope, again on the downthrow 
side of the Schietfontein Fault and adjoining it, simile)’ exposures of 
lava occur. Amygdales in the lava are rare and in hand specimen this 
fine to medium grained grey-green rock is extreme]y difficult to dis­

tinguish from the basic sills.

b) pjBtrlbution of Intrusive Rocks

i) Dvkes - A small dyke may be present on the western portion of 
the farm Noordhoek. This is inferred by a line of trees extending 
in a north easterly direction. In the are. mapped there is no other

evidence of dykes.

11) S i U s  - » tsolc ,111. raf*rr«d to .. th. Lc.er Sill. 1, ««■-
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on page 70
T». ,111 1. loo.ll, tr.n,«r...iv. but 1. g.o.r.11, ruund .» .bout 

2,0. .bo,, th. solo.1«. S.rl... Thl. mtru.i.n und.Hl.. «h. «  n 
r.ng« or hill.. ...t or th. 3chl.tront.ln F.ult, on th. r.mH i e



South of Danielskuil and outside the area shown on the map, on 
the farm Owendale, Hanekom (1966,p.146) doscribed crocidolite fibres 
altered to quartz in the baked contact zone of the sill.

On a regional scale it is found that the sill gradually thickens 
from the farm Caringkloof southwards and dies out rapidly to the north. 
Baking of the host rock on the upper ..ower contacts of the sill 
is only rarely seen and then mostly the lower contact in a I1 to 3* 
wide zone. No thin sections of contact rocks were studied, since 
this tone was only seen in he sludge of percussion boreholes.

The Main Sill underlies the entire main range of hills on the 
Danielskuil Townlands and the farms Beadlespost, Highlands and rem. 
of Schietfontein, but only the eastern parts of the hills on the 
farms Seduld and Noordhoek. West of the Schietfontein Fault tho 
sill can be traced along the eastern slope of the ran^a of hills 
on Bmmerentia, Kranzkloof and Goodhope.

Outcrops of the sill are few and far between; but even though 
it may not be exposed on surface, it's presence can be forecast with 
reasonable accuracy by the nature of the vegetation on the rubble 
covering. In places fresh bouliers of these doleritic rocks are 
encountered lying immediately below the rubble zone along the scopes 
of the hills. On the Danielskuil Townlands and on the farms Beadles- 
post, Caringkloof, Highlands and Schietfontein the sill lies in the 
Main Marker Bed; but it trancgresses to about 15' above it on the 

farm Noordhoek, prior to pinching out.

Vest of the Schietfontein Fault the position of the till In 
relation to the Main Marker could not be determined accurately, but 
it appears to lie immediately above the Main Marker. The sill may 
vary considerably in thickness within hundreds of feet laterally.
It is thickest on the farms Schietfontein a m  Highlands, thinning 
out both to the south and north. Percussion borehole intersections 
on the various fans, show the following variations in thickness ,

Beadlespoet

Caringkloof

Schietfontein

Geduld

Noordhoek

Goodhope

1 borehole 

4 boreholes

2 boreholes 

6 boreholes

14 boreholes 

1 borehole

127'

15C - 180'

180'

O',30',120' - 1)2' 

O',40' - 50'

+180'

intersections.



On the farm Ncordhoek, immediately above the mire, an intrvelon 
known as the Upper Sill was exposed by pitting. The sill lies some 
80' below the Main "Sandstone" Marker, le about 15' thick and was 
traced for a distance of about 2,000' in an east-west direction.
Pits sunk into the sill exposed no fresh rock, but intersected only 
yellow clay, with still recognizable weathered feldspars, obviously 
derived from a fine grained basic rock. The sill follows the bedding 
in a mildly folded area and has been displaced by a small normal fault 
(about 20' throw) striking in a northwesterly direction.

c. Stricture of the area.

i) Folding - Bven though the lower portion of the Banded Ironstone 
Subatage is only exposed over relatively small areas, the additional 
information provided by boreholes and underground workings clearly 
demonstrates that these rocks have in places been considerably 
deformed by folding. It is also evident that the intensity of 
deformation progressivley weakens upwards in the succession; only 
the more prominent folds persist to the Intermediate Breccia Zone, 
where they exist as a mere flattening of the dip. Disharmonic 
folding of certain zones in the lower Banded Ironstone Substage can 
be observed in outcrops on the farms Beadlespost and Borneo in the 
form of long narrow folds or flexures, which are locally referred 
to as "rolls". Slickensided surfaces are characteristically present 
on over- or underlying layers. No sign of cleavage has ever been 
found in the folds, which usually have steeper or even overturned 
east-dipping limbs, indicating that the structures could have 
originated from horizontally directed pressure fro. the vest. The 
deformed areas are generally "cigar"-shaped and elongated V  a 
direction between north and west of north. As illustrated in Fig.
37, disharmonically folded flexures are generally, but not always, 
associated with an older larger "pod" or "cigar" shaped fold. These 
larger structures are easily recognized in the upper banded iron-ton. 
end lower jasper zone, but are difficult to ... in the zones that 
are disturbed by the younger cross-cutting flexures.

The strike directions of the fold axes in large gentle structures

m m
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Th. latter two fibre concentrations are shown on the accompanying map 
(Plate II). The drilling revealed that crocidolite in varying amounts 
is present on most of the underlying fibre tones; the elevation differ­
ences of the various horitons within the "pod" shaped areas also confirmed 
that the folding is much more pronounced in the banded ironstone below.
The crocidolite occurs in vertically super-imposed bodies up to 750' 
apart; this indicates that the axial plane3 of the gentlf, larger folds 
are also vertical.

The folds normally present in the Banded Ironstone and Jasper 
Substages typically have one limb dipping at a slightly greater angle 
than the other; as already discussed they could have originated during 
several periods of horizontally directed stress from the west. In the 
Danielakuil area there are two exceptions. A 1,000' wide syncline with 
even-dipping limbs can be traced from near the homestead on the farm 
Rea. of Schietfontein to a point 5 ^ miles due north. For the first 
2 miles this linear fold lies adjacent to the main bifurcation of the 
Schietfontein Fault. The fault then swings away to the north west 
while the syncline continues in a perfectly straight line to the north 
to cut across the fibre-bearing terrace fold on which the Noordhoek 
Mine is situated. Occasionally crocidolite seams are found on the 
limbs of the syncline. It is clear that the fibres are older than 
this linear fold as they have been extensively "slipped", in some 
cases to a near horizontal position, by the differential movement of 
the beds that occurred on the fold limbs. A shorter, but similar 
symmetrical syncline is developed near the south eastern corner of 
the farm Highlands in a position where the eastern gravity faixt 
plane would have been had it continued northwards in a straight line 
instead of deviating. This relationship suggests that this linear 
type of folding is in some way related to the gravity faulting.

Both synclines mentioned are long linear structures with even- 
dipping limbs, as opposed to the generally "pod" shaped lolds normally 
found. Such synclines have not been found in any other part of the 
Kuruman area. The fold axes of the synclines strike due north, but 
since neither structure has an anticline associated with it, the folds 
do not appear to have resulted by compression directed from the west.

To account for the gravity fault blocks in the area, subsidence 
on a large scale must have taken place after the main compressive 
stresses from the west had been relieved. De Sitter (1964,p.109) 
showed that release tension joints may form in a rock after the stress 
has vanishes and that such joint, will be either parallel or perpendi­
cular to the a - min. stress. Joints striking due north could therefore 
have foimed immediately after the po.t-Mataap folding had ended. Since 
a horizontally directed t.neional force must have existed in the Lower 
Griquatown beds during the time of gravity faulting, such linear synclines
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could have formed If the rocks, instead of faulting, rarely subsided 
along such a pre-existing tension-release joint direction. Presumably 
the iron formations subsided into the rocks of the underlying Dolomite 
Series, which may have yielded by flow.

ii) FauJ *1ng - The prominent eastern and western ranges formed by 
duplication of the Lower Griquatown Stage are a result of gravity 
faulting. Of these faults, only the Schietfontein Fault was recognized 
by earlier geologists. As shown on the accompanying map, Plate II, 
the rocks from Danielskuil northwards have been affected by an extensive 
gravity fault system. The compon*. t referred to as the Schietfontein 
Fault shows the greatest displacement and trends in a north-vjsterly 
direction from the Danielskuil Townlands through Beadlespost, Borneo, 
Emmerentia and beyond. There is a major bifurcation on the farm 
Garingkloof and the branch-off continues in a northerly direction 
until it too breaks up into several smaller faults on the farm Hoord- 
hoek. On the east side of the eastern range of hills a fault starts 
on the farm Schietfontein, curves southwards into the valley seen on 
the farm Klipvlei and continues until it joins the Schietfontdin Fault 
on the Danielskuil Townlands south of the area. As a result, three 
large fault blocks »*.e formed, which in turn have been broken up into 
smaller tlocks by the bifurcation of the major faults.

Th. relative etr.tlgr.phlc elevation of the .eetern f.ult block, 
bound.d on It. e.et eld. b, the Sohl.tfont.ln fault. 1= about 700' 
beloe that of the »lddl. fault block. Str.tlgr.Uilc.lly the ...tern 
fault block, oo.prl.ing the -In rang, of hllla, lie. .bout 160' 
beloe the .Iddl. fault block, e h ll. th. elevation dlff.r.nc. b.t.a.n 

...tern and ee.t.rn fault blocks, .her. the, adjoin each oth.r

in the south, is about 540'.

0»1, the fault plane, of th. ...Har fault, ar. occo.lon.ll, 
iraoaed in outcrop In th. for. of vertically dipping breccia .on... 
fro. . . o r .  6 -  to 2 ' elde. ^ n g  the branch fault on the f.m Schl.t-

f on tain and o.r.11.1 «. 1«. »»*— « "•"»« b” “ ‘*
join,, ar. ee.n. So., of «... "ntlc.l br.ccl. plane, h... e.n

rainfall years.

this strike fault should be int.rpr.ted as a reverse fault.
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Th« present picture ascertained by the winter of irregular 
zigzagging faults, vertically orientated breccia zones and borehole 
information indicates that all the known faults are vertical. Since 
the throw of the Schietfontein Fault varies between 540' and 700', 
depending on the fault bVck in which this is e.asured, it cannot’b. 
interpreted as a reverse iault but rather originated during gravity 
faulting, as described by billings (l954,P.195-21l). Because the 
Schietfontein Fault cuts through ncrth-south crocidolite-bearing 
folds, for example on the farm Borneo, faulting was obviously a 
later event than the folding.

d* — 8 ^ranz-̂ oof Prospect. - This is situated on the farm Kranzkloof 
(Plate II) and lies on a little hill about | a mile west of the 
Schietfontein Fault. Asbestos is developed over an 80’ thick zone 
of banded ironstones which is correlated with the Secorri Lower Fibre 
Zone.

The area over which fibre is found is defined by three parallel 
folds (Fig.40), together about 600' wide and extending in a north 
westerly direction for more than 1,000', Ar anticline and associated 
syncline, together about 250' wide, form the east side of tne deformed 
area. Their east dipping limbs are steeper (l5°- 35°) than the west 
dipping linos (6° - 10°), and the axial planes apparently dip at 85° 
to the west. A gentle 350' wide anticlinal structure on the west, 
with both limbs dipping at about 2°, is in turn bounded on the west 
by a narrow (2* throw) monoclinal flexure dipping to the west. All 
these folds plunge at 5° to the north west.

’’’wenty two boreholes were ariiled in this area, all except two 
being sited within the folds. Subsequently limited underground 
development, confined to the more pronounced anticline (about 140'), 
was done f-om a small vertical winze. Information thus obtained 
indicates that the largest amounts of crocidolite are present in the 
more strongly folded anticline and syncline, but that fibre also occurs 
in the large gentle anticline. Crocidolite was not int&rracted in two 
boreholes sited in the compressed nose of the synclin •. It was also 
found that asbestos occurs in one, sometimes two fibre reefs, 4' and 
3' thick respectively, within the area of the large gentle anticline. 
However, in the more strongly folded anticline and syncline fibre is 
present over an 20' thick zone; cut the seams are not distributed over 
the entire area of the fold but are confined to narrow (6' - 25' wide) 
sheet-like areas, about 25' apart and apparently a rang'd in an ££ 
echelon pattern. The eastern limits of these narrow iibre bodies are 
extremely sharp and are marked by tiny 2" wide acnoclinal flexures, 
dipping east. T'-esa fibre-enriched zones trend due north and therefore 
cut obliquely through the north west striking anticline, in which they 
lie. The axial planes of the tiny 2" flexures, and therefore the 
eastern limits oi the crocidolite enriched zones, have a constantly
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The Earnerentia Mine is situated one mile east of the Kranskloof 
Prospect, apparently on the same fold some. According to surface 
observations and the mine plans, crocidolite here is also found in an 
area of north west trending deformation, but is concentrated in 
narrow north striaing bodies set on a right hand en echelon pattern.

It therefore ap’jeans that in this area proto-asbestos that had 
been concentrated in the north west trending folds was later re­
distributed along north striking flexures within the same area.
Since the axial planej of these flexures dip less steeply than those 
of the larger folds in which they lie, it appears likely that the 
flexures are related to the later, more intensive period of compression 
during post-Matsap times.

•• The Noordhoek Mine - This mine is situated on the fli'.t lying 
limb of a 600' wide terrace fold which strikes approxiamtel,- 20° 
east of north. This gentle fold is terminated by the younger 1,000' 
wide linear synclinal structure which lies immediately east of the 
mine and has already been described on page 82 (Plate II). The under­
ground workings extend to the western limb of the syncline; it was 
observed that when crocidolite seams were followed away from the hinge 
zone of the syncline they showed progressively more "slip", indicating 
that the syncline is of post-fibre age. Underground development on 
the Second Lower Fibre Zone in the Noordhoek Mine revealed that, 
although some thin crocidolite seams are distributed over most of 
the exposed area affected by the terrace fold, nearly all the asbestos 
is present in two bodies, one 60' and the other 100' wide (Plate VII^. 
Due to insufficient exposure the limits of these asbestos bodies are 
as yet unknown, but both are situated in the terrace fold and are 
off-set from each other.

Only the 60' wide body has been sufficiently explored to be
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described in some detail. The fibre is confined to a 60' wide synclinal 
structure, about 150' long and striking due north. This smaller syncline 
within the terrace fold can only be recognized below the Tirst Lower 
Fibre Zone, since it dies out upwards in the succession. The syncline 
is "pod"-shaped ana doubly plunging, dipping inwards from all diiv •ione- 
Several boreholes were drilled to intersect the 60' wide asbestos body. 
They show that in its core the small syncline is almoiit continuously 
enriched in crocidolite extending from the Second Lower to the bottom 
of the Fourth Lower Fibre Zones. However, on the rims of this fold 
fibre is only present along portions of the Second and Fourth Lower 
Zones. In the "barren" areas between horizons in the syncline mass 
fibre is absent, although it occurs in certain layers within the 
crocidolite-bearing zone.

On the western side of this fibre body some crocidolite bands 
pinch out completely just prior to being intersected by vertica- jciuta. 
There is no displacement on the fractures and the fibre seams again 
appear within a few inches of the other side of the join*t ** firav 
an mere "films" but gradually widening to their normal thickness of 
up to i". The joints strike in a north westerly direction and could 
be shear join**, as defined by De Sitter (1964), caused oy horizontally 
directed stress from the west.

As in the case of the Kranzkloof Prrtpect, the croiidolite bodies 
of the Noordhoek Mine are uu o  associated with two Tolf directions: 
an older direction trending 20° east of north and a later direction 
striking due north. The distribution of fibre in the 60’ wide body 
in the loordhoek Mine indicates to the writer that the material, that 
was to become asbeetoe, migrated to the little doubly plunging aynclin. 
during the folding, but that sufficient proto-asbestos to fill all the 
zones of tensional stress in this structure was available only in some

of the layers.

^  s60„  .. (M... H D

« t « d .  in . north-.outh dlr.c«ln» .«d L  •>»»« » ■U ** len« *nd 5 
.11.. » i . .  It 1. .ltu»t«l .bout bBt.B.n th. , i n « . .  Of

Danielskuil and Euruman.

,ov, pro.ln.nt ™ - , »  of bill. .bll,«l, "

dlr.ctlon 1. .boot «.! c u . -  b, « .  r . ^ 1

strata, which is about 4 west.

entire length of th: latte*
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Th« northern portions of the eastern and middle valleys are 
U-shaped; but it is not known whether this shape is due to glaciation. 
Numerous small transverse valleys are present apparently incised by 
stream action along prominent joints.

a) Stratigraphy.

i) The Lowe. Griquatown Stage.

aa) The Banded Ironstone Substage.

The Transition Zone A borehole drilled at the Greyling Mine passed
through some 85' of Transition Zone formations lying between the banded 
ironstones proper and the underlying massive dolomite. These consist 
of a 20' thick zone vf black carbonaceous shale, rich in pyrite, which 
is ovvrlain by dolomite followed by a 45' thick zone consisting of 
alternating bands of grey banded ironstone, light grey chert; banded 
ironstone and dolomite. These are in turn overlain by 20' of alternating 
black shales and dolomite both containing euhsdral grains of pyrite.

Banded Ironstones These rocks are identical in appearance with
the banded ironstones described in the preceding section; viewed as 
a whole they are grey to medium grey in colour, and therefore slightly 
daiker than those found north of Danielskuil.

Interbedded bands of pure stilpnomelane are common. The thickest 
(20") band observed anywhere in the Kuruman area occurs 40' above the 
Third Lower Fibre Zone in the Greyling Mine. Numerous thin conformable 
chert breccia bands of doubtful origin, described on page 34 , ere 
developed in the banded ironstones and are especially common between 
the Second and Third Lower Fibre Zones. A 30' wide zone containing 
eight or ,?r« such bands is exposed just below the Second Lower Fibre 
Zone in the Greyling Mine, but is not present on the same horizon in 
the nearby Bretby Mine. A similar band forms the 4 level Hangingwall 
Marker on the Second Lower Zone of the Bretby Mine. In this band 
crocidolite is developed as lenticular "blobs" dispersed through the 
chert fragments and set in a stilpnomelane -rich matrix. The fibres 
in the various "blobs" are all orientated parallel to each other and 
clearly crystallized after brecci.Uon of the chert. This particular 
Chert breccia is not developed at the nearby Greyling Mine, while -zany 
breccias observed in the latter mine were not found at the Bretby Mine.

Not only chert breccia lay.ru are discontinuous over the area.
Thin granular bands (page 30 ) developed in a forty feet thick zone
of banded ironstones overlying the Third Lower Fibre Zone in the 
Greyling Mine, are not present in the Bretby Mine only 

the north.



Marker Banda I- Apart from the Main Marker only one layer in the 
banded ironstones is sufficiently distinctive to be used as such in 
field mapping. This is a conformable chert breccia, varying from 18"
- 24" in thickness, of apparent tectonic origin (described on page 
34 ). It is easily recognized in the otherwise unifom banded
ironstones and occurs between 240' and 280' below the Main Marker 
Bed. Outcrops of this breccia are confined to the most easterly 
range of hills la the northern part of the area.

The Main Marker forms a prominent capping on the northern hills 
situated between the middle and eastern valleys. It also outcrops 
as an uninterrupted, 15' - 20' high ledge which can be followed for 
several miles along the same range of hills in the southern part of 
the area, as well as along the hills between the middle and western 
valleys.

In tba Bret by area the Main Marker is also about 30' thick and 
consists of various banded ironstone, jasper, chert-rich and chert 
layers. The latter two types are very unevenly banded and exhibit 
the pinch and swell structure so typical of this horizon. Intra- 
formational chert breccia bands are almost entirely absent and only 
occur locally on the farm Bretby*

The stratigraphic elevation of the Main Marker above the 
Dolomite Series is variable. A borehole drilled on the farm Bretby 
intersected massive dolomite at 650' below the top of the Main Marker. 
In another borehole on the farm Grayling this distance was found to 
be 810', while measurments on outcrops of the Banded Ironstone Substage 
on the farms Noupoort and Wonderwork, about miles east of the area 
shown on the map, indicate that the top of the Main Marker is less 

than 500' above the Dolomite.

*. ,h. Main Marker 1. c.nal.tantly
variation in think,... of «». onO.rlyin, band.- ir.n.ton.. 

that th. variou. conatituant. of th... -or. 1. "  ■*««” *”

aurfao. ahioh ... gradoall, ».->•» f"rth"

bb. The Jasper Substage:
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t^d .1th .ioeptior.lly ..11 d.fin-
"marker" when mapping.



* 7 ‘ >eP*r* “ • " - 1-  Of f.1,1, bMd.d,
1 to 5 thiol, ).,p.r b.,d.. Overlying the l.ti.r, th.
Marker i. ...11, r.oogni.ed in outcrop, on the f„. Or.yllng, 1,
lie. 190' above the Main Marker and 1. b.t.ee, 6" and thick. It 1. 
.1.0 veil develops on th, southern half of th. far. Br.tby, but thin, 
out to between 2- and 4- in th. northern portion of thl. r. „  .her, lt
occur, at 160' above the Main Marker. Tvo .11.. to the north ee.t of
the latter are. on th. fan. Happy 7.11.,, vhlch i. outaid. th. are. of 
th. acconpanying ..p. the "Sand.ton." Marker lie, only 145' above th.
Main Ma-k.r Bed. It is therefore evident that the tone of rocks belo. 
the "Sandstone"Marker becomes thinner in a north easterly direction 
from the farm Greyling.

A similar thinning in the immediately overlying zone of rocks 
between the Main "Sandstone" Marker and the Lower Potsherd Marker is 
observed over the same area. This zone is about 145' thick on the 
farm Greyling but thins down to about 125’ on the northern portion of 
the farm Bretby, from where a constant thickness for at least two miles 
to the north east is maintained. The rocks of this zone consist of 2" 
to 6" thick, fairly evenly bedded jasper layers alternating with "sandy" 
jasper bands. Magnetite is present both as disseminated grains or in 
very thin layers. Jasper bands with flat discoidal nodules and septarian 
nodules exhibiting the typical polygonal crack pattern are not unct&aon.

The Intermediate Breccia Zone. - This zone is exposed only in the 
north western portion of the area mapped. Here numerous bedded chert 
breccia bands are developed in a 120' to 150' thick zone composed of 
jasper, "snuffbox" jasper, "sandy" jasper and chert bands. The rocks 
normally overlying this zone are not present anywhere within the area 
mapped.

cc. The Fibre Zones - In the Bretby and Greyling area crocidclite 
concentrations are encountered only in those portions of the succession 
which show evidence of folding. Although crocidolite seams developed 
in the Bottom Fibre Zone are exposed in several outcrops to the east 
of the area shown on the relevant map, additional asbestos on this 
horizon was found only in one occurrence within this area. Such fibre 
seams are developed in the 20' thick zone of banded ironstones immediately 
overlying the Transition Zone at the Greyling Minr

At the same mine fibre is also developed on the Third and Fourth 
Lower Zones. Boreholes drilled on various folds on the farm Bretby 
intersected minor concentrations of asbestos in these zones in the 
southern part of the farm and no fibre at all in the northern half 
of the farm. Even in the south, not all of the apparently identical 
folds contained asbestos.
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With the exception of the farm Uitbyl, where exposures or 
borehole intersections of asbestos seams are not knom, nearly all 
the explored structures, whether outcropping or not, contain croci- 
colite in varying concentrations on the Second Lower Zone. There is 
however, a marked difference between the stratigraphical position of 
the various crocidolite "reefs" developed in the Second Lower Zone 
in the Greyling and Bretby Mines (Plate Vi).

Fibre development on the First Lower Zone is confined to the 
farm Bretby; this is not the case on the First Upper Zone, within 
which varying amounts of crocidolite have been found in most of the 
folds explored on the farms within the area of the accompanying map, 
with the exception of the farm Uitbyl. In the Bretby area, asbestos 
in this zone is only present in the 10' thick banded ironstone zone 
overlying the Main Marker.

Relatively large amounts of asbestos in the Second Upper Zone 
are found in the fold of the Greyling Mine and in structures on the 
southern portion of the farm Bretby. Fibre in the overlying Third 
Upper Zone is not present at the Greyling Mine, but occurs as two 
or three seams in some folds in the southern portion of the farm 

Bretby. Yellow, weathered riebeckite-rich jasper layers occurring 
in the 20' of jasper below the Lower Potsherd Marker are developed 
on the Fourth Upper Zoue. These layers can be recognized over the 
entire area, but crocidolite has as yet not been found in them.

The distribution of asbestos on the various horizons in the 
Bretby .re. th.r.for. Indict., th.t th. ..t.rl.l, »l«b ...ntu.lly 
cryst.lllned ,0 fnr. =r,=ld„ll«.. —  orlgln.Uy -n.-.nl, dl.trlb.tri 
on th. various horiton. .nd th.t . C.tl.ely high ooncen,ration of 
crocidolite on .n, on. horiton in . p.r,l=ul.r .re. doe, no, neoe.s.r , 
coincid. .1th . .1.11.' rel.tive concentration on .no,her horl.on.

pistribution of intrusive rockSj.

■
collapse faulting.
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ii) Sills - Sills are confined to the farm Bretbyj their petrological 
description was given on page 70 .

The Bretby sills are up to 60* thick and outcrop in small scattered 
areas not exceeding 3,000' in diameter. They all lie about 140' above 
the Main Marker anr’ some of them have been displaced by vertical faults. 
The outcrops of the sills are marked by concentrations of shrub.

c. Structure of the area.

i.) Folding. - Crocidollte in varying concentrations is distriouted 
in "pod" shaped areas which are included in folds of the same shape. 
Asbestos is, however, not present in all "pod"-shaped folds developed 
in the Jasper and underlying Banded Ironstone Substagea.

In the jaspers the folds are recognized by a flattening in the 
regional westerly dip (terrace folds), but in the underlying banded 
ironstones easterly dips of up to 10° are not unusual. The strike 
of the folds is usually approximately north, but may trend to east 
of north in some cases. These structures usually measure between 
300' and 1,000' along the strike, but in a few cases the folds can 
be traced for close on 3,000' before dying out. The width varies 

between 50' and 300'.

* right hand in .oh.lon fold ion., (Plat. Ill) can b« tracd 
foi a distance of H.Ilea fro. the far. Srefllng In a north ea.t.rly 
direction into the far. Bretby. It oonai.t. of a a.ri.e of anti­
cline., bot.aen 1,000' and 5.000' long, which are off— t fro. ..oh 
other and connected by al.ll.r ayncllnee. By drilling on thee.

motor., and ..a.lnlng outcrop, of the fibre borl.on. It ... 
..tabll.h.d that crocidollte In w.rylng c e d e . Oration. 1. pre.ent 
in moat of tb. fold., but that fibre in on. fold need not 11. on 
the .... borinon in the adjoining one. Crocidollte 1. al.o d...l.p.d 
in both anticlinal and eynclinal portion, of tb. folds.

Hot .11 fold., wh.tber crocldolit. 1. pre.ent or not. can be

half of tb. far. Bretby and the antl.Un. of the Old Bretby « ,



dipping limb of the ayncline and in the synclinal trough itself.

ii) Faulting - On the farm Grayling and in the southern part of 
Bretby the same irregular collapse fault blocks as described in the 
area north of Banielskuil are in evidence. (Plate III). Parallel 
or subparallel faults result in elongated graben-like structures; 
this pattern of faulting is typical cf that portion cf the Kuruman 
area situated north of the farm Bretby.

From the southern portion of the farm Greyling two parallel 
faults, following the sides of the easternmost valley and trending 
to the north east, can be traced for about 2 miles before they swing 
to the north and cut across the hills for another four miles, eventually 
entering the middle valley on the farm Bretby. The long narrow block 
between these two faults has been downthrown for about 200', relative 
to the adjacent formations. From water-boreholes and from outcrops 
it has been determined that the planes of both these faults dip 
steeply to the west. All faults developed in the rest of the area 
are "hidden" in the sand-filled valleys; but it is inferred that the 
planes of these faults also lie very close to vertical. A fault in 
the western valley on the farm Uitbyl can be followed for several 
miles in a direction east of north to well outside the area showr. 
on the map. The rocks on the eastern side have dropped about 80' 
relative to those on the western side of this fault. All the faults 
of the Bretby area could have formed during the collapse of the 
Lower Criquatown Stage that occurred after the period of post-Matsap

folding.

i) n,. Cr.vlln. Kin. - This .In. 1. .l.-l* «« » •  ,ia* of
on. of th. ..in gravity f i t .  In th. ,ov«h prt of th. f.~

Grayling. (Pl.t. I I I ) .  » •  11
long anticline! .truotvr. ..ntlng ,0° ...« of north. CroclG.ll.
1. found on th. 260' .Id.. ...« "PPln, U *  "  » .  fold (Pl.t.
Th. „..t..t d.forMtlon of the rook, took pl.=. »  « .  cor. 
fold and gradually lessens towards its southern and nor).,err. ex
Likewise th, l.r,.„ cono.ntr.tlon of ..h..to. »  P f .  ■m==FmOn the Second and Fourth Lower Zones,
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no fibre in the first Lower Zone, but crocidolite development covers 
at least two thirds of the area of the fold limb on the First Upper 
"one. Concentrations of weathered asbestus, confined to a small 
area situated in the core of the fold limb, are present on the 
Second Upper Zone and also on four horizons situated within the 
360' thick zone of banded ironstones lying between the Bottom and 
Fourth Lower Zones. Llsewhere in the Kuruman area crocidolite 
development in the formations between the latter two zones is only 
rarely found and, as in the case of the Greyling Mine asbestos is 
then only present in small quantities. Fibre on the Bottom Fibre 
Zcne at the Greyling Mine is found in the core of the fold, but the 
extent of its development is not known.

Therefore if a borehole had been drilled in the centre of the 
fold limb it would have intersected crocidolite seams on all the 
abovementioned fibre zones while a borehole placed near the southern 
and northern extremities of this fold would only have encountered 
asbestos on the Second and fourth Lower Zones. In underground 
exposures and various borehole cores ic was also observed that as the 
crocidolite seams peter out towards the eastern and western extremities 
of the fold, the banded ironstones in which they lie contain progress­
ively more mass fibre. Boreholes drilled within the structure near 
the limits of folding intersected large quantities of mass fibre 
=„ th. various (Ibr. son.s; only v.ry quantiti.s of uaorl.at.t.d
rlebecklte «er. found in borshol.a pl.cd b.ts.en 200' snd W  »..t 

of the deformed area.
At th. Greyling Min. orooidolit. s . . . .  «r. therefore encountered 

in the rock. ..tending fro. th. Second Upper .0 the Botto. fibre Zones,

. vertical distance of 900'. It -  ^

.re nearly vertically .up.rl.pos.d. According to underground cbs.rvetlon. 
it would appear that « line connecting th. centres of th. or.bodie.

that th. f-ld - y  b. related to th. gentle pre-U.kop period of 

deformation discussed on page 5? *

m #
oould be pert of the o f f  °f "



The orientation of the fibres in the crocidolite seams was 
eeasured at various points in the Greyling Mine. (Pitt* VIII) It 
wp fou'id that the fibres invariably lie at a steep angle to the 
,ast This orientation is exactly opposite to that seen i:; "roci- 
lo’ite fibres in other east dipping fold limbs in the Kuruman area, 
fhere the crystals normally dip in the same direction as the fold 
Limb. Tnis orionVation of fibre in the Greyling Mine could not 
iave resulted from differential movement in the surrounding beds 
luring folding as this movement would have caused the crystals to 
lie at an angj.e to the east. The average of all aieanuro-nents in 
the mine also shows that the crocidolite crystals ara rot orientated 
in the a - c fabric plane of the fold, which strikes at 20° south 
of east, but lie in a plane striking 10° north of east.

As already mentioned on page 60 in the Kuruman area crocidolite 
crystals are normally orientated at various angles within a plane at 
right an;les to the fold axis, or parallel to the probable stresa 
direction. These folds normally strike north to north west and appear 
to be rented to the post-Matsap perioc of compression.

The area of crocidolite concentration in the Greyling Mine is 
also elongated parallel to the fold axis which in this case strikes 
20° east of noith, and therefore could have formed as a result of 
compression directed at 20° south of east. The cr, .dolite crystals 
in the mine are however orientated in a plane striking 10 north d  
east, which corresponds to the assumed direction of post-Matsap 
compression observed anywhere else in the Kuruman area.

It is, therefore, thought possible that the Greyling Min. or.
bodywa. formed a s .  result of the following events. A terrace fo ld

was foned during th. first period of folding when th. rocks were . .11 

1„ . plastic a tat., ttat.ri.l -hl=h —  »  ^! ■ »  zziZaTJ:: — — *°-—
of compression of the post-Matsap peri*

is developed in, and confined to a , 
fold, about 250' wide. (Plate IX)

■



. .. . pllc. on , ln thl„ u „ „u  of

“ • b,,“" n 2°' 120' -»• - i n  Marker. The ,ibr. la
therefor, develop., ln th. „„d s.coti Lo. „

,”rU C ‘n ' ‘-Vri.pc.̂ere.., elthln the ll.lt. of foldly!. Ih.
lorgltudm.l section thro.,eh th. .In. (put. II) lllu,tr.te, th.t 
th. Bretcy fold 1. either . elngl. doubly plunging ntructur. or ele,
«.» fomed no th. int.re.ctlon of t.o fold trend,, on. fold direction 
striking north - south end th. other .1th th. fold ail. striking 
sonewhere between north ,.st end south Th.t th. Ei.tb, folding
... in fact formed by on. period of en echelon folding, n. dlscuss.d

P,ia 59 • 1= SU«e«ot"- "I *1>. presence of . smnll,,. right h.nd
—  rib"  henrlnc arid Sltu.ted north e.et of the mine,
(Pl.t. Ill) end .1.0 by the f.ot th.t there 1. no sign of ...t ...t 
striking folds In the .ell er.posed rocks to the south vst of the 
mine. Since the crociaolite ore bcaieo in the mine are vertically 
superimposed it is thought that the materials that were to be 
transformed to asbestos were concentrated in a 1,700' long fold having 
a vertically orientated axial plane, which therefore- as discussed 
earlier, could be related to the earlier (pre-Loskop) leriod of folding.

A set of younger more intense folds are present along the 
western licit of the Bretby fold« These folds of much smaller 
amplitude have axial planes that dip at an average angle of 60° 
to the west and therefore appear to be related to the post-Matsap 
period of compression. This fold zone consists of a series of closely 
spaced overfolds, or thzust folds, which can be followed along the 
western limits of crocidollte development (Plate IX). Individually 
the folds are about 50C' long and some of them have beyn exposed along 
their entire strike, as a result of mining operations. It was observed 
that they strike in a north south direction, or parallel to the long 
axis of the ore body, for most of their extent. However, about 50* 
prior to dying out in the south, the flexures swing away to the south­
west and likewise just prior to dying out in the north the flexures 
strike in a north easterly direction. As such a flexure changes its 
strike direction, prior to petering out, another similar flexure 
starts to the left and as this other fold increases in intensity it 
too changes its strike paral’sl with that of the ore body.

Where these flexures strike i^ a south westerly direction they 
lie outside the area of crocidollte development* but otherwise th«.y 
not only fall within this area but their crests ari troughs contain 
up to five times more asbestos than present in th udjacent less 
folded forma tic s. It is also noticeable that crocidollte is not 
developed in those portions of the younger folds that were subjected 
to compression, sucn as vertical limbs.

The orientation of crocidollte was measured on several folds in
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Crooidolit. ..... frequently pinch out ju.t prior to being 
int.reected by y.rtlc.l jolnte. gh.n ,hl. „ „ „ „  th„
Of three or .ore Join, direction,, trl.ngul.r or polygonel block, of 
fibre ere pr.ee.,. The fibre block, eho.n 1. Pig„  3, „„d ,5 „„„
re.ov.d fro. . ,..11 y.u.g.r entlclln.l fold eltu.t.d ne.r the 
.id. of the .I.e. The Joint. Involved cu, verticil, through .11 the 
fold. ..d could only h.v. for.ed .t the end of or l.t.r then the yotwg.r 
period of folding. Joint, etrlklng In ,t le.et four direction, have 
h.d this effect on the fibre ae.no. Thee. Joint, .trike north eouth. 
east wast, north west to south east and north east to south west.
The angle between the latter two directions varies between 78° and 02° 
in the anticline where the fibre blocks were formed. Based on the 
work ot De Sitter (1964,p. 101-109), discussed on page 64 , the joints 
could have resulted if the rocks had been subjected to horizontally 
directed pressure from the west. In that case the north east and north 
west atria.ng Joints could be shear joints with their acute angle 
bisected by the anticlinal axis. The east west striking fractures 
could represent tension jointu formed parallel to the stress a.id the 
north south striking fractures could be frictional shear Joints formed 
parallel to the fold axis.

Release tension joints may also lie in a north south direction, 
and form after the stress has vanished. Apparently the Joints influenced 
the crystallization of fibre and therefore relieved a condition necessary 
for the crystallization of the asbestos. Since the crocidolite fibrer 
are orientated parallel to the stress direction which ca- sed the younger 
folds it is likely that all the fractures affecting crocidolite seams 
were formed at the same time. The north couth striking fractures are 
therefore more likely to be frictional shear Joints formed at the end 
of the folding than release tension joints formed thereafter.

Mass fibre oands are commonly present in the various fibre 
horizons of the Bretby Mine, and while some of these layers are 
confined to the ore body, others extend to beyond the limits of 
crocidolite development. At times several crocidolite seams found 
within mass fibre layers and such suams always have associated magn*tite 
'<ands. Magnetite bands lying in a layer of mass fibre, without any 
associated crocidolite scams occur on the /th level of this mine.
Wie occurrence is limited to that part of a mass fibre band lying in 
the trough or core of a synclinal fold. When these magnet'1 „e bands



are followed away from the core towards the limits of the fold, 
crocidolite crystals in contact with the magnetite band appear at 
fvrst as a mere film, but form a fibre seam up to thick within 
a few feet. Figs.7 and 14. The significance of this occurrence 
will be discussed on page 168.

The various relationships between the occurrence of crocidolite 
and distribution in relation to the folding in the Bretby Mine there­
fore suggests that the materials needed for the formation of crocidolite 
were concentrated in an elongated doubly plunging fold, with an en 
echelon continuation which was formed during an early period of
deformation, when the rocks were still in a plastic state.

During later folding this material was re-distributed in smaller 
flexures within the earlier folded area and then transformed to
crocidolite while the rocks were still subjected to stress. Since
those flexures immediately adjacent to the main doubly plunging fold 
contain no asbestos it is thought that the rocks were already lithified 
during the second period of compression.

3. The Asbea - Woodstock Area.

Two separate areas were mapped, one covering about 12 square 
miles surrounding the farm Asbes, the other lying to the south east 
including the farm Woodstock is about 24 square miles in extent.
(Plate IV). These areas lie between 6 and i? riles west of the 
village of Kuruman. On both farms prominent ranges of hills are 
formed by rocks of the Banded Ironstone and Jasper Substages. These 
hills are separated by a north west trending valley on the farm 
Woodstock and a north east trending valley on the farm Asbes. In 
each case the valleys appear to be related to collapse gravity

faulting.

Th. two ..11.,. .«d »1=» “>• Wll. °f
by comparatively d.n.e gro.th of .hrub .nd " . . .  .hid. f a u l t .  In .n 
apparent l.ck of outcrop In the latter " . . .  On cloe.r m.e.tlgetl.n,

extent as in other parts of the Kuruman area. All the hilla are 

marked by nue.rou, .r.nev.r.e ..11.,-. P"**61’ 
common joint directions.
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ii) The Lower Griquatown Stt^o.

aa) The Banded Ironstone Substage.

The Transition Zone - That the transition from dolomite with chert 
to normal banded ironstone takes place over a distance of approximately 
75', was determined from outcrops of these rocks on the farm koodstock. 
About 40' of black shaly rocks, with intercalcated chert layers, are 
found immediately above the dolomite. They are followed by a 30' 
thick zone of alternating dolomite and light grey to yellow chert 
horizons.

The Banded Ironstones - In outcrop these rocks are identical in 
appearance to the banded ironstones described previously. When the 
fresh banded ironstones are observed as a whole, it is noticeable that 
thjy ere darker in colour than those found in the sou than part of the 
Kuruman Area. The medium grey to dark grey colour is caused by an 
increase of the stilpnomelane content of the rocks. Layers composed 
of pure stilpnomelane are abundant throughout and vary in thickness 
from a fraction of an inch to 12". Green ferru-atilpnomelane bands 
are present in the 200' thick zone of banded ironstones above the 
Transition Zone, while brown ferri-stilpnomelane characterizes the 
upper formations. Interbedded chert breccia bands, so common in 
areas to the south, are rarely found in this area.

Ih, Main Mark.r oon.lata of a thick aaa.abl.g. co.poaad of
alt.rn.tlog baod.O Iron.ton., chert and jasper W "  *
pro.inert pinch and ...11 etructcr.. In the kood.tock era. th. top 
of th. Halo Marker la forced by a 2' thick lntr.fore.tlon.1 chert 
breccia .hlch la only occa.lonall, present in th. *abe. are. -her.

It Is much thinner and pinches out laterally.

Outcrop, of those rock. for. dl.tlnctle. ledge.. 20' hl8h
in th. Woodstock area, but are not develop* In th. A.be. area. The
top Of the Marker lies b.t.e.n 640' and 690' above the Oolo.t .
according to ...aura.ent. ..d. on the eastern portion of the 
Woodstock, but thi. distance Incr.a... to about 050' on th. far.

Asbes.

The Jasper Substage^WHE
.... — — -  - io-
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also be present.

Th. ■flu.mi,.- Marker 1, c.rl.J,, b, . 6- 9. thlok ,.u „.
brown np.ck^ ,..p.r l.y.r. On ,b. Par. .ow.bonk, bb. . » artzlt.. 
Marker ha. an app.ar.no. that earl., bat.e.n th.t

"Quartalta” Marker 1. u.u.n, da.abopea a. a gr„  r.coMniaabb. 
oo.ltlo layer, ehlch .hen ou.oroppln* 1, ln .pp..r.„c, t„
qnartalte, but la,.rally gr.d.e ln,o e, „  .bar, .h,cb 1. ,Ml.«l^,.b 
-able fro. other Cher, band, found In the .... .f rocks.

Th. Loeer Potsherd Marker lie. b.t.e.n 70' and 00' above th. 
"Ouartsit." Marker on the fen, Wood.tock, bu, thl, dlet.no. more.... 
.0 about 170' at the a.be. Mine. The ,ock. b.t.e.n th.e. ... „rk,r. 
consist of fairly evenly bedded jasper and "aandy" jasper layers 
.1th thin Intercalated light grey chert bands and layers containing 
disc-like and septarlan nodules. Massive riebeckite-rioh bands, up 
to 2' thick, also invariably occur towards the top of this zone.

!&«..Intermediate Breccia Zone. - This zone of rocks is well exposed 
in the ranges of hills south of the farm Ashes, and is also found in 
the fault valley on the farm Moodstock.

The Lower Potsherd or "Hanepoot" Marker is well developed and 
characteristically has its chert fragments standing on edge, though 
the bed may laterally alter to light brown jasper without any 
fragments in it. One or two similar breccias, with their chert 
fragments standing on edge may or may not be present in the 40' of 
jaspers overlying the Lower Potsherd Marker. In the overlying IOC', 
four or five intraforoational breccia bajids, characterized by flat- 
lying chert fragments are developed. The last breccia of this type, 
cr Upper Potsherd Marker, is up to 5̂ ' thick and its outcrop generally 
forms a distinctive ledge near the top of the hills.

The beds between the breccia bands consist of normal pinching 
and swelling jasper layers as well as even-bedded "snuff-box" jasper, 
shaly jasper, "sandy" jasper and light grey chert bands.

The Unner Jasper Zone - A complete cross-section of this zone is 
only present in the fault valley on the farm Woodstock where the 
rocks are very poorly exposed, The thickness of the zone is estimated 
at between 100' and 200'. The formations consist of alternating zones 
and layers of even-bedded jasper, "snuff-box" jasper, "sandy" jasper 
and light grey to white chert.

A 10' thick oolitic magnetite chert zone forms a capping on the 
hills south of the farm Asbes; it lies about 80' above the Upper 
Potsherd Marker,



«.) Th, M b n  - rib,. d.».lop.d lB th. ,llr. ^
th. top of .nd luBedlately oy.rlyln, tt. ,„„.ltt0I1 1= „
on the farm Woodstock, /rum

the first Upper eod flirt Lo.er fibre Zone,, ehu. „ „ U  cone 
of crocldollte ere found on the flr.t end Second lo.er Zone,.

concentrations

The Langley Mine, situated on the farm of that name, near the
south eastern boundary of Woodstock, is situated on a large terrace 
fold. In this structure the Second and Third Upper Zones can be 
recognized by the surface outcrops of oxidised asbestos seams, while 
the Fourth Upper Zone is characterized by comparatively large 
concentrations of crocidolite, set in numerous unweathered mass fibre 
riebeckite bands. Large concentrations of asbestos, developed on the 
First Upper, First Lower, T-elrd Lower and Fourth Lower Fibre Zones 
are found in the Asbes Mine situated about 10 miles north west of 
the Langley Mine. As on the farm Woodstock, fibre development on 
the Second Lower Zone in this mine, is confined to a narrower zone 
(2' - 6') than normally found to the south and north of these areas,
(12’ - 30').

Two or three seams, each with fibre up to 3" long are found in 
outcrops of the Second Upper Zone occurring near the core of a fold 
on which Asbes Mine is situated. The fibre lengths gradually decrease 
and the seams eventually peter out when followed to the fold limits.
In the same mine fibre is continuously developed in a zone of rocks 
between the First Lower anc First Upper Fibre Zones, which therefore 
includes the Main Marker " In the Asbes Mine fibre development 
is also uninterrupted the Third and Fourth Fibre Zones.

Thin fibre seam Fourth Upper Fibre Zone are locally
developed in gentle .olds in the Asbes-Woodstock area, while the 
numerous mass fibre and riebeckite-rich layers in which these fibre 
seams are formed, can be traced over the entire area. These rie­
beckite bands of the Fourth Upper Zone are better developed than 
anywhere else in the Kuruman area, and may be up to 31 thick locally.

dd) The Tillite Substage - The only exposures of these rocks are 
found in a small area in the valley on the farm Woodstock and these 
yield insufficient information to estimate the thickness of the 
Substage.

The rocks visible consist of grey rounded boulders with a pitted 
surface resembling that of quartzite. When broken open it can be 
established that these rocks consist of numerous angular brown jasper 
and grey to black waxy, partly rounded chert fragments, up to 4" in 
diameter, set in a sandy matrix composed of iron-rich chert grains 
with a buff to red brown colour.
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••) Tht 0ng«luK Lav# - A thickness of at least 500' of lava is present 
under a sand cover found in the north east striking fault valley on the 
fare Asbea. The rook is not exposed to surface, but percussion boreholes 
drilled in the valley established that this dark grey to green grey rock 
is at times very coarse grained in which case, as in the Danielskuil 
area, the borehole sludge is indistinguishable from the sludgo derived 
from the basic intrusions.

b. Distribution of Intrusive Rocks,

i) Dvkes - The only dyke recognized in the Woodstock area and a 
further four in the Asbes area, strike in a direction just north of 
east, which is uncommon in other parts of the Kuruman area.

The most southerly dyke in the Asbes Area is shown in the south­
western corner of the map (Plate IV) from where it continues for at 
least 8 miles to the east. It transgresses the rocks in the Heartlands 
Mine, outside the area mappti, and continues through the Dolomite 
Series and eventually passes through the village of Kuruman. The 
famous Kuruman"Bye", a spring which yields approximately 4* million 
gallons of water per day, is situated on the southern contact of this 
intrusion. The petrography of this dyke has been described on page 69.

The dykes of the Asbes-Woodstock area are apparentl;- not displaced 
by the faults which they cross and appear to have been Intruded after 

collapse faulting had taken place.

Structure of the Area.

folmn. . Th. Lo.er Criqu.<o.n Stag, formtlo... " P  •l • 
n.t.nt angle of b.«...n 3° and 5° to th, "Fod" nh.p.d t.mac.
ild., striking between north and north ...t. -ay “  baphaeardly 
.atrlbuted In th. rock, of th. J..p.r Sob.,age, or 11. on a poe.lbl.
,ft hand ib .ch.lp. direction a. in th. c.a. on th. far. i.ba.

I,). More pronounced fold., that haw. an .»< dipping ■ 
r. only rarely encountered in outcrop, of th. banded iron.ton..,

« peculiar occurrence of thin i," - 6- thick) contorted layer.

■ B E
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dl.pl.y unllk. ..comical prop.rti..,

.nl.otroplcln th. ..ns. that th.y dwar.or. ...lly.ion* direction, 
quasi-parallel to compression than in other directions."

Th. concntration. of fikr. at th. Asb.s Min., and asb.sto.
inter8eCted in Varl0US b".hole. on the farms Asb.s and Fairholt. 
as well as in the Heartlands Kin. outside the area shown on the
map, are confined to north trending folds developed in a four mile 
long, north east trending zone. These folds lie in a left hand 
en echelon pattern which could have resulted from horizontally 
directed pressure from the west.

ii) Faulti,ig - The formations lying in a narrow north west trending 
fault trough situated in the valley on the farm Woodstock, have been 
downthrown for about 400' relative to the beds found on either side 
of this valley. The two apparently vertical faults on the sides of 
the valley gradually converge to the north east. (Plate IV). The 
rocks exposed near the south eastern corner of this farm have been 
broken up by numorous closely spaced joints, striking parallel to 
the nearby fault. An apparent vertical, north west trending fault 
near the eastern boundary of the farm Asbes causes a downthrow of 
about 80' on its western side. A typical gvaben, marked by two 
parallel vertical faults on the farm Asbes, tiends 18° east of north, 
and forms a prominent valley between the ranges of hills. The dis­
placement that occurred along these fault planes cannot be determined 
accurately, but the block of ground may have sunk for a distance of 
nearly 1,500’, relative to adjacent formations.

d) The Asbes Mine - (Fig 42).

Two large concentrations of fibre at this mine are found in 
parallel left hand eliptically shaped areas with an en echelon 
distribution. In the outcrops of the Third Upper Fibre Zone the 
mineralized area falls within a single synclinal structure. However, 
in the underlying First Upper and First Lower Zones, the area affected 
by this synclinal fold is underlain by two smaller left hand en echylqn 
aynclines. (Plate X). Although there is some fibre in the anticline 
linking these smaller doubly plunging eyrclinee, the individual 
structures also coincide with areas of relative crocidolite enrichment. 
These two folds strike in a northerly direction, each is about 1,000' 
long, with a vertically inclined axial plane.

The crocidolite ore bodies of the Third and Fourth Lower Zones 
re situated vertically below the upper V bre concentrations, and in 
this way are related to the two single eynclincs. The rocks of these 
lower zones have been far more intensely deformed than the overlying 
formations and numerous oblique cross cutting lolds o t probatle
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Matsap age can be recognised. These smaller structures may strike 
anynhere between 10° east of north and 28° west of north, while the 
greatest deformation occurred in the rocks lying immediately below 
the eastern limbs of the two large overlying synclines. The axial 
planes of these apparently younger folds dip at angles of between 
55° and 65° to the west.

An east west cross section (Plate X) of the mine clearly 
illustrates that the dishermonic younger folds are more strongly 
developed in the riebeckite-rich Fourth Lower Zone, exposed on the 
No. 4 level of the mine, than in both the overlying and underlying 
layers.

In the Asbes line crocidolite is encountered within the 38' thick 
Zone of rocks which contains the Main Marker Bed, between the First 
Upper and First Lower Zones. Fibre was also formed in the Second Lower 
Zone and in a 100' thick zone of rocks comprising the Third and Fourth 
Lower Zones. On all horizons fibre is only found within the area 
defined by the large syncline recognizable on surface. As the two 
en echelon synclines develop out of the large structure and become 
more pronounced downwards in the succession, the asbestos becomes 
more and more concentrated in the troughs. On the Fourth Lower Zone 
crocidolite is confined to the synclines and no longer is present in 

the linking anticline.

Th. accompanying plan. (Hat. l) ahc.a that th. fibr. min.d on 
the varioua l.v.la of th. mine 1. found in verticil, aup.ri.po.ad 
araaa. Both the anticline and a yn c lln .a  of th. younger — 11 fold, 

are enriched in asbestos.
It has also been established that the crocidolite fibres are 

orientated at various angles to the bedding, tut all lie on P 
that lie. at right angles to the fold axis of the younger fold., and 
therefore corresponds to the a - c ialrit. plan

An example of fibre orientations in such a fold is given in 
(Plat. I). Th. croaa .action of th. fold aho.n la at right ang.a. 
to th. fold ail.l th. fibre, ar. orl.at.t.d t.hln «hl. pl-n. >
., right angles to th. Cddlng. bu, .1-0 —  thi. dlr.ction 
the orientation of the axial plane of the fold.

... Z L Z Z Z  Z Z T Z L Z  rold. .dldh d.v.lop^durin,

m m m

fold period.
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The bended Ironat>ne hoat rocka of crocidolite developed in the 
Pi rat Lower and Pi rat Upper Zone a ha*-e a comparatively low magnetite 
content; the magnetite layers present rarely raaoh a thickness of 
■j-". The southern and eastern margins of these fibre bodies have been 
exposed in the underground workings and it is noticeable that the 
magnetite content of the banded ironstone increases sharply as the 
folding and crocidolite seams die out. This increase is evident in 
both the amount of disseminated magnetite grains and pure magnetite 
layers. The latter are not only more frequently developed but also 
occur in bands up to 3" thick. There is no trace of an abnormally 
high magnetite content in these rocks where they were intersected by 
a percussion borehole some 600' south west of the mine.

4. The Riries Area Worth of Kuruman.

The relevant map (Plate V) on a scale of 1:20,COO, covers a 56 
square mile area of Lowe- Griquatowr. Stage rocks situated on the 
northern continuation of he eastern limb of the Diaoten Syucllne.
The area generally is characterized by low, north trending ranges of 
hills, surrounded by Kalahari sand. Three operating asbestos mines 
are situated within the northern half of the area shown on the map.

The formations of the Banded Ironstone Substage are comparatively 
..11 .ipo.ed, while the., of the J.epor Sub.t.g. . . oft.n covered bj 
. 6- to 2' thick, fin. rubble l.jr.r ehd ool, outcrop occeeiooel.r.

ln e x c e p tionelly thick rubble leper, in piece. 8'. le ‘1°n« 
th. eastern elope, of hill, fomed b, the deeper dub.tep oh the for. 
Klgon. Angular, eub-engul.r or rounded boulder., up to V  eero... 
derived fro. th. loe.r h.lf of th. Bended Iron.ton. Sub.tege, occur 
fro. plac. to piece in th. rubbl. .nd *x.t h.». been .oved for

di.t.nc. of bet.... 1 eod 3 .11... »  1" """
probably tr.n.port«l durinr the B.yk. p.riod of gleci.ti.n.

Several clrcul.r d.pr.e.lon., bet.e.n 200' end 1.000' ecro~

r r or;

m m #



than anywhere else.

The possibility that the djprensions originated as r. re&ult of 
pulsating action in a volcanic pipe (kiaberlite?) cannot be altogether 
discounted. However, in view of the fact that the depressions are so 
common and because no trace of any igneous material or aetaeorphism 
of the wall rocks was ever observed it is more likely that they arc 
sinkholes formed by a collapsing 7 the rock in fractured ureas. This 
is also supported by their dist .tion along gravity faults, where 
deep weathering normally took place, and by the fact that carbonates 
which would have been leached out, are some of the najor constituents 
of fresh banded ironstones.

1

a. Stratigraphy.

i) The Lower Griquatcwn Stage.

aa) The Banded Ironstone Substage.

Th. Transition Zone - This zone is about BO' thick end was only 
studied in outcrop. Black shaly dolomites, rich in pyrite, overlie 
the massive dolomite and grade upwards into alternating bands of 
light grey chert and dark shale before passing into cbsrty banded

irons tone.

1%. Randed Ironstones. - Thin chert bands are more common in the 
banded ironstones of the first 100' above the Transition Zone, than 
in those formations found higher up in the succession. Comparatively 
large concentrations, of up to 4" thick magnetite layers, are commonly 
developed in the banded ironstones found immediately below the Fourth

Lower Fibre Zone.
The w  thick con, of h-nCed inohston.e, ijrlng b.lo. » .  K.in 

Marker D.d, ha, bean e.poa.d in the -ariou. .«.= -f the area. A

m a m

1 to 2 miles apart.



106

Infrbedded band, compo.ed of pure stllpnomelane are common in 
the fre,h banded iron.tone. of the first to fourth Lower fibre Zones, 
and are of the brown ferrl_.tilpn,melan. variety. Such a band, the 
&  x,d Lower footwall Marker, v.rie. from 2" to 10" in thickne.e an, 
is present over the entire area. Whereas no rieb.ckite is present 
in the banded ironstones lying below this stllpnomelane band, a little 
mass fibre, or in folded areas, crocidolite, is always found in the 
rocks overlying this band. Locally a bedded breccia lying immediately 
below the Second Lower footwall Marker may be developed. The breccia 
has only been studied where it occurs in the various mines as it was 
not recognized in the weathered rocks exposed on surface, (fige. 18 
and 19). It is therefore not known whether this band is also breccia ted 
in unfolded areas. The band may be up to 18" thick and consists of a 
mosaic of rounded and angular chert or chert-rich fragments, some of 
which may be contorted, set in a stilpnomelane-rich matrix. Laterally 
L-b« band may disappear entirely or form chert boudins lying in a 
stilpnomelane-rich matrix. At times a a]ickensided surface exists 
on either contact of the overlying Second Lower footwall Marker.

Not only the Second Lower footwall Marker, but various other 
otilpnomelane and chert bands comprising the Second Lower fibre Zone 
of the Riries Mine, can also be recognized in the Mt. Vera Mine, 4 
miles north of the Riries Mine as well as in the White Rock Mine 
situated 4 miles to the north east. However some bands found in the 
underlying Third and fourth Lower fibre Zones cannot be followed from 
the one mine to the other.

The Main Marker consists of a 101 thick zone of rocks which in 
easily reco lized by the uneven beddea, pinching and swelling jasper, 
banded ironstone and chert layers of which it is comprised. The 
Marker can be followed along the eastern ranges of the hills on the 
farm Mt. Vera, and in the north eastern part of the area shown on the 
accompanying map, although its outcrop is not usually characterized 
by prominent ledges as in the areas to the south. Intraformational 
chert breccia bands are sporadically developed and then mostly at 
the top of this zone. These bands are between 5" and 9 thick, and 
can rarely >>e followeo for more than a few hundred feet before pinching 
out. The top of the Main Marker lies about 9501 above the Dolomite 
Series, according to measurements a on outcrops of these beds cn 

the farm Mt. Vera.

bb) The Jasoer Substaxe.

The Lower Jesner Zone. - As in other parts of the Kuruman area a 
distinctive 10’ thick layer consisting of tninly bedded ironstones 
Is present above the Main Marker. This layer is succeeded by a zone 
of rocks varying between 145’ and 160' in thickness, wh*ch is overlain
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b, th. "Quarttltb" M..-,,,. Th. .... =o.prl..B typlcll pl„chlng 

jaspar band., b.t.a.a p. and 12, thlcki .ly
,.110. b,o.„, bro.n or dark bro.n colour. Inl.rb.dd^ layer, of 
almilar thlcte..., =o„al.,i„g „f gr.y or y , n „  chart „ d  baod.d 
1roo,ton. ara Invariably al.o praa.at. addition ,p.ckl.d
jaapar band, ara al.o found. Th. neat dl.tlnctl.a of th... band. I.
aouatinea r.f.rr.d to a, th. Speckled Marker and Ho, 60' abo.a th.
Main Marker Bed.

The outcropping surface of the formations underlying the 
"Quartz!te" Marker is characterized by a lack of trees and shrubs, 
as opporsd to the comparative dense growth found on the outcrops of 
the surrounding rocks. The Magnetite Chert Marker or "Quartz!te"
Marker described on page 42 , is developed as an easily recognizable
layer, between 6" and 15" thick. The appearance in outcrop is similar 
to that of a fine to medium grained grey quartzite. A second 
magnetite chert band io locally founa on the farm Mt. Vera and lies
about 10* above the Main Magnetite Chert Marker.

The zone of rocks lying between the "Quartzite" Marker and Lower 
Potsherd Marker varies i,i thickness 1:tween 185' and 205'. For the 
most part these beds consist of pinching and swelling light brown to 
dark brown jasper bands similar to those present in the lower portion 
of the Jasper Substago. Interbedi ed bands consisting of light grey
or yellow chert, even-bedded brown "sandy" jasper and occasional
layers consisting of flat diroidal jasper nodules are also found. 
Disseminated magnetite grains or layers up to thick are very 
common.

A few to 1" thick magnetite bands are commonly found, lying 
about 50' to 60' below the Lower Potsherd Marker. Small l/lO" round 
or oval shaped riebecicite inclusions often present in the magnetise 
bands, leave a characteristic pitted surface after removal by weathering.

A light brown to grey coloured 6" thick oolitic magnetite chert 
or Upper "Quartzite" Marker lies about 25' below the Lower Potsherd 
Marker. Hiebeckite-rich jasper bands or pure riebeckite layer; up 
to 6" thick are sometimes found in the rocks lying between 60' and 70’ 
above the Magnetite Chert Marker but are invariably developed in greater 
or leaser extent in those rocks lying bet-een 20' and 50* below the 
Lowir Potsherd Marker. It is only very rarely that any riebeckite 
crystals are found in the latter layer and riebeckite is not present 

.n any of the overlying beds.

Intermediate B r e c c i a ^  - The rocks comprising this zone lie 
between the Lower Potsherd or "Hanepoot" Marker, a thickness that say 
vary from 150' to 180'. The zone of rocks is well exposed on the farms

Llgon, Mt. Roper and Mt. Vera.
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The Lower Potsherd Marker has the same appearance as in the rest 
of the Kuruman area, being characterized by vertically orientated chert 
fragments, while the layer itself does not exceed 12" in thickness.
Between 6 and 10 other potsherd breccias may be developed in the 
overlying rocks, the uppermost band being referred to as the Upper 
potsherd Marker is usually about 3' thick.

All the r tsherd bands, apart from the Lower Potsherd Marker are 
characterized by the more flat-lying chert fragments and normally 
vary in thickness between a few inches and 2'. The Lower and Upper 
Potsherd Marker as well as some of the intervening breccias can be 
intermittently followed over the entire area. However, some of the 
breccias only extend for a short distance before pinching out.

The beds between the chert breccia bands mostly consist of 
fairly evenly bedded jasper, "sandy" jasper and "snuff-box" jasper, 
though pinching and swelling jasper layers, light grey to white chert 
bands and discoidal nodule-bearing jasper layers are also found.

The Upper Jasper Zone - The zone extends from the Upper Potsherd 
Marker to the overlying Tilllte Substage, a distance that varies 
between 15 '̂ and 200'. It is composed of fairly evenly bedded jasper, 
"sandy" jasper and "snuff-box" jasper layers. Intercepted light 
gr.y chert b.nd. become more frequent to.erte the top of thle eucoeeelon.

A 10' to 25' thtck grey oolitic m.gnetlte-chert tone occure .bout 
110' ebove the Upper Pot.herd Iterker. It 1. elmil.r In eppeereno. to 
the -Husrttlte- darker end le therefor, e.elly recognlt.ble. The 
layer con.let. of lightly packed round or oral ehap.d oollt.e, up 
to l.Ama long, c o . p c d  of magnetite, quart., or al.ture. of magnetite, 
quart, and carbon.,.., Some magnetite porpnyrobla.t. cut through the 
oolite, and are ob.louel, younger than the latter. Thl. magnetite- 

chart zcne is always well exposed in the area.

On ,h. far. Blgon, ...ar.l typical Intr.for.atlon.l ch.r, br.ocl. 
are daveloped. lying Ulthu. 50' abo.a tb. Upper Pot.h.rd darker.

= E E r ~ r L - . .
oniSliit
part of the area shown on the map.
Bottom Zone has not been exposed in fresh rocks.
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The largest concentrations cf asbestos on the Third and Fourth 
Lowrr Zones are found at the Rlrles Mine, (Plate VI), and also In 
outcropping folds situated In the Lower Kuruman Native Reserve 
adjoining the farm Rlrles.

Fibre in these tones is also developed at the Mt. Vera, White 
Rock and Oreadla Mines and in numerous folds wh.ch can be recognized 
on surface or. the farm Mt. Vera and the north eastern part of the 
area shown on the map. However, this fibre may lie anywhere within 
these tones; when the stratigraphic columns of the Rlrles, Mt. Vera 
and White Rock Mines are compared (Plate VI), it can be seen that 
asbestos seams which occur on a particular horizon in one mine are 
not necessarily present in the others.

Within various mines and folds of the Riries area, asbestos is 
normally developed in the First and Second "Cuts" of the 28' thick 
Second Lower Fibre Zone. Crocidolite concentrations on the Third 
and Fourth "Cuts" are not so widely distributed, but can usually be 
mined when the First and Second "Cuts" are particularly rich in 
asbestos. In some cases however more asbestos is found on the Third 
"Cut" than on the Second "Cut" of a Second Lower fibre body.

An exceptionally large concentration of asbestos, covering an 
area comparable to that found in the Second Lower Zone, is developed 
in the First Lower Zone at the Whit. Rock Mine. Smaller economic 
concentrations of fibre in this zone are also found at the Riries 
Mine, but only sporadic occurrences are present in other mines and

explored folds of the Riries area.

At th. lit. Mine .nd .1.0 In .n op.n fold n..r the c.ntr.
of th. Mt. Van. ft'.. fl»r. on th. Plr.t O p p r  Zon. 1. found In .
,0' thick.... of rock, overlying th. lUln lUrk.r. Ov.r th. r..t of
th. Birtee . .. It 1. -or. u.n.l »  "nd «... th. ..h..to. ..... 
confined to ,h. Ic.r h.lf of thl. ton.. Flhr. ..... =« th. S.cond

..d Third -PP., Zone. .r. ^

Mines.
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r : :
the bedding planes of 2" - 6" thick mass
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filled by relatively coarse crystals of tabular riebeckite. Such 
crystals may also be orientated roughly parallel to each other at 
approximately right angles to the bedding planes.

dd) The Tillite Substage. - The comparatively soft rocks of the 
Tillite Substage are rarely exposed on surface and only the lower 
part of the succession could be examined in outcrops on the Lower 
Kuruman Native Reserve.

Here a 10' thick granular bed lying conformably on the beds of 
the Upper Jasper Zone is developed. This rock consists of round or 
oval shaped grains varying in diameter between 0.2mm and 1.6mm.
Most of these are composed of cryptocrystalline quartz, but grains 
consisting of mixtures of quartz and magnetite are also present. 
Small cavities found in some grains suggest that some carbonates 
may have been present in th» fresh rock.

The grains are tightly packed and set in a matrix of relatively
coarse grained quartz. Numerous porphyroblasts of magnetite cutting 
across the grains also commonly occur.

Downdip the granular bed is overlain by about 30' of tillite 
before these rocks are terminated by a large upthrow fault. The 
tillite consists of numerous angular and rounded fragments; from 
a fraction of an inch to about 6" in diameter, composed of brown 
jasper, dark grey waxy chert, and light grey to white or yellowish 
chert and set in a brown ferruginous fine grained matrix. Striated 
pebbles some having a slight convex surface have also been found.

ee) The Ongeluk Lava - The lava does not outciop in the area
mapped, but weathered lava was exposed in a gravel quarry in the
wide north-trending valley on the far. Riries. A borehole drilled 
in this valley, just east of the Riries Mine, intersected lava from 
■ear surface right up to its final depth of 400'. This sludge was 
very similar to that derived from boreholes in the basic intrusions 
of the area and amygdales were not recognised in it.

b) Distribution of the Intrusive R°£3££.*



Ill

lie in a direction Just east of north while only three dykes on the 
Lower Kuruman Native Reserve, in the northern part of the accompanying 
map, were found to strike in a north westerly direction.

All these intrusions strike in directions coinciding with those 
of joints observed in the area. Aptrt from these fractures sets of 
closely spaced vertical joints are normally present in the formations 
adjoining a dyke, and appear to be related to the intrusion of the 
latter. Some dykes can be followed across several of the faults 
mapped, and are also clearly younger than the latest folds. As the 
Mein Riries Dyke cuts across an older dyke in this mine, there must 
be at least two periods of intrusion. The Main Dyke is about 80* 
wide end trends 30° east of north. It is of doleritlc composition, 
while the older dyke which strikes in a direction 60 east of north, 
is much altered and has a diabasic composition. Both dykes cut 
through the latest folds and also caused recrystallization of croci- 
dolite to riebeckite in adjoining fibre seams. Not all faulting 
occurred prior to the intrusion of the youngest dykes as some move­
ment took place in the Riries area after intrusion of the Main Dyke. 
This is evidenced by the slickensided surface on the west side of the 
dyke, where a down throw of 28', relative to the formations on the 

other side was measured.

c) Structure Q'i~ the Area.

1) tsiiist- 1" *"• Rlrl«" *” * ,he "  r’gl0,'“  dlp of ,h*
Loner Crlq-.to.n 3«.«. forMUon. »«!.. fro. 7° v.et 1- .ou«h 
to 9° ...t in the north «nd Is therefor, st.spsr tner. In the —  
south of tunm.n. ,11 fold, d.r.l.hsd In this sr.. s.rlhs -»rrr
north trendln* fold. sl«h . v.r,l«l

■
persist to the rocks of the n0t been recognized



in the field.

Asbestos is found in "pod" shaped or eliptical bodies with their 
long axes trending in north to north westerly directions and situated 
within deformed areas of similar shape. The largest concentrations 
of fibre are encountered on the limbs or in the troughs of folds which 
are usually doubly plunging. The doubly plunging nature of the 
synclines is not pronounced and can only be deduced from the fact that 
a -articular layer may be from 3' to 20* lower in the centre of the 
structure than at the northern or southern extremities.

A series of such doubly plunging synclinal and anticlinal structures 
apparently distributed in an en echelon pattern over a distance of 2& 
miles have been recognized in the gently folded jasper outcrops in the 
southern part of the Lower Kuruman Native Reserve. (Plate V). The 
folds lie in a right hand en echelon pattern which extends in a 
direction 30° east of north and includes the folding at the White 
Rock Mine. Individually the folds measure between 1,000' and 1,200' 
along the long axis and strike somewhere between due north and 25 
west of north. That all the folds contain some crocidolite was 
established from outcrops and boreholes. Sizeable fibre concentrations, 
some of which have been affected by weathering, are only present in 
the White Rock Mine, the en echelon folds adjoining it on either side 
and in a doubly plunging monocline developed 2 miles to the south 
west of the mine. The presence of large quantities of asbestos in 
some folds only is thought to be due to uneven distribution of the 
constituents of crocidolite during their deposition.

As in the areas to the south, folds with steeply dipping axial 
planes, r.l.tW to th. young" P«10d of d.for-Uon. " ,  pn.ctio.lly 
confined to specific zones in the banded ironstone. On the■ I B
fold and are also arranged in en echelon pa

in the crests of large anticline  ̂^ ^  Qld Bretby Mine, but are:::::: : :::: : ---.rrrrr
- — —
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During the subsequent periods of horizontal compression from the 
west such basins would tend to be amplified into synclinal folds.
If only relatively small quantities of material to form crocidollte 
were available outside small depositional basins there would only 
have been enough proto asbestos to migrate to zones of tensional 
stress formed in folds within the basin while any large folds 
formed outside the original depositional basins would therefore 
contain a relatively small amount of asbestos. Both the anticlinal 
and synclinal crests of the small younger folds formed within the 
areas affected by the older synclinal structures, normally contain 
large quantities of asbestos, probably aue to the re-distribution 
of material already present in the older fold.

ii) Faulting - In the Riries area the rocks of the Lower Griqua- 
town Stage have been more affected by numerous high angle and vertical 
faults than in the areas described farther south. As elsewhere, the 
criss-crossing oblique faults appear to have resulted during a penoa 

of general subsidence.

The largest displacements were measured on the north striking 
faults which trend in the same direction as the prominent ranges 
of bill.. (Plate V). It la noticeable that the t.o north Btrlking 
f.„lt. on the eaetern elcpee of the hllle ere broken by . ehort 
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reservei where this east west striking structure coincides with a 
north east trending "step" in a major north trending fault. In this 
area the relative rcrvement is equal to the combined throw of both 
faults. Although these relationships give no proof as to the relative 
ages of the two structures it is an indication that the formation of 
the north striking fault was influenced by an earlier north east 
striking structure or else that both faults formed simultaneously.
At the Riries Mine the north of east striking fault cuts across the 
latest folding.

Although the various faults frequently intersect, no actual 
horizontal displacement was observed and it is therefore not possible 
to establish any relative age difference. Most of the faults are 
intersected by dykes, but some movement took place along the western 
contact of the younger Riries dyke. Collapse faulting therefore 
occurred in at least two periods, probably starting after the post- 
Matsap folding had taken place. The writer is inclined to believe 
that most faulting took place soon after relaxation of the post-Matsap 
compressive stresses but that to attain a neutral stress condition 
small scale movement continued over an extended period.

d) The White Rock Mine (flatq &l)

Thl, .in. 1. .ltu.t.4 in th. Lo-.r tun— n .bon.
4 .ii.. .... of <h. Ririe. Min.. "b...o. 1. 4...1op.d in .hr., .djoln 
-in, right hand .. .dh.Im fold.. ..oh 400’ .Id. .nd 1.200' long, 
tr.ndlng 20° .... of north. Th. .In. 1. .llu..* «” “ • 

limb of the centre fold.
On. .0 fracturing .nd f.ul.lng of th. fom.tl-n. •-» "“».,u.n.

limits of the structure.

thinner and petering out towa aeaBa of aabestoa are
developed on the Second Upp«r 2on*' While “ 
found on the First Upper Zone.

 ______   the First Lower Zone.



development on the Fourth Lower Zone has as yet not been properly 
explored. It is however known that asbestos is present in small 
disharmonic folds with axial planes dipping to the west, and that 
the associated rocks have a vevy high mass fibre content. Croci- 
dolite is only present ir those folds that lie vertically below 
the area covered by fibre development on the Second Lower Zone.
No fibre was intersected in boreholes placed outside this area.

Underground exposure of the First Lower Fibre Zone extends to 
well beyond the eastern- and a little beyond the western Unit of 
fibre development. As in the case of the Asbes Mine, the banded 
ironstones situated on the western rim of the White Rock orebody on 
the First Lower Zone have a particularly high magnetite content.
The magnetite content of banded ironstones does not seem unusually 
high or low on any horizon anywhere in the mine except along this 
western rim of crocidolite development.

The magnetite content of these ro;ks increases from an estimated 
20Jt to an estimated 35 - 40)6 over a distance of 20‘ and remains the 
same for at least another 10', which is as far as the zone is exposed. 
The magnetite content of these rocks is not unduly high in a borehole 
placed about 200’ further vest. As in the case of the A Mine 
the relative increase of magnetite is present both as an increase 
in the quantity of disseminated grains and as a thickening of the

layers.

e) The Mount Vera Mine (Plate XII).

The mine is about 5 miles from the Riries Mine and is situated 
near the northern boundary of the farm Mount Vera.

Asbestos is mined over the 28' thickness of the Second Lower 
Zone that is also exploited in the Riries and White Rock Mines. The 
crocidolite bearing zone is removed in four "cuts- with the rocks o
the First and Thin) "Cuts" having the highest fibre content. The
are. with proved Second Lower fibre development is made up of at 
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Figure 43

Dishannonic thrust folding (post-Katsap) enriched by 
crocidolite (pale grey). Folding trends west of north. 
Fourth Lower Zone, - Mt. Vera Mine.

Figure 44
lo^t litre lateral movement in competent layer causing collapse 
breccia and bulging of incompetent lower fibre-bearing layers 
into the opening above.
Second Lower Zone - Mt. Vera Mine.
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These fibre concentrations are developed in a series of gentle 
monoclinal folds also striking 30° west of north and it is noticeable 
that the asbestos content of the rocks increases whenever there is 
a steepening in the westerly dip. The moniclinal folds are apparently 
not doubly plunging as there is no recognizable change in the strike 
of the beds when followed through the mine. As becomes evident when 
the transverse section through the mine (Plate XTl) is studied, the 
mild folding recognizable in the Second Lower Zone, dies out upwards 
in the succession and can also not be recognized in the formations 
of the Fourth Lowei Zone below. Measurements of fibre orientations 
on the Second Lower Zone (Plate XII) also show thit the fibres lie 
in or very close to the a - c fabric planes of the folus.

Pronounced disharmonic folds (Fig. 43) with inclined axial planes 
are developed in specific layers of the Fourth Lower Zone. These 
structures also strike 30° west of north and the deformed rocks 
contain considerably more cncidolite than present in the adjacent 
formations. The individual fibres are again orientated at various 
angles within the near vertical a - c fabric planes of the flexures.

A considerable amount of differential movement must have occurred 
during the formation of these disharmonic flexures. This is indicated 
by the slickensided surfaces of stilpnomelane bands which usually 
formed «. -.chm.nt pl.n«. »i. mov.m.nt 1. thought to h.». ocourr.d 
simultaneously .1th or prior to the cry.t.llltetlon of the orocld.llt. 
ro. orientated in the a - = fabric plane, of the fold.. Bo.e.er .... 
differential movement did occur during a poet fibre period in the

bed. of the Second Lo.er Zone. (Big. « >  "
the central orehody. vertical crack,, striking roughly .... - -  b.».
been f e e d  in a 6- thick layer of the Blr.t "Cut-. The layer.i i *
in a state of horizontally directed tension.

normally been breccia ted along *u0-J,bie that the roundedTt is also noticeau-L®
feet away from the fracture. ^  wfcy ftre v#ry similar to
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Figure 45
Micrograph showing smell shear filled with minnesota_te 
at an angle of > 3C to the bedding, Minnesota!te - 
dark grey, quartz - white, and carbonates seen aw grey 
to black rhombs. X 15, Ordinary light, Fourth Lower 
Zone, Mount Vera Mine.

Fig. 46
\iew from south of the veitical shaft headgear showing 
some of the houses at the Riries Mine.
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ironstones derived from near such shears, ainnesotaite crystals may 
be found to lie in microscopic fractures orientated parallel to the 
larger fracture. (Pig. 45) also see page 65 .

To summarise, at the Mt. Vera Mine crccidolite is distributed 
in varying amounts on several horizons but is confined to vertically 
superimposed areas of a roughly eliptical shape. The fold relation­
ships are such that the various deformations cannot be related to 
specific periods with any certalr*y. The gentle monoclinal folds 
confined to the rocks of the Second Lower Zone may have formed during 
an early (per-Loskop) period of deformation, while the disharmonic 
folds mainly present in the underlying rocks are probably related to 
the post-Matsap deformations. The distribution of asbestos in 
disharmonic folds, orientations of fibres generally and orientation of 
secondary minnasotalte crystals along microscopic shears suggests a 
relationship to the more intense post-Matsap period of folding.

f. The Rirles Mine (Plate &in)

The mine is situated on toe farm Rirles, about 21 miles north 
west of Kuruman. (fig. 46) The actual limits of fibre development 
in the deposit have as yet not been determined but the asbestos 
appears confined to an eliptically shaped area, about 3,000' long 
and 1,700' wide, with the long axis striking in a direction that 
lies between north and north west. This area appears to be related
to a large terrace fold which is obliquely crossed by a zone of
younger thrust folds. (Plate XIIl) Most of the asbestos in the 
Rirles deposit is encountered in the flatter-lying portion of this^ 
terrace fold which is surrounded by formations that dip at about 8

to the west.
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Figure 47
Typical thrust-fold breccia at the Riries Mine. Intense 
brecciation is visible in the left corner of the photo­
graph. The tension fractures in the comparatively chert- 
rich, stilpnomelane-poor banded ironstone have been 
filled by quartz - carbonate mixtures.
Fourth Lower Zone - 4 E 1 Drive.
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The various or. bodies in the Slrle, Nine are not vertically 
superimposed as is the case in most of the other asbestos deposits 
described. Instead the crocidolite concentrations on the various 
tibre zones are superimposed in such a way that the centre of the 
lower fibre concentration always lies to the west of the centre of 
the overlying asbestos concentration. Therefore, if . ilne connecting 
the cores of these superimposed asbestos ore bodies were drawn, it 
would have a steep dip to the west. It is thought possible that 
concentrations of the various asbestos constituents were originally 
vertically superimposed in an older fold, but that differential 
movement in the banded ironstones during a later period of folding 
■*y have caused relative lateral movement of the ore bodies. Evidence 
of such differential movement between banded ironstone zones, on what 
must have been an extensive scale, is to be found in many slickensides 
developed on either contact of stilpnomelane bands, indicating movemen 
in an east-west direction and also by some small almost flat-lying 
faults, mapped in the footwall rocks of the Third Lower Fibre Zone. 
These structures show displacements of up te 15', also in an oast 
west direction.

Three parallel thrust fold zones, illustrated in the north-facing 
section through the mine, (Plate XIII)cut obliquely across the milder 
folding and a considerable amount of differential movement must have 
taken place during the formation of these structures. These fold sonei 
consist of an 80' wide breccia ted zone, '.id two parallel thrust fold 
sones on its western side. The brecciated zone dips at 22° to the 
w«st. It lies near the eastern limit of economic fibre development 
in the area of the section. Numerous tension cracks, filled by quartz, 
carbonate or mixtures of the two were formed in the folds (Fig. 47) 
and the rocks are extensively brecciated when the zone passes through 
chert-rich layers. The formations are not brecciated in the parallel 
^ ^ • t  fold zones. The latter consist of a series of tight overfolds, 
•hich individually strike ir any direction between 15° east of north
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of the broccLt^ fold A, di.cu..*, _  ^  65 of thl. tho.lo,
this Knowledge can be applied to calculate the direction of the second 
order shear directions as ..plaint by Moody and Hill (l956.p.l2H_i2i2). 
Measurements on the riebeckit. and -innesot.ite "lattices", Fig. 6 and 9 
show that the angle % varies between 16° and 19°, and if thu 22° dip 
of the major thrust fold zone in the Hiries Mine is taken an the angle 
/ , it can be calculated that one of the major second-order shear 
directions should lie at an angle of 78° to the major shear for the 
first value of 2 and 81° for the second value of this angle. Since 
one "leg" oi the minnesotaite and riebeckite "lattices" is orientated 
approximately parallel to the major thrust fold zone while the other 
is orientated at between 78° and 86° to it, it is quite possible that 
these crystals are now orientated in the direction of a first-order 
major shear and main second-order shear.

Another feature of the west-dipping thrust folds of the Riries 
Mine is that many of the crests and troughs of the more open folds 
contain relatively large rmounts of asbestos when compared with the 
adjacent rocks. However in overlying or underlying layers in the 
same fold zones where the beds were even more intensely deformed, 
but not brecciated, such crocidulite seams were recrystallized and 
now consist of layers of minnesotaite, which when followed outside 
this intensely deformed area grade into normal crocidolite layers.

Crocidolite seams within a few feet of small flat lying faults 
on the Third Lower Horizon have also been recryctallived to minneso­
taite. Buhedral pyrite crystals up to ■k" across are often observed 
in such minnesotaite seams. Stilpnomelane layers grade into biotite 
bands when followed to the vicinity of the folds and faults in which 
the minnesotaite seams (pseudomorphs after crocidolite) occur. It 
is also striking that ng, crocidolite and very little mass fibre is 
encountered in the fractured rocks of the Fourth Lower Zone, even 
though in these formations fibre is present on both sides of the 
brecciated fold une. Crocidolite bands may be followed to within 
inches of the brecciated rocks where they pinch out completely. In 
some cases such a crocidolite seam may grade into a thin film of 
disorientated fibrous riebeckite crystals, just prior to pinching 
out.

When followed eastwards from the fold breccia zone, on the No. 4 
level of the mine (Plate XIII), the banded ironstone of the Fourth 
Lower Zone becomes progressively richer in mass fibre end poorer in
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n., precis. d.fl,ltio. of b.nd.d iron fomtlon, or bondm, 

ironstone, varl.. fro. on. to th. oth.r, but th. pr.a.nc. of 
interbedd.a bands compos.d almost entirely of quartz (chert) is 
regardM as p i l l a r  to th.s. fonaatlons. In th. Lake Superior 
district at least 15^ iron must be present in the rock before th. 
ter. iron fonoatlon 1. . p p : ^  (j...., ^  ^

nine samples of the Lower dlquatown Stage banded ironstone ranges 
fro. 24.63 to 34.33$ (Han.kom 1966. p. 154), th.se rocks therefor, 
fall well within the range of Lake Superior iron formations.

Banded iron formations are commonly underlain by dolomites 
and shales and overlain by shales and basic lavas, e.g. in North 
America (James,1954) and Western Australia (Miles,1942). The 
presence of interbedded tuffs in the iron formations of the Labrador 
Trough and the Lake Superior, Western Australien and South African 
banded irr.i .ones was pointed out by La Berge (1966 a and b), while 
Saggerson (l956,p.49-56) described interbedded lavas, tuffs and 
pillow lavas in the Precambnan banded ironstones of the Nyanzian 
System in Kenya.

Since the banded ironstones of the Northern Cape and iron 
formations throughout the world are very similar in their lithology 
and stratigraphic association, it seems possible that all these 
rocks were formed in a similar manner. Cilliers (1961,p.70-97) 
and Genis (1961,p.89-105) recently discussed the origin of the 
Lower Oriquatown Stage rock types and agreed with the previously 
accepted theory that the formations represent original chAmical 
sediments. The writer also agrees with this view, but proposes a 
different origin for some of the materials constituting the banded 
ironstones.
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.....1.1 .blob ... ,0 for, ,h« b.nd«l iron.,on., of a .  U..r Orlquo- 
.... St.g. ... derlvod fro. old,, rock. .. . r.nol, of ...tb.rm, ,nd 
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Bore recent Investigation, of the Lower Grlquetovn Stags, and 
of the Iron fonatlon. occurring In North A..rlc. end V.st.rn lu.tr.ll.,
b, L. Berg. (1966 a and b) and Dr. D.P. Trend.! (1966, per,, com.)
indicate that at least some of the sediments were contributed to the 
depvaitional environment by fumeroles.

1. Haguetic Origin.

The problems involved in explaining the origin of vast amounts 
of iron present in banded ironstones purely by the processes of 
normal weathering caused some geologists to seek alternative 
explanations. It was noticed that many iron formations contained 
contemporaneous volcanic rocks making possible a magma tic origin for 
some or all of the constituents of banded ironstones.

The first geologists to suggest such an origin for iron formations 
were Van Hise and Leith (1911,p.516), who concluded that some of the 
material constituting the Lake Superior formations may have been derived 
from an igneous source. The state I — "the iron salts may have been 
transferred from the igneous rocks to the sedimentary iron formations 
partly by weathering when the igneous rocks were hot or cold, but the 
evidence suggests also that they were transferred partly by direct 
contribution of magmatic waters from the igneous rooks and perhaps 
in small part by direct reaction of see waters upon the hot lavas •
The last conclusion was based on an experiment whereby they obtained 
a precipitate of sodium silicate by reaction of sea water with hot 
basalt.

The ideas of Van Hise and Leith were carried lurther by Peacock 
(1928,p.265-270) when investigating a suite of crocidolite and banded 
ironstone specimens from the Northern Cnpo. Peacock was uncertain 
whether these ideas could be applied to the banded ironstones of the 
Cap. Province. However, the association of abundant contemporaneous 
basic eruptiven with the Lake Superior ironstones led him to formulate
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and alkalis, possibly alec silica, into ... ..«,r. it ... thought 
that ferrous salts would soon oxidise to the ferric state.

The precipitation of the soluble materials was iiperfectly 
understood) but Peacock postulated that an alkaline material possibly 
ammoniacal vapour, could a)so be contributed to the water by fumsmllc 
activity and that this could effectively cause the precipitation of 
silica, ferric hydrate and aluminium hydrate according to their 
availability in the waters. Lime and magnesia woulu initially remain 
in solution, as would the alkaline chlorlf _ the precipitated
material would eventually form a rock havi composition of a
ferruginous chert. Peacock further suggested that if excess sova 
was emitted. this material would react with silica, causing a pre­
cipitate of fervtc hydrate. He supported this theory with the results 
of a laboratory experiment in which the supposed precipitation of ferric 
hydrate by sodium silicate was imitated, and abundant soda obtained 
in the precipitate of ferric hydrate. This would account for the 
presence of soda only in some banded ironstones.

When discussing the origin of iron in the banded ironstones of 
the Transvaal System, Wagner (192b,p.64-65) partly supported the 
theory of Van Hise and Leith. He suggested that they are marine 
deposits and that the silica may have been in colloidal solution 
in the sea. He thought that the iron was directly contributed to 
the ocean by magma tic waters.

In his discussion of the origin of the Lake Superior ironstones 
Jaaes (1954,p.243) could rot see any relationship between the iron 
formations and the volcanoes and thought the association typical of 
a marine geosynclinal assemblage.

Goodwin (1956,p.587-589) also studied the stratigraphy of the 
Gunflint Iron Formation of the Lake Superior Area and stated that 
thin layers and lenses of shaly material, representing altered 
volcanic ash, are to be found there. He observed that wall preserved 
volcanir shards are concentrated along certain bedding planes and 
that tuffaceous shales occur in both the Lower and Upper Ounflint 
formation. He, therefore, was of the opinion that volcanic activity 
was at a maximum during the deposition of these formations and that
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In the light of constant reference by various authors to the

association of banded ironstones with volcanic rocks the findings 
of Strakhov (l962,p.813_81b) ar. interesting. H. . .tudy of
the role of volcanic materials in the formation of sedimentary rocks
in the world generally. Strakhov found that the quantitive import 
-ance of volcanic material in the forming of sedimentary rocks 
changed from very high in early geologic time, falling off gradually 
to be replaced by the evergrowing flood of clastic and dissolved 
materials. For the last 500 million years, volcanic materials have 
constituted not more than 25% - 30# of terrigenous material. Strakhov 
also noticed that volcanic materials are located in fairly restricted 
areas and as quite minor and isolated islands among marine and 
continental sediments. Ash is normally present in the centre of 
such areas. His findings can be applied equally well to the distri 
-bution of banded ironstone formations generally, both in space and 
time of deposition.

Bailey, Irwin and Jones (1964) attributed the large amount of 
layered chert in the Franciscan rocks of California, and the associated 
minor iron and manganese layers, both to emanations and to leaching 
of submarine flows by sea water. A present day example of the 
contribution of iron and silica by magmatic action was given by 
Zelenov (1964) who made a study of the materials present in exhala­
tions ol the submarine Banu Vukhu Volcano in Indonesia. The volcano 
was active from 1835-1919; the most extensive eruption occurred in 
1919, when a lava cone 20-30 meters high was formed. This cone 
consistec of andesite-dacite rocks with an average composition of 
Si0257.46#, TiO 13#,Fe0 3.20#,?^ 1.12#,
KnO 0.18#,Ca0 7.t>2#,Mg0 2.74#,ya20 2.59#,K?0 1.52# and H^O 3.76#.
At the present time, only fumarolic activity occurs in the area.

Zelenov observed a precipitate of Fe and Mn hydroxides in the 
sea water and a brown film covering the rocks of the submarine cone 
was analysed. This was found to contain Fe^O^ FeO = 46#, MnO + MnO^
- 7#, p?05 2.7#, T102 0.25#, Si02 12#, A l ^  4# and H^O 7#. A spectral 
analysis of material suspended in the sea water surrounding the fumarole 
and of the film detected the presence of V, Sr, Mo, Cu, Zn, Ni, Co, Pb,
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Schwelgart (l%5 a, p.273 and 294-296) dlacuee^ the origin of 
th. iron orea of the Pretoria 3erl.e in the Tnmev^l ^  conald.red 
that M 9 i  of the iron and silica had been derived fro. eutmarin. volc^oe.
introduced at a temperature below 300CC. These periodic eruptionc 
are considered to have taken place during precursor phases of the 
Bushveld Igneous Complex. He does not think that land masses in 
the process of denudation were able to produce an adequate supply of 
iron for the formation of extensive marine sedimentary iron ore deposits 
during the Precamnrian, nor is he in favour of the theory that iron 
could have been dissolved halmyrolytically from existing sediments.
In this connexion he points out that there must have been a profusion 
of iron-rich rocks (lavas of the Ventersdorp, Wttwatersrand, Dominion 
Reef and Swaziland systems) undergoing denudation on the lands bordering 
the Transvaal basins. As iron ore formation was restricted to relatively 
short episodes, while the composition of the Pretoria Series sediments 
did not vary over long periods, he regards it as unlikely that enormous 
amounts of iron could have been dissolved from the sediments and re- 
prec oitated in concentrated form -'uring such short periods. Schwelgart 
also found trace amounts of elements like Pb, Cu, Zn, As, Bi, Ti, Cr, Ho,
Li and B which are frequently associated with rocks of igneous origin, 
in the iron ores of the Pretoria Series, which are the stratigraphic 
equivalent of the Lower Griquatown Stage rocks of the Kuruman area.

The presence of numerous shard-like structures in stilpnomelane- 
rich layers occurring in the iron formations of the Lower Griquatown 
Stage in South Africa and the Brockman formation of Western Australia, 
suggested to La Berge (1966 a and b) that volcanic activity took place 
during much of the time while these iron formations were being deposited. 
This view is also held by Dr. A.P. Trendal (1966, pers. comm. ) who 
has studied che banded ironstones of the Dales Gorge Member of the 
Brockman Iron formation in Western Australia in great detail and 
believes that all the constitue: t materials are of volcanic origin, 
having been contributed by fumaroles to a depositional basin more than 

25,000 square miles in extent.

2. Material Derived from Weathering pf 014*?

Until recently most authors thought that all the materials needed 
to form banded ironstones had been supplied to a depositional basin by 
normal processes of weathering. A volcanic origin or util, .omeli
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An oxygen-deficient atmosphere was first mooted by McGregor 
(1927,p.167 and 1951) who suggested that optimum conditions for the 
dissolution, transport and precipitation of iron and silica existed 
during the early Prt Cambrian because the atmosphere consisted mainly 
of carbon dioxide and nitrogen with little free oxygen, and that 
iron could therefore have been transported in the form of ferrous 
bicarbonate.

Rubey (1955) was not in favour of assuming a radical change in 
the atmosphere in recorded geological time; James (1954,p.246) 
also concluded that at the time of deposition of the Precambrian 
iron formations of the Lake Superior area the atmosphere was not 
greatly different from that prevailing today. On the other hand, 
LJobenberg (1955, p.173-174) thought that only an oxygen-deficient 
atmosphere during the deposition of the pre-Transvaal Witwatersrand 
System could explain the presence of unoxidised detrital grains of 
uraninite in the conglomerate reefs of the latter.

An occurrence of unoxidised dlorite, in Finland which apparently 
had been exposed to the Precambrian atmosphere, convinced Rankama (1955 
that the atmosphere was reducing during this period. By contrast, 
Ceijer (1956,p.304-310) examined sedimentary hematite ores in Central 
Sweden and regarded these as evidence of an oxidising atmosphere, 
about 2,000 million years ago. Similar evidence influenced Goodwin 
(1956,p.90); he thought that the presence of hematite in layers, only 
100" above or below algae-bearing horizons in the Gunflint formation 
of the Lake Superior area indicated that they were deposited in an 
atmosphere which was oxygen-rich.

In the Northern Cape. Genis (1961,p.87) observed that dark green 
ferro-sttlpnomelane bands in the lower half of the Banded Ironstone 
Substage changed upwards in the succession to ferristilpnomelane.
This indicated to him that a change from reducing conditions to strongl; 
oxidising conditions had occurred during the deposition of the iron
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Holland (I962,p.466) alao thought that oxygen .as present in 
the at sphere only in trace and ncn.quilibriu. .count, during 
Sarly and Middle Precambrian time.

That a change from reducing to oxidation conditions took place 
in the basin of deposition of the iron ores of the Pretoria Series 
in the Transvaal was also considered by Schweigart (l963lp.63).
More recently Lapp and Goldich (1964,p.1026) express ' the opinion 
that, in general, banded ironstone formation had only taken place 
ir an atmosphere deficient of free oxygen. In a discussion of their 
paper Gross (1965,p.1063-1065) points out that cherty iron formations, 
lithologically similar to Precambrian iron formations of the Lake 
Superior type, also occur in Paleozoic and younger formations when 
an oxygenated atmosphere was believed +o have existed. In his 
opinion it is therefore not necessary to postulat- a low oxygen 
content of the atmosphere in order to bring about large concentrations 
of sedimentary iron or silica. The Mesozoic "minette type" iron 
formation and thin bedded chert formations of recent age are evidence 
of this. Gross also observed that volcanic activity contemporaneous 
with the deposition of banded irv..stones is widespread,

Theories setting out various processes whereby iron and silica 
could be contributed to, and transported by, existing drainage systems 
are listed yilow

After Van Hise and Leith had proposed that banded ironstone 
formation was related to volcanism, Griiner (1922,p.455) calculated 
that rivers: could carry enough iron and silica, derived by ncrmal 
weathering from continents, to the sea to build all known banded 
ironstones. He and Moore and Maynard (1929,p.271-303) conducted 
laboratory experiments on the results of which it was concluded that 
iron and silica are d ssolved during weathering of rocks, then carried 
in colloidal solution while stabilized by minute quantities of organic 

matter.

Woolnough (1941,p.465) thought that banded ironstone formation 
in western Australia had occurred in restricted non-marine basins.
The flat peneplained source areas were supposed to have been covered 
oy laterites and solution of iron and silica in these took place with 
seasonal rainfall and a normal temperatures.

Ceetano and Carrel. (1950.P.759-767). during laboratory experiment.
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Sankama « d  (1950,0.198) float ol.a.lflad ,h. fo™.tlon.
of chemical eediment. aocotdlng to the varying Eh and pH condition, 
during their precipitation, a acre detailed ol.e.lflo.tlon, concerning 
the formation of iron and carbonate min.r.l. under v.rloue Eh and pH 
conditions was provided by Krumbein and Carrels (1952).

In his book dealing with clay minerals, Grim (195),p.342) also 
discussed their break-up during processes of weathering. He states:- 
-That under long continued weathering by processes removing magnesium, 
where such processes evolve in a cold wet climate producing an abundance 
of organic acids and hence a potent, acid-leaching environment, the 
clay minerals will eventually break up and aluminium and iron will be 
carried downwards while silica is concentrated near the surface.
Similar weatnering processes evolving in a wet, hot climate producing 
no organic acids and hence in a neutral 0r evon alkaline environment 
would cause silica to be carried 1 way and i r o n  and aluminium to be 
concentrated near the surface.-

Her (1955,p.14-16) noticed that a decrease in solubility of 
amorphous silica is affected by the presence "f traces of aluminium 
or magnesium. White, Brannock and Muruata (1956,p.33) studied silica 
iai hot spring waters and in a few cold waters. They found that 
amorphous iilica carried in true solution may be present in water 
with pH of between 2 and 9 at ordinary temperatures. Similar wvrk 
by Krauskopf (l956,p,13) indicated th.‘ the soiubility of silica in 
fresh water is very similar to +hat in sea water, but that the rates 
of polymerization and flocculation are increased with increasing 
salinity.

Based on the foregoing experiments, both Cilliers x1961,p.74-78) 
and Genis (1961,p.78-98) thought that the necessary material to build 
the Lower Griquatown Sta m  could have been derived from older rocxs 
by normal weathering p:t eases, either by purely chemical means or 
wit’; the aid of organ! am s. They consider that substantial amounts of 
iron and silica, both in colloidal and in true ionic solution, as well 
as clay colloids, alkalis end alkaline earths, could have oeen carried 
by rivers. The absence of clastic material suggests a source 
very low relief, which because of the shallowness of the deposition.! 

area could not have been far distant.

Genis (1961) propped that during banded ironstone formation,
Iron and silica, talts were transported in sluggish rtrers together 
with clay and organisms of colloidal particle size. Bas 
■uggested breaking-up of clay minerals by Grim (1953). Genis though



that in the source areas calcium and magnesium were removed first, 
and then precipitated in the rocks of the Dolomite Series. Not ail 
calcium, laagnesium and sodium was removed during this period and 
because of continued weathering some would still have been supplied 
to the depositional area during the banded ironstone phase. Cenis 
further suggested that alkaline earths were probably transported during 
the wet season as soluble bicarbonates. The action of algae in river 
and lake waters during the dry season would cause the deposition of 
the alkaline earths and photosynthetic abstraction of CO . The 
solubility and transport of sodium, on the other hand, would have 
been unaffected by seasonal changes of pH, and Cenis also suggested 
that potassium and alumina would tend to remain in the source area.
He thought that in the absence of humic acids, the main pH-controlling 
factor of the Precambrian soil solutions would have been the buffer 
system, CaCO^ - 00^ - H^O. The seasonal variation of soil pH in the 
source area of the Lower Griquatown Stage could, therefore, have been 
from pN6 duri ig the wet season to pH8 during the dry season. At pH 
of less than 4 alumina is readily soluble, but it is practically 
insoluble between pH5 and 9 and this element was, therefore, left 
behind in the source area. In support of this argument Cenis (1961, 
p.93) pointed out that, apart from the stilpnomelane bands, alumina, 
vanadium and titanium are lacking in the banded irons tones of the 
Lower Griquatown Stage.

Toens (1961,p.111-115), when discussing the orign of the Dolomite 
Series in the Northern Cape Province, thought that the processes of 
weathering in the source a.-ea involved solution by humic acids derived 
from decaying organic matter, as well as inorganic chemical processes.

Lepp and Goldich (1964,p.1049) studied Precambrian iron formations 
of the Canadian Shield. They suggest that the materials were derived 
from a source area covered by lateritea (lateritic weathering) bu 
that weathering took place under an atmosphere lacking free oxygen.
They thought that the region of weathering was one of moderate relief 
rather than of low relief, which permitted rapid removal of silica 
and soluble elements from the weathered source rocks. Mechanical 
erosion of lateritic soils does not easily occur becaus* of their 
remarkable porrsity and permeability. The weati ered mantle, therefore 
effectively retained aluminium, titanium, phosphorous and colloidal 
clay. Elements liberated through this lateritic weathering process 
include Fe2, Mn2, Ng, Ca, Na, K and large amounts of Si which 
were transported in true solution, Si as H^SiO^, and the 

mainly as bicarb mates.

3. aigsuspipn.

Peacock's (1928) hypothesis of magmatic origin for the iron and
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silica, was criticized by Cilliera (l96l, p.72-73) who pointed out 
that according to tne former's suggestions an abundance of aluminium 
hydrate should have been precipitated and that alumina is virtually 
absent in the banded ironstones and Jasper of the Lower Griquatown 
formations. Cilliera also stated that one would expect at leaot 
some traces of the intense chemical activity associated with fumarolee 
to be preserved in formations below the Pretoria Series. Both Cilliera 
(l96l) and Genis (l96l) suggested that all the constituents of the 
banded ironstones were contributed to a depositional area by normal 
processes of weathering, not only because they were unaware of any 
evidence pointing to contemporaneous vulcanism, but also because they 
were influenced by the work of Griiner (l922,p.407-46f). GrUner thought 
it unlikely that sufficient material could be ..ted from fumaroles 
within a limited area to form deposits of banded ironstone. Using 
the Biwabik iron formation as an example he calculated that to furnish 
all the iron present in this formation there would be required 630,000 
cubic miles of a solution carrying 100 parts per million of iron and 

300 parts per million of silica.
The prepence of stilpno.el.ne leyere in the Loner Grlque'.o.n end
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' ■*,’tl0"'d 0" -*«• 125 • (1965 p.296) =o„la.r«
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in the Northern Cape.

It seems logical that carbonates and other materials, such as 
deposited during the formation of the underlying Dolomite Series, 
should have continued to have been contributed by normal processes 
of weathering to tne depositional basin of the Lower Cri qua town Stage.
However, the bulk of the iron and silica could have reached this basin
via the then existing fumaroles.

Trendall (1965,p.1065-1069) in a discussion of Lepp and Goldich'a 
paper (1964) has convincingly demonstrated the improbability of 
weathering processes similar to those advocated by Cilliers (l96l), 
Genie (l96l) and Lepp and Goldich,being able to supply all the 
materials in iron formations. Lepp and Goldich, as mentioned earlier, 
considered that differential leaching resulted in a supply of material 
necessary for the formation of iron formations while elements such as 
A1 and Ti were retained in the source area. Trendall (1965) used the 
Brockman Iron formation of Western Australia to illustrate his argu­
ment. This formation, between 2,900 and 2,100 million years old, has 
a thickness of about 2,000' over an area of 25,000 square mi'es. It 
consists of interbedded shale and banded ironstone formations and
contains about 50 lbs of iron per cubic foot. Trendall states :-
"The older Precambrian rocks of the type suggested by Lepp and 
Goldich consist of granites, metasediments and aetavolcanics, for 
which a bulk estimate of about 6 lbs cf iron per cubic foot is 
reasonable, tl.ue ..traction of .11 the iron fro. about 8 vertical 
feet of surrounding country, aeau.lng the eroded are. vas equal 
the area of depo.ltion, eovld have been necee.ary for each vertical 
foot of this iron fomotion. If, on the other hand, th. are. of 
supply .as eight ti.ee th. are. of deposition, all the iron fro.
2,000 vertical feet c a r  200.000 square .11.. eould have been needed 
for th. .hole formation, leaving behind after extraction also of the 
required silica, alumina and other materials, about 600 f.et of
aluminous l.t.rite, if -o.t of the elllo. i» •»•■»«' “  X ™  
removed in solution. Lepp and Ooldlch though, the .sure. ere. to 
have a lo. reive,, ao that thi. maul tan t aluminous .h..t b.co... 
an embarrassment, .hen the iron fom.tlon is considered in it. 
.tr.tlgr.phlc context. Neither above nor b.lo. th. Brockman I.on 
formation ... there rock, any richer in .lu.l«a than the postulated 
older ehaat, and th. shale, lnt.rb.dded althln th. formation are



relatively richer in iron than mafic igneous rocks."

Trendallfe example can equally be applied to the Lower Griqua town 
Stage. Despite its lesser thickness and extent the need to appeal to 
an additional source of iron and silica is obvious. The work of 
Zelenov is therefore regarded as of particular importance. That some 
weathering, such as envisaged by Lepp end Goldich, could have occurred 
durirg the formation of the banded ironstones is suggested by the 
occurrence of aluminium (diaspora shales) and also iron in the clastic 
Gamagara formations which overlie the banded ironstones to the south 
west of Kuruman. (Truter ot al 1958). This suggests that while 
carbonates end some silica was being contributed to the depositions! 
basin of the Lower Griquatown Stage, aluminium and iron stayed behind 
in the source to be removed only after banded ironstone formation had 
been completed. Whether humic processes played any part in weathering 
of the source recks is not known as it has not yet been established 
that even very primitive organisms lived outside oceans, lakes and 

rivers of the Precambrian.

From the foregoing it is considered that some of the constituents 
of the banded ironstones may have been contributed in the fora of 
materials derived from older rocks. Sufficient evidence is howsv.r 
available to indicate that volcanic processes could have played a 
major part in contributing materials to the rock types of the Lower

Griquatown Stage. Band, of sl.U.r . P P " . ™ "  *
layers of the V  .man are. ware observed by the writer in the Thaba-
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1. Introduction.

Ih. « . n g. of f.ct„ to. ,o«k. of P,.„rl.
S.ries 1= to. Tr.„.„..l .„d f„ Cp. P„ vln(;.

Cillters 1-961,0.79) a. Indt.atl^ that tm«ll.t.l, bafor. d.po.ition 
of th. Pratoria S.ri.a, th. to.ard, th. ..at b.oaua.
the aurfcce of the land had bevn gently reieed. Schweigart (l%3, 
p.fev) came tv the same conclusion in hie description of the environ 
-sent in which the Pretoria Seri*, of the Transvaal had been deposited.

The complete absence of clastic Material in the rocks of the 
lower Griquatown Stage indicated to Cillters and Genie (1964,p.56j) 
that the material had been transported over an area of very low relief.

In his description of the stratigraphic succession of the Lower 
Griquatown Stage in the Northern Caps as a whole, Ciliiers (1961,p.79 
~80) states that it is ve'-y consistent within any of the large known 
synclines, but that the succession of rocks found in one syncline 
differs considerably from that found in the next. While the rocks 
appear similar as a whole, they differ greatly in detail. He thought 
that this change of facies between synclines was due to the presence 
of individual smaller basins within the depositions! area. These 
basins received material at the same time under the same conditions, 
but from slightly different sou-ces. The basins were accentuated 
during the later pre-Loskop and post-Matsap periods of folding to 
form the large existing synclines.

In the Kuruman area, which lies entirely within the Dlmoten 
Syncline, the variation in thickness of certain horitons and the 
deposition of granular bands and riebecklte in one area and not in 
an adjoining one is considered evidence tvat at times depositional 
basins existed even smaller than envisaged by Cilliera. The continuity 
of horizons such as the Main Marker Bed and the Potsherd Breccia, 
which can be followed along the eastern rim of the entire Dimeter 
Syncline and well into the Ongeluk-Witwaver Syncline, again suggests 
that at certain times the depositions! basin extended over areas 
greater than the above mentioned synclines. This observation 
confirmed by Genis (1961,p.62) who mentioned that the litholigy of 
the ow.r banded ironstone zone reaeins remarkably constant through­
out the Northern Cape. In the writer's opinion it is quit, possible, 
however, that some of both the larger and smaller basins may have 

influenced the location of later folds.
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2. imposition of the Major constituents of Banded Ironstone.

Although there is general agreement amongst geologists that 
banded iron formations were derived chemically from differentially 
precipitated materials, little unanimity exists between students 
of bandeo ironstones as to the factors which may have influenced the 
final deposition of the constituent materials. This controversy may 
almost be regarded as a problem distinct from that concerned with 
the origin of the materials. The problem of the deposition of the 
iron formations any be subdivided into, firstly, the nature of the 
primary material uotng precipitated and secondly the factors causing 
differential deposition of the materials.

a. nf primary minerals. - Concerning this problem the
question usually raised is are minerals normally present in banded 
ironstones, such as magnetite, stilpnomelane and minnesotaite, of 
primary origin or did they form during diagenesis, or did they 
crystallize during metamorphism of the beds?

The discovery that magnetite commonly occurs in the fresh roc'/s 
of the Gunflint iron formation in the Lake Superior area, indicated 
to Broderick (1920, p. 440- 446) that it was a primary mineral.
GHiner (l922„p.41l) also noticed that both sidsrite and magnetite 
are common in the fresh rocks Of this formation. That magnetite was 

necessarily of metamorphic origin was demonstrated by Spiroff 
(I9,8,p.818_828), "ho experimentally formed magnetite under atmospheric

pressure and normal temperature.

— H i = = r ~

silica 6.1 and ...eni.ll, " " " " " "

-  -  — r  :  r r r r : r«r
•xe.ptlOD of pyrit., Ton ^  ....Inin,

L0"'' “  i "  ,p.228) that « =
these same rocxs, Vermaas ' period of moderate
had formed by reduction from and 263) considered
themal metamorphifm. James ' lte and some magnetite
that in the W k .  ^parlor ^ i w r y  m a ^ i t .

— or
.________  no-imarv iron silicate.



c m .  ,r. ( 96,.,.95 „.4 96) =o„=,„lrt thlt a U  th6
,o ,or. « roc. of «„. Lo.„ St.g„ f„,.M  .
lotion of materials b,»u,h, in ,ra. „ „ lo „ 6 coUtid„  ^
geoaym linal ba.ln, of d.poaltion by .l„M i„h rt„.r,
conaif.arad th.l m^.til. forme, a. . primary lrm
... precipitated in th. fon, of magn.tit., oarbonat. and iron
ai'icate at a pH ..in. of b-t.een 7.0 .ti ,.ia and Hh near aero. On 
... other hand, O.ni. (I961,p.l07> eh.n th, ,rtfln a .
rook, of th. Lower Criquatom Steg. oonolndW that mo.t of th. iron 
aupplied by elnggiti, rl.er. ... pr.oiplt.tmi a. ferric hydroiid. in 
pradomlnantly alkaline orldl.lng enrf.o. ..ter. during th. dr, ....on. 
but ... redissolv.-d and r.precipltated either dir.otl, a. nagn.tit, 
or first as l.pldocrocit. (P.OOH), .1th aub.aquent d.hydration to 
magnetite at the sedimentary interface where the waters were acid 
and reducing.

La Berge (1964ep.1337) uade a detailed study of magnetite in 
Precambrian iron formations of the Lake Superior area. He considered 
that the associated mineralogy, textural relations and distribution 
Of magnetite are distinctly different from those minerals generally 
accepted as primary. La Berge noted that "magnetite typically has 
a wide range in grain size and occurs as complexly intergrown aggregates 
of octahedra that may form a more or less interconnected meshwork within 
a particular layer and has cross-cutting relationships more commonly 
than any of the minerals usually recognized as primary." Because 
siderite is the dominant iron mineral in the unmetamorphosed rocks, 
he thought that magnetite had forwed by metamorphism during oxidation 
of primary oi'erite. In their discussion of the origin of Precambrian 
iron formations of North America^ Lepp and Goldich (1964,p.1026 and 
1049) suggest that the iron was precipitated in the ferrous state and 
that magnetite and hematite were formed for the most part during 
diagenesis.

Schweigart (l965,a,p.289-29l), in the case of the iron ores of 
the Pretoria Series in the Transvaal, thought that iron had been 
deposited as gelatinous iron hydroxide, iron-aluminium silicate, iron 
carbonate and as clactic material. The distribution of magnetite and 
the presence of cross cutting porphyroblaet. in oolite bands, indicated 
to him that the development of this -ineral was related to thermal 
metamorphism caused by the intrusion of numerous diabaee sill

The Tynagh formation of mid-lower Ca-bonlferrou. age in west- 
central Ireland was examined in detail by Schultz (l966,p.?ll-342).
These rocks are at present composed of chert, magnetite, carbonates, 
eti’.pnomelane and minnesotaite, each of which are at times associate 
with algal structures. He considers that the rock has not been 
-objected to contact or recognizable regional metamorphism and that



magnetite, attlpnomelane and mlnne.ot.lt. are probably o.' diagonitie 
origin. In his opinion no pre-exi.ting iron silicates were present 
ana the original sediment consisted of colloidal ferric hydroxide, 
silica and carbonate mud which may have been precipitated by algae.

Recently Shunzo Yui 11966,p.768-776) conducted experiments which 
showed tnat aid.rite could break up into magnetite in the manner as 
suggested by La Berg. (1964). Shunzo Yui established that siderite 
is decomposed to magnetite, with elevation of temperature and at 
lower oxygen fugacities, according to the equation 3?eC0 - Fe 0 
+ )C + 5/2 02 because of the decomposition of carbon dioxide to 
graphite and oxygen. However, the assemblage of magnetite and siderite 
without graphite expressed as 3FeC0^ + jK)2 = F e ^  + 3C0„ is stable 
within a rather narrow temperature interval of 430° - 470°I at a 
carbon dioxide fugacity of 1 atm. He therefore suggested that the 
development of magnetite from siderite in Precambrian iron formations 
needs no addition of oxygen when siderite is decomposed according to 
the former equation, with elevation of temperature, or the latter, 
with decrease in the fugacity of carbon dioxide.

The origin of Precambrian ^ron formations was also recently 
discussed by Covett (1966, p.l20l) who is of the opinion that hematite, 
if present, is the only primary iron mineral in these precipitates.
He suggests that the original materials were deposited as ferric iron 
oxide and silica.. In the essential absence of alumina any organic 
matter buried with the sediments would tend to reduce tne ferric lion. 
Thus with moderate reduction, iron silicate and chert layers develop, 
while complete reduction will give iron silicate and carbonate layers. 
Covett suggests that iron silicates end carbonate only result during 

diagenesis.

The present investigation of the iron formations of the Kuruman 
area indicates that the textural relationships of magnetite and other 
minerals present, (page 16 and 17 ), are very similar to those described 
by La Berge (1964) in the rocks of the Lake Superior area. The fact 
that magnetite in the Lower Criquatown Stage is invariably present in 
euhedral crystals having a wide range in grain size ana usually 
in a finer grained matrix suggests that this mineral is not primary. 
This view is further confirmed by the occasional presence oi cross 
cutting velnl.ts of magnetite (Fig. 3). Furth.more, porphyrobla.t. 
of magnetite which cut thro.gh oolites present in oolitic bands in 
th. J.,p.r Sub.t.g.. .1.1 l»r to those oM.r.eh b, Sch.elgr, (196;.
1965 .) 1, th. Pretoria S.rl.e m  th. Tr.n...«l, el«b ,“ t
thl. p e t i t e  t. rot of primary orl.lh. »• « W ‘ " "  " " " " " "
crystals of th. Pr.torl. Series originated a. a result of thecal
m.tamorphism reined by ...arb, dl.b... .in.- «>• —  " " "
however, the,, is no e.id.no. to suggest that th. distribution -
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these magnetite crystals is any way related to igneous intrusj-^ 
such as dykes and sills. With the exception of small areas associated 
with strong folds and near contacts with igneous intrusions there is 
no evidence that the banded ironstones of the Kuruman area were meta­
morphosed. If the breakup of primary siderite into magnetite occurred 
in the manner proposed by La Berge, some relationship between the 
present distribution of siderite and local metamorphosed areas should 
be apparent. However, in the Kuruman a ret. siderite was found to be 
present in eqial amounts in folded and unfolded rocks. This relation­
ship suggests that if magnetite crystallized from siderite, its form­
ation was not related to recogr.l zabl.i metamorphism.

The unusual occurrence of carbon (graphite) in magnetite-rich 
banded ironstone near the western limit of folding at the Kranzkloof 
Prospect, (described on page 85 ) can perhaps be explained by the 
breakdown of siderite into magnetite and carbon in the manner suggested 
by Shunzo Yui (1966). However, a possible heat source, such ea a 
nearby intrusion, which is thought necessary for the high temperature 
involved in the postulated breakdown of siderite, was not observed 
by the writer. If this intrusion occurs in the rocks situated ever, 
farther to the west, it would not have been detected as there are no 
outcrops in this area. The writer is not aware of another locality 
in the Kuruman area where comparatively carbon-free banded ironstones, 
when laterally followed, pass into graphite-rich material. It is 
considered unlikely, that the "patch" of carbon- or graphite-rich 
banded ironstone at Kranzkloof, which is tens ol feet thick, could 
have originated by deoosition of free carbon, while lithologically 
similar banded ironstone was deposited as carbon-free rock on. j 60 
away. Because, as will be shown on page 156 , there is abundant 
evidence that the Kuruman formations were never subjected to high 
temperatures, except locally, breakdown of siderite as suggested by 
Shunzo fui is not thought to have occurred generally.

The presence of magnetite in "haloes", forming * -im around
the crocidolite deposits at the Asbes and Vhite Hock Nines, as 
described on page 104 and 115 is a puzzling feature. The suggested 
explanation for this phenomena is also dependant on whether magnetite 
is regarded as being of primary or later origin. The magnetite rim 
could have formed as a result of residual enrichment, -hereby later 
removal of m.t.rl.l other then e.l.tln, •»«»•«». (primed) r.eulfh 
In an Iron-rich rock. Slme th. iron-rich ere. adjoin open fold. ™ch

lateral of m.t.rl.l t ™ * .  «»'» """
occurred, th. of t.rg.
and troughs of th. fold. Indict., that migration of tkl. m.t.rl.l 
did la fact tak. plac. Prv.um.hly th. folding oocurr.d b.for. th. 
..diment ... co.pl.t.l, llthlflad- If during this folding iron ...



.till in th. for. of .14.rlt. (L. Borg. 1964) or In th. f.rrlc .t.t., 
(Govett 1966). and .... fi„r. ^  ^

plastic flow, it is conceivable that the iron may also h.ve moved in 

the ..me direction. ^P0..1blyl.a..obll., it eventually fo«ed 
an iron-rich "halo" surrounding the fold and subsequently became a 
magnetite "halo". Th. writer is more inclined to the latter view.
On the other hand soma fibre may have crystallized during the 
folding "tioned above and as magnetite appears to have had a controll­
ing influence on the crystallization of crocidolite (to be discussed 
later), it must have been present during the folding. However, the 
fold - crocidolite relationships indicate that the major movement 
of material by plastic flow in the Lower Griauatown Stage took place 
during the earliest period of folding. It will be shown that while 
there is abundant evidence that crocidolite crystallized during the 
later period of folding, there la no proof that it also crystallized 
during the early fold period.

The textural relationships of magnetite to the other miner.'-i 
in the sediments of the Lower Grlquatown Stage largely confirm the 
observations and deductions of Schweigart (1963), La Berge (1964),
Shunzo Yui (1966), Schultz (1966) and recently Gcvett (1966). It 
therefore appears that magnetite was one of the last minerals to 
crystallize, but that its formation was not generally related to 
metamorphism. It may have originated by breakdown of siderite in 
local areas, but the absence of large quantities of free carbon in 
most rocks indicates that it did not form in this way. The present 
writer was unable to obtain any evidence as to the original composition 
of the primary materials of the banded ironstone, but is inclined to 
believe that magnetite forced during diagenesis, possibly from iron 
in the ferric stace, as suggested by recent authors. The observation, 
by Schultz (1966) concerning the Tynagh iron formation indicate that 
ainneaotaite and stilpnomelane can form under quite cold conditions 
and the writer agrees with his view that these minerals car form 
during diagonals, as also suggested by Govett (I966,p.l20l)

b. The Jeposj tional Environment and f̂ .ctoiB causing Differential 
Precipitation of the Materials.

Bv.n .t present there 1. .till • ««• difference of opinion 
concerning tie d.po.ition.1 en.lron.ent It.elf end f.ctor. Inflnoncln, 
pr.cipit.tion of the ..t.rl.ls th.t ...ntv.lly fon.ee bended iron.tone, 
despite th. considerable volu.e of published literature .vll.ble.
Most recent .uthere .cc.pt th.t pr.oiplt.ticn ... influenced by ch.n...
Of Kh and pH in ..ter, but .re not creed on .h.ther thl. proc... 
occurred in . fresh ..ter or crln. . elronnent. The presence of tuff- 
like layers in banded ironstones was only recently established end 
bose, a further problee, namely the possible influence of sell.. f™«ro ..



in the depositional environment.

The various postulated mechanisms are reviewed in a short summary; 
depending on observations and findings in the Kuruman ares, some are 
applied to account for the formation of the Lower Criquatown Stage.

Sruner (1922,p.421-426) in his discussion of the origin of the 
Biwabik Iron Formation chouf t that colloidal silica and iron were 
in part precipitated by biogenic processes due to algae end bacteria. 
Another possible explanation of banding in iron formations was provided 
by Moore and Maynard (1929,p.518-520). While experimenting on organ!c- 
olly stabilized solutions of iron and silica they found a very marked 
differential settling rate when electrolytes were added in the same 
proportion as present in the sea.

Du Preez (1944,p.520-322), when discussing the origin of the 
banded ironstones at Thabazimbi in the Transvaal, stated that by 
reason of the lithological constitution of these rocks and their 
stratigraphi .al relationships it could be safely assumed that the 
ordinary process of weathering, transportation by rivers and deposition 
in sea water aggregated the iron and silica. Concerning the deposition 
of banded ironstones jf the Transvaal System generally, Du Toit (1945, 
p.197) considered that it had taken place in a quiet sea, where the 
colloidal fraction of the sediments was first converted into sodium 
clays and then leached and hydrolized with production of chert and 
ferric hydrete.

Sak Amo to 0  950,p.464-470) suggested that the cause of banding 
in Preccubrian bended iron ores was due to a periodic change of pH 
in the water. He proposed that cyclic deposition of colloidal silica, 
ferric hydroxide, iron carbonate and iron silicate occurred during 
alternating wet and dry seasons, wh*n the waters were acid and alkaline 
respectively. He thought that depostion probably took place in large 
shallow lakes, pos ’.bly with restricted access to the open sea.

The very important experimental work by Krumbein and Carrels 
(1952,p,16-27) showed that precipitation of chemical sediments of 
marine origin 1, controlled by the hydrogen-iron -entretlon, [*, 
end the oxidation reduction potential, Eli, in the deposit,-nal 
environment. A change in depoeition from one mineral to another will 
Iffit take place unl.e. there 1. a cteMS of Eh or pH in the environment. 
They thet the hnund.rie. he.e.en the field, of etablll., he,....
pyrlte. hem.tit. and elder!,e are ee.en.i.Uy independent of temperature 
preeeur. and co.poelUon of the ..ter. fro. .hich th.y .r. precipitated, 
and quantities precipitated depend 0: the quantity of con.tltu.nt.

Available.
Huber and Carrel. (1953.P.349O-.0 repeated and exp.nded upon the 

.ork of Krumbein and Carrel, in . oerie. of experiment, and reached a 
very similar oonoluaion. Th.y a tats that 'he accumulation of thlu-



layers of Iron-rich rocks requires a trap bo Ween the sourer of iron 
and the depoeitona) aroa if associated elastics are to be removed from 
iron-rich waters.

These results influenced James (1954,p.240-243), who also thought 
that the mineral association of chemical sediments bears a direct 
relationship to the liritations imposed by the pH and Eh of the environ 
-ment. In his studies of Lake Superior formations he postulated that 
depostion occurred in a restricted environment connected with the 
open sea by an off-shore buckle. He considered that the nature of 
the various primary minerals being formed depended upon the depth of 
the water in which precipitation occurred.

Alexandrov (1955,p.459-468) conducted a series of experiments 
with the leaching of iron oxide and silica for various periods of 
time at different temperatures, pH ranges, and in the presence of 
certain elements.in solution. He applied Ihe results of these 
experiments to weathering processes :-

Warm season Cool season
(Temperature above 20°C) (Temperature below 20°C)
Low content of humus in soil. High content of humus in soil.
Leachin? of silica. Leaching of iron oxide.
Laterization of soil. Podzolisation of soil.

Alexandrov, therefore, postulated that during such seasonal weathering 
periods the intermittent introduction of iron and silica into a 
depositional basin would result in tne typical banding of iron 
formations* provided that terrestrial vegetation already existed.

Krauskopf (l956,p.l-26) showed that silica cannot be precipitated 
from sea water because the dissolved silica is not coagulated. In 
d o a L M D t l j  fresh ..ter the .olubiltt, of e l U c  .fee re.ein. r.l.tf.ely 
tneersltive to Cheng., of pH. Kreu.kopf thet 1.0.11, o.er v o i c e  .
centres . . H e .  oherte c e  b. e.rgeelc.lly pre.lprt.ted b ec . c e  U r g e  

quantities of .111=. -Igbt b« contribute to tbs ...-.ter. »hsn 
origin Of banded Ironstone 1, consider- In the light 0 our pr. ...

= = = = "  
ere n.c.ss.r, for ...lu. l.org.nl= precipltetlon.

r . . .  —  -  • -  —  -

e open sea. (■>ac,a\

zzrz u - . .



of 5 and 9 m . t  h.,. t*., ,1.,. ^  b..m

for the mineral assemblage present in the Lower Griqu.town Stage. He 
did not think that euch variation was ,osslbl. In a marine environment 
since sea water has a pH varying between 7.8 and 8.2. Genia (l96l) 
also thought that iron in solution, entering a marine basin, would 
be rapidly chemically precipitated because of the dominantly alkaline 
waters. According to him, the absence of the trace element, chro.iu. 
and boron from the iron formations also suggests a fresh or brackish 
water environment. He suggested that silica was precipitated bio­
chemically throughout the seasons, but that iron was precipitated 
either by seasonal fluctuation of pH in fresh water basins in the 
dry season, or by dominantly alkalire environment in marine basins 
during the wet season. Genie was more inclined to the former view.
He also thought that during the dry season the increasing concentre 
-tion of electrolytes such as Na, Ca, Mg, etc. would have caused 
their floculation and precipitation in conjunction with the iron 
and alkaline earth carbonates. As the dominant iron minerals in 
the fresh rocks are magnetite, ferrous carbonate and silicates, 
while hfamatite oolites are only present in the underlying dolomites, 
Gen is considered that the Kh ut the sedimentary interface in the 
depositional area was always on the reducing side.

Toens (1961,p.111-115) thought that the Dolomite Series of the 
Northern Cape was deposited in a large, rsrsonably shallow inland 
sea. He envisaged warm, shallow and saline conditions and a fairly 
constant pH of about 8. The presence of organic material in the 
beds indicated that conditions were reducing in the depositional 
basin. Algae either precipitated or caused limestone and dolomite 
to accumulate, while chemical precipitation also took place as a 
result of the saturated condition of the waters; as the basin 
became filled, silica and iron became more and more concentrated, 
and finally the increase in concentration together with changing 
environmental conditions resulted in the precipitation of silica 

and iron oxide.

Cullen (1963,p.392) attributes the deposition of the Griquatown 
banded ironstones to the abnormal structural benaviour of part of the 
Precambiian crust which permitted the development of a vast shallow 
geosynclinal basin adjacent to a degraded and intensely weathered 
land mass. Gentle isostatic uplift of the land comper,ating for 
the increasing load of sediment within the basin, .ec to periodic 
influxes into the basin of both chemical and clastic products of 
denudation. While cyclic .alterations of shale and quartxite of 
"flysch" facies accumulated along the northern margin, banded iron­
stones were deposited in the remote southern part of the same basin. 
The banding of the ironstones, which is distinguished from fine 
"seasonal" laminations, is attributed to differential influx of



.at.rl.1.. controll.d by th. rmcurr.nt l.o.tmtlc re^ju.tn.nt..

Recently Dr. A.F. Trend*!! (l966,Pera cvmun.) suggested that 
the Dale. Gorge Member of th. Brocken Iron fomatlon In We.t.m 
Australia was largely formed from materials contributed to a closed 
oasin as a result of volcanic action. He also thought it possible 
that the entire surface of this basin was covered by a floating 
algal mat. From his examinations of the banding in the rocks he 
concluded that thicker bands can be correlated with great accuracy 
over the entire area of at least 25,000 square miles and that the 
fine laminations probably also have a regional extent. He is of 
the opinion that the fine laminations, or micro-banding, in these 
rocks actually represent annual verves which res Ited because the 
precipitation of materials in the depositional basin was controlled 
by the overlying algal mat in a manner as yet imperfectly understood. 
This floating mat would have restricted the movement of waters in 
the depositional area, explaining why even the finest layers were 
not disturbed by current action.

Lately Govett (1966,p.1194-1206) also discussed the dupcaitional 
environments and origin of PreCambrian iron formations in great 
detail. He showed that on chemical grounds, under present-d.^y 
conditiu..a, iron cannot become concentrated to any degree in u 
marine environment and that the possiblility for direct precipitation 
of iron minerals in significant qvantities from the sea water .re­
fers seems remote. He is of *he opinion that Precambrian iron 
formations originated in a lacustrine (restricted basin) environment 
and points out that all except the shallowest lakes, that are agitated 
by wind, develop a density stratification (thermal stratification) 
for at least part of the year. Warm surface water (epilianion) 
will overlie cooler deeper water (the hypolimnion) in spring and 
summer. This condition persists through the summer; but in autumn 
heat is lost and complete circulation is possible. Wiis pei iod is 
referred to as the overturn. Govett states that the chemical signifi 
-cance of this phenomena is that while the epilimnlon is more or 
less in equilibrium with the atmosphere, the hypolimnion is not.
Instead the bottom of the lake if usually deficient in oxygen. While 
iron is practically insoluble in ionic form at pH and Eh values 
prevailing in the epilimnion of most lakes, large quantities of 
ferrous iron may be present in the hypolimnUn. Govett also mentions 
that silica in lake waters is present as undiueociated silicic acid.
Th. C0hC.htr.tion 1= COh„id.r.bl, b.lo. .qhlllbrlu. ..i.bilit,, .Hhobrf. 
net t. th. .... .. in the ocm.. Th. .ill.. oo»t.». «f
waters 1. higher in tropicl r.gioh.-th.h in t..p.r.t. region, .nd 
increaaee in th. h,poll«.i=n during ,Ugh.tidh. Th. ....ntl.l 
prerequisite for r,.h.ic pr.clpit.HOn 1. therefor, th.t there sh.il
be ., ,...t on. period during th. ,«r -he. » .  " « • "  ' *t" tlfled



and an oxygen deficiency can occur in the hypolimnion, and at least 
one period during the year when circulation is possible and oxidising 
conditions can develop in the deeper water. Sovett also points out 
that a characteristic feature of banded iron formations is their low 
alumina content when compared with oolitic deposits of any age.
However he is aware of one recorded instance of the occurrence of 
chamosite in pre - late Precambrian rocks, this is in the oolitic 
iron formation of the Transvaal System in the Transvaal. Govett 
suggests that alumina stayed in the source area during PreCambrian 
tlces *nd remarks that the characteristic development of granules and 
oolites in iron formations and the high alumina content of post 
Precambrian oolitic iron ores appears to be coeval with the probable 
development of biotic processes. Organic life appears to have had 
an important influence on weathering and diagenetic processes. Govett 
(1966,p.120l) therefore postulates, assuming as a hypothesis, that 
deposition occurred in a lacustrine, warm monomictic environment, that:

a) If the Lacustrine environment nad insufficient reducing 
capacity in the precipitated sediments to maintain iron in
the '"arrous s-ate and in the essential absence of aluminum;
layering could have occurred as follows :-
Winter ... Preci- tation of F e ^  and SiOg, but taken into eolation 

the jlloving summer.
Autumn ... Precipitation of Fe^O^
Summer ... Precipitation of SiO?

b) If there was sufficient organic material to maintain the 
precipitated sediments in a reduced state and again in the 
essential absence of aluminum. The same basic sequence of 
deposition occurred, but because organic matter was buried 
with the sediments, ferric iron was reduced and iron silicate 
and chert layers developed, while with complete reduction iron 
silicate and carbonate layers would have been formed.

This .ould result In be..tit. .nd ch.rt being dcpo.lfd In .lt.rn.tln, 
l.yers. Crbon.t.e .nd f.rrou, .lUc.t.e could only 0. lof.d .tt.r 
the material, h.d t..n buried. Sovett did not de.crlb. the dl.g.n.tlc 

process by which he thought magne ite was torm

Toena (1961) pointed out that the sudden change in co.p.sltlon 
Of the roc,, of the bolo.lt. Seri... when co.pared with tho.e of the 
overlying banded Iron.,on... indicate, a .arbed Chang. In .nvlro^ten.

= = = = = =



M „d*i ironaton# and th. dl.trlbu,l0„ .nd Uk.d, ovld.n .f c.rv bracoU. 
(p.38) in th. Lo.or Orl,u. „ „  St.,. Indict, that th... ....
laid doan In *.lld, a.tar and that th. Hantaan .... ... tl„., b„ k„
up into small separate basins.

the works of Sskamoto (1950), Krumbein and Garrela (1952) and 
also Huber (1958) it is quite clear that rapid variations in Bh and pH 
must have taken place in the waters of the depositions! basin to account 
for the thin layers of different composition in the formations of the 
Lower Gri qua town Stage. Gonis (l96l) pointed out that the pH in this 
depoeitional environment must have fluctuated from at least 5 to 9 
and that the materials were therefore probably laid down in a closed 
basin. The recent confirmation of these views by Govett (1966), who 
showed that deposition in a marine environment was unlikely to have 
occurred and who favours seasonal cyclic deposition in lake waters, 
also contradicts the opinions of Jamec (1954) and Cilliere (l96l) 
who thought that precipitation occurred in geosynclinal brains connected 
to the open sea. Cullen's theory (l%3) that banded ironstones were 
formed in the remote southern part of a geoayncllnal bas.n in which 
the entire Transvaal System was deposited appears to be far fetched. 
Banded ironstones are not confined to the southern part of ‘.his basin, 
and neither in the Transvaal or in the Cape is there evidence of any 
orogeny such as normally associated with geoaynclines. As already 
pointed out by Schweigart (1965a, p.25), the sedimentary basins of 
the Transvaal System rather represent areas of subsidence in a eraton!c 
environment.

The writer therefore accepts the view that some of the materials 
were precipitated as a direct result of seasonal climatic variations.
It has, however, already been pointed out that hundreds of tuff-like 
stilpnomelane bands with shards in the Banded Ironstone Substage of
the Kuruman area indicate that fumaroles were probably pre ent. Many 
of these must have been located within basins of deposition. An active 
sub-aqueous fumarol. or even hot spring should have a profound effect 
on the chemistry of the surrounding waters, which in turn must influence 
th. deposition of any materials being chemically or biochemically 

precipitated at the time.

Th. arit.r confcld.re it utiik.1/ that a «->•«>"« *1«*1 
Influenced precipitation of th. ..t.ri.l., •« po.tul.t.d », »r. Trend, 
for th. Brock... iron fomatlo". ailafd »  -he d.poel.ton.l h.aln of 
the leer Crlqu.to.n St,.,,. Bvld.no. of a. lea*, a™. »rren. action.

....
,0 that extent. It 1. furthenxor. difficult to ... ho. an al.a -a 
could have exi.t.d ulthout interruption durln, the led P-lod 
th. baain ... dieturhed b, lard. . . . fu«r.Uo ectl.l.jr.
Influence of primitive orRanieae on the ah and pH 1 ,



th. d.position.1 area could however have been considerable. McGregor 
(1927,,.167) thought is possible that algae with chlorophyl we^ 
already evolved in middle Precambri.n times ana that oxygen produced 
by them effected the precipitation of ferric oxide from ferrous salts 
in solution.

Evidence of life in the fir Tree Series, more than 3,200 million 
years ago, was recently found by Pflug (1966), and primitive organisms 
could therefore htv# been plentiful during the period of deposition 
of the Lower Griqua town Stage about 1950 million years ago (Hicolaysen 
*t &1« 1958). The presence of numerous algal structures in outcrops 
of the Dolomite Series in the Northern Cape, some of which have been 
described by Young and Mendelsohn (1948) and Toens (l96l), confirms 
this view. Additional evidence in this direction was provided by 
Gen is (l96l) who found rod-like carbon particles in stilpnooelane 
bands of the Banded Ironstone Substage, and by Harrington and Ciiliere 
(1963,P*411-417) who described nine amino acids which they found in 
unweathered crocidolite from the Northern Cape. The latter authors 
suggested that these acids were derived from primitive organisms 
which may have played an important part in the precipitation of the 
surrounding materials.

Subsequently Dr. H. Pflug of the Geological and 1 xleontc oglcal 
Institute at Giessen in Germany (pera. comm. 1965) isolated several 
microfossils from specimens suomitted by the writer,of thin chert 
bands derived from borehole cores of the Fourth Lower Fibre i..ue in 
the Mt. Vera Mine, north of Kuruman. (page 115 ) He thereby provided 
undeniable proof that primitive life actually existed in the depositional 
basins of the Lower Griquatown Stage. The ease with which such organic 
remains are today found in these rocks suggests that these primitive 
organisms must at times have been very plentiful.

Lepp and Goldich (l964,p.l026 and 1049) also found that graphitic 
material of biogenic origin is closely associated with the Precambrian 
iron formations of North America. They state s- "although it is 
uncertain whether iron was precipitated through biologic processes, 
the removal of CO, and the liberation of oxygen to the sea water 
through photo.ynthesis of prl.iti.. pl*nts. undoubt.il, influ.nc.d 

the energy relationship among the iron miners

Professor g. E.rghoom of H.rverd t,hi..r.lt, (i**. —  . ooM .) 

euggest.d . pos.lbl. ..oh.nl. -h.r.b, th, pr.oiplt.tioh 
be influenced b, becterie. He noticed e W  of b*ot'r
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