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(e.) Cracks and Joiris filled with Cross-Fibre

Figures 35 and 36 indicate crac: ' and joints filled with
fitre, crossing the complete succession, In Figure 35, a fi b:mss'

is shown to diverge from a normal fi. ¢ band to one cros;i: tch i bam.l
at a high angle. Figure 37 indicates a jeint filled withgfib: i
siderite and graphitic material cutting a narmal fibre band at r:;ht

anglcs.

The examples mentioncd above clearly indicate that amphibolec
asbestos developed over more than one period and probably over a
considerable interval of time. As the plots in Fig., 23a shov, these
joints filled with asbestos are ncarly vertical and trend in a
direction 250°. 1f is further noticeable that the poles of these
joints fall on the great circle defined by the poles of the bedding
planes (compare with the Figures on Map 5)s They are, therefore
parallel to the fold axes of the east-west folds and can thus be

defined as a - b tensional joints.

The fibtre in the joints and tension cracks does not extend

over very long distances. In fact, it seldom extends mare than two

succession on either gide of a fibre horizon. In
has only been observed

metres across the

the area under discussion, this type of vein { ure

in and near the Tet and 120 Fibtre Hori zons, which have been responsible

iar most of the long amosite production in the areca.

The cross-cutting bands seldom exceed one centimetre in widthe
to three centimetres can be measured in
erved that the fitres grow or develop

Thie must indicate migration and

Exceptionally, fibre lengths up
these joints. It is further obs

at right angles to the joint planess

injection of the material producing fibre. The opening of these

tension eracks would suggest fibre growth in a tensional direction.

(6.) Bent and Curved Fitwe Bands

a5

e a bent or curved nature (Fige 38).

Quite often ¢ibre bands hé
gt-fibre shearing and folding

These effects are entirely duc to po
sociated with shearing or

(Fig. 39). Curved fibres are usually f

in the rock where the f
e of the movement (refer to

ound as
vith minute faults ibre is curved and bent in
a fashion dependent on the amount and siz

Figurcs 40 and 41). &1/
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F. THE NALURE AND SEHAVIOUR OF ASBESTOS DEPOSITS

ey

As previously indicated, asbestos hori:™s occur in certain
vell defined stratigrap/deal units in the banded ironstone succession.
Beconorir. yosits of =
conorir. deposits of fibre, however, do not extend in an even and regular =

fashicn, over lony distances along strike or dip, but rather have the

e

tencerncy to pinch and swell, In fact, the development of asbestos

vithin these horizons in the Pietersburg Ashestos Ficld, is only found

in certain localised areas.

"he areas where asbestos horizons show a strong development of
fitre l.ve been demarcated on Map 1+  The "areas" indicated have
cither been exploited, or are in the process thereof, and have been
reeponsibly for the bulk of the asbestos production in the Pictersburg
arca. These economic occurrences of fibre, though variable in cize

ne pavability, have certain icentifiable geological controls and
pal Y

charac:eristics.

[t is noticeable that thesa nareas" ar > spaced in a regular
y two sets of lines which appear
orth-south fold trends of
al map cleerly indicates

"bhead-1ike" Pashion, along roughl
to corform with the major east-west and n
the area. For instance, the reg. onal geologic
pylkop and the Holkloof-Kranskloof

‘hat {he Montana-BReatrice-Egnep-
o the east-

e gpaced at regular intervals parallel t
It is the writer's opinion that large scale,
e of the regular interval between

amosi e deposits ar
weet '0ld trend.
requl ar folding has been the caus

the "areaz".,

on of these large #:reas” of known potential,

On closer inspecti
o can b. observed (Map 3)e

a sinilar pattern on a gmaller scal

'I
Indiidual deposits of fitve within thes: large “areas
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are again separated from one another by apparent barren stretches of
ironstone. These depcsits of fibre are found in the form of lenti Sy b
bodies, situated in the crests and troughs of elongated dome and b;sin-
like anticlinal and syncli-al fold structures. The elongated fold

structures appear to be the result of cross-folding, as previously
desc~ibed.

The size of each of these deposits can directly be related to
the size of the fold in which it occurs. (Map 3). As the geological
and structural map of Bewaarskloof indicates, the largest amosite
deposit in the area is situated in a syncline (Tet Syncline) with an
east-west trend (see Maps 2 and 3). This is also the largest
structure in Bewaarkloof, A quite remarkable feature is that
individual deposits are parallel to onc another and to the east-west

fold trend.

It is therefoere concluded that asbestos development is intimately
related to structure both on a regional and minor scale, and it would
appear that in the Pietersburg field asbestos deposits are located only
vhere folds cross at high angles to form dome and basinlike st actures.

G, GENESIS OF AMOSITE AMD CROCIDOLITE

——————— S . o S 5 S o S o S S S

Any theory of genesis of amoeite and crocidolite must be

compatible and account for the following observatioens i-

1e) The invariable association of amphibole asbestos
and banded ironstone.

2.) The interbedded and occasional cross-cutting nature

of the fibre seams, as wvell as joints and tension fractures

filled with asbestos.

3.) The regular and persistent nature »f the individual

¢ the banded ircnstone as comp
and di stribution of the

ared with the di S

members ©
fibre horizons

continous behaviour

and individual fibre geams.
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4.) The fact that the fibres are somatimes normal to th
o 8

bedding planes and other instances oblique

5, ) The irregular nature of waste partings in the fibre
bands and the presence of gentle curves and the "cone"
effects di splayed by the fibre.

6.)  Some fidrous amphiboles do not have the other physical
characteristics of albestos.

7e The close association of magnetite with crocidolite
fitre on the #ne hand and the general absence of magnetite

in the ~haly formations bearing amosite fibre on the other hande

8.)  The persistent orientation of cross fibre and the fact
that the fibre appears to be orientated parallel to the minimum
a-stress direction of the east-west folds, which according

to Schwellnus et 3}.(1962) is of Post Waterberg age.

9.) The occurrence of "pay=shoots" within deposits and
also the fact that asbestos deposits invariably have a

jenticular nature, with a common orientation of the lenses.

10.) The regular interval between economic areas on a

reginnal scalc.

From the above it is obvious that the problem is quite a

complex one, invelving not only +he chemi stry of the rocks and the

crystallography of asbestos, but also the geology and structure of th

area. Numerbus attempts have been made by various authors to offer

origin of crose-fitre amphibole, none

a suitable explanation for the
From a study of the

of which has ever met with general acceptance.

work and theories of thc more recent investigators of amosite and

n schools of thought appear to have
¢ burial and compaction of the
sulting in

crocidolite asbestos, two mai

developed, The one school advocate
g of ironstone formation re

the other school of thought
development of

ironstone during the early stage
a sort of thermal and load met amorphi sm;
postulates a dynamic and structural control for the

cross. fibre amosite and crocidolitc
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1e Thermal and Load Metamorphi sm

This theory has been advocated by various authors, notably
Peacock (1928), Hall (193C° nd Cilliers and Genis (1963).

Peacock (1928) arrivas at the follewing conclusions -
"Crocidolisation is thus conceived as a mild, static, non-additive
metamorphic process, resulting in the chemical union, along soda-
rich hedding planes of the necessary constituents in situ. The
process is described as a "sweating action" racilitated by
interstitial rock moisture, and a moderate rise of temperatue

and pressure such as would result from simple burial of the
ironstone to moderate depths".

Hall (1930) remarked as follows i-

"Doubtless the above conception of load metamorphi sm contains
some speculative element, tut it represents, in tha writer's
opinion, the nearest approach to an intelligent working
hypothesis that secems possible in the present state of our

knowledge".
Cilliers and Genis (1964) came to the conclusioni-

"That crocidolite was formed by the transformation of proto-
riebeckite during the lithification of the banded ironstone,
and that the fibrous nature of the crocidolite resulted from
the orientating effect of layers of magnetite".

The main, and serious, objection to this theory of thermal
and load metamorphism is the fact that it fails to explain the
following features in the Pietersburg fields

(a.) Lens-like deposits of fibre separated by barren
stretches of ground and the common trend of the lenses

parallel to the younger folds.

75/seseos
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(bs)  The close association with folding. For instance,
the size of a deposit is directly related to the size of the
fold in which it eccurs.

(ce) The common orientation of fitre and the fact that it
appears to be parallel to the direction of maximum stress

release of the younger folds,
(de) Cone in cone structures,

In the Pietersburg field the banded iron formation is composed
of bands of varied thickness and composition, with the individual
bands retaining uniform features over very large areas. It is
possible to cerrclate individual bands for miles along strike, with
no detectable di fference at all. Obviously, the parent material
from which asbestos was developed must have behaved in a very similar

fashion,

Bearing the abovementioned in mind, it is impossible to account
for the formation of asbestos as the result of load metamorphi sm.
If this were the case, asbestos deposits would surely have shown a
very widespread development. P bre bands would not have shown
sharp "cut-of/" effects or been localised in lenticular bodies in

anticlines or synclines.

Load metamorphi sm cannot account for the fact that these

ar bodies are parallel to the younger folds of the area.
lated by Cilliers and Genis (1963), these lenscs
mping and the wavy bands were fermed by a
as further postulated,

lernticul

If, as postu
of Pitre were formed by slu
continued downward pressure during compaction,
andom orientation of both features in

then one would expect a r
The writer is, therefore,

questione. This is, however, not the case.

at "load metamorphism® does not appear to be thcl

forced to coneclude th
Pictersburg Field.

cause of asbestos formation in the

i S,
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24 Thermal Dvnamic Theory

———
- {1 - -

The main supporters of this theory are Vermaas (1952) Du Toit
(1945), Gevers (unpublished report, 1945) and Fockema (1967).

Vermaas (1952) considers & ".useesseessthat a process of thermal
metamorphi em has formed grunerite and riebeckite (the lamellar
amphibolcs) and a subsequent process of shearing caused the actual
fitre arowth from both or one side of a seam upwards",

Du Toit (1945) postulated his theory as follows t-
nAsbestos was generated in several phases under crustal deformation
of Post-Matsap/Post-Waterberg age'.

Pockema (1967) concluded: "that crystallization of erocidolite
was initiated during periods of deformation and only took place in
those areas that were in a tensional state or where the proto-asbestos

was subjected to shaaring stresses”.

The writer of this paper lends his full support to the above

statement s,

These investigators are nevertheless in agreement that the
morphological display of amosite and crocidolite differs completely
from hydrothermal injected cross-fitre veins. On this aspect, the
writer is in fall support of the general conclusions arrived at by
Hall (1930), Peacock (1928) and others, that these minerals represent
the recrystallisation in situ of Na and Mg rich layers and bands of
material originally preeent in the ironstone formation. The
{nvariable asseciation of these minerals with the danded ironstone,
as well as the occwrrence of asbestos in ¢.ortain well defined
strati graphical units only, are the main points in favour uf this

postulation. Purthermore, the overall marpholegical display of the

of crystnllisatiom in situ, with no

fibre is strongly suggestive
large scale introduction and transportation of material, except in the

Regarding the Na and Mg rich layering,
vtriplets” of Bewaarkloof,

case of cross-cutting veins.

it will suffice tO mention the ndoublets! and
which clearly indicate an original Na and Mg rich layering.

d prior to 1960, it was generally accepted

In all the work publi she
erived from mass-fibre

that cross-fibre amosite nd erocidolite werc d

grunerite and ricbeckite, and that these mass-fibre

1 esasss
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bands represent some intermediate stage between the original parent '
material and the final cross-fibre secams. There is not one known
example in the Northern Cape and Northern Transvaal in which an

intermediate stage could be found between mass-fibre and cross-fibre ’
or, for that matter, could a cross-fibre seam be found to pass into |
an unorientated mass-fibre seam, Regarding their genesis, the ?
writer is forced to conclude that there is no common link betwecn -

these two amphibole minerals, except for normal metamorphi sm.

Cilliers (1964) recaches the following «  clusion @

"The most serious objection is that they (previc wthors) fail to
axplain how layers of mass-fibre riebeckite cam. o be prescrved 3

between and even adj.cent to layers of crocidolite".

Apart from the above statements, Peacock (1928). Hall (1930),
Miles (1942) and Du Toit (i1945) further considered that the growth
of amcsite and crocidolite began on a divisional plane between suitable
and unsuitable strata and was propagated through the former until an
The writer is in full

unsui table layer or band was encountered.
Cilliers

support of the general conclusion drawn on this aspect.
and Genis (1964) are, however, of the opinion that this process took

place only when the divi sional plane was occupied by a layer of

magnetite,

Cilliers (1961) expressed the opinion 8 "The writer has, there-

fore, come to the conclusion

as the result of the growth from
les perpendicular to an initiating surface of

that crocidolite asbestos was formed
a colloidal solution of extremely
fine riecbeckite need

already crystallised magnetite. Where growth was obstructed in the

directicn away from the magnetite, the growing cry.tals made room for
by pushing back the magnetite layer into a
where magnetite was absent, there was

ion of the ricbeckite crystals forming

themselves, wherc possible,
more plastic adjacent layer.

no control over the oricntat
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in the parent material, which crystallised finally into layers

consisting of a homogeneous mass of non-orientated, interlocking
riebeckite laths and ncedles".

Cilliers and Genis" theory centres on the presence or absence e
of a magnetite adjacent to the parent rock to form cross fibre or
mass-fibre riebeckite. Vhere it is present, cross-fibre developed
during the lithification of the irons*cre; where absent mass-fibre
developed,

There are serious objections to this view, For instance,
most amosite fibre seams do not contain associated layers or bands
of magnetitec. Amosite is mostly found in the soft "amosite!
slates, which are entirely non-magnetic, This theory further fails
to give an explanation for the fractures and joints filled with cross-
fitre when cutting across chert, shale and magnetite bands. One would
also expect that were these magnetite bands the controlling factor
for the development of cross-fidre, the fibre would be orientated

at right angles to the banding. This, howe w1, is not the case.

Magnetite can cccur either as perfectly crystalli sed octahedrong
as sheets or plates or as irregular bands. Under the microscope

these sheets and bands consist of highly irregular aggregates of

variable size and intercomnccted one with the other. Octahedrons of

magnetite quite often are found within a fibre seam (Voorspoed

Shorts Horizon); they show a very clear cross-cutting relationship

with fibre. The fibree have been cut and pushed apart during th'g

growth and development of these cubes of magnetite. This, to the

writer, indicates rest liquid entrapped during fitre growth with the

ntusl eryatalliaation of cuhedral crystals of magnaetite.
of impurities, pushed ahead of the

eve

Furthermore, sheets and layers

growing fitre crystals, crystallised out as a residue of magnetite

This might aleo account for the fact that, since
ation than crocidolite,

and hacmatitce

amosite required more iron for its form

most of the iron present was used up in the formation of amosite.

The crocidolite, not needing all the iron, expelled it as a rest
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product which crystallised out as irregular bands of magnetite
at the contacts of the fitre.

The hypothesis favoured is that the amosite and crocidolite
developed from the transformation of certain stratigraphical units
or layers (in the banded ironstone formation) of pure or almost
pure parent material into cross-fibre amphibole and that no new
material was metasomatically introduced or that any large scale
migration of the parent material took place. Whether amosite
or crocidolite o~ both formed, depended on the exact composition
of the original parent materiale. The sodium rich protoamphibole
gave rise to crocidolite, whereas the magnesium ri-' sroto-
amphi bole gave rise to amosite. These units or la,. s were,
however, transformed into asbestos in certain localised aveas
only, with large epparent barren stretches of ground .n between.
The barren stretches show no detectable mineralogical difference

from the rocks in which the asbestos developed.

It is further postulated that fibre developed only
in the arcas where synclines and anticlines of two different
sets of folding crossed to produce a "double gystem" of folding.
In other words, the units or beds e table to form asbestos,
were only converted into asbestos in the basins and domes produced

by the cross-folding. The size of the structurally suitable

areas, ranging o fe centimetves to hundreds of metres in diameter, are

entirely dependent on the size, shape and intensity of the

interfering folds. Within these structurally sui table areas,

all layers chemically suited were transformed into asbestos

as a result of the stress associated with the foldse.

80/vveres
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D.pending on vhether the asbestos developud in a

synclinal basin or aniiclinal dome, the bottom fibre

horizons would either be developed over a smaller or larger area
than the upper fibre horizons, thus resulting in superimposed
development of fibre. Iurthermore, it would appear that the
growth of asbestos was initiated during the final stages of the
cwlier nerth-south trending fold system and the initial stages
of the later east-west trending fold system when maximum inter-
{ference took place. The procesa ceased after these later folds
reached a peak period of development.

The nature and character oi the divisional plane played no
Jominant role in orientat. g the growing fibre. This is clearly
the result of the later east-west fclde(Post-Waterberg) and thus
resulted in the fibres growing parallel to the axial plane.During

tis period of fibre growth, the excess and residual materiale
were contimally pushed ahead(in waves) of the growing crystals,
producing as a final result, screens of magnetite, quartz and
piderite. The entrapped rest products crysvallised out as massive
aagnetic material, euhedralmagnetite crystals and quartz.
Cepeation of the [ibre growth only took place when the stress
responsible for the growth became "excessive" or died out
vemulting in a partially crystallised layer of ashestos, with
irregular and jagged "ends". Vhere the process wase completed,
normal and regular seams of asbestos developed.

It would appear that during the period of maximum intensity
of the east-weat trending folds (when little asbestos developed
due mainly to the excesaive strees), bedding plane elip,fracture

planes, shear and tenaion joints acted and interfercd wiith the

sroge~fibre seams of asbestos. The asbestos seams were gheared,

cut, fractured and fanlted. During thie stage original ».oront
material eeuld have mobilizod into 2 solutisn that was squoezed

into the tension fracluree and jointa, where it erystallised out

a8 cross=-fibre amphibole asbestos veins.
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The re-crystallisation of parcnt material and in scme instances,
already developed cross-fibre, took place during the final and end
stages of this east west period of deformation, when conditions once
more .ppear to have become structurally suited to esbestoe formation.
It is also during thesc end stages of this deformation that because
of a slight change in the stress-field and subsequent folding on a
very much smaller scale, en echelon folds werec produced. It is quite
possible that a subsequent period of fibre de¢velopment on a very
minor scale took place at this time, as is borne out by minor
developments of fibre arranged in an en echelon fashion.

Imme

The ideas expressed in this section are the result not only of i
field investigation, examination and measurcment of specimens in the
Bewcarkloof aren, but also a gindy of other areas in the Northern
Cape and in the North Eastern [ransvaal. This, as well as a study of
the work of previous investigators, all contribute to the gen~ral
conclusion that certain units ( parent material) within the ironstone
guccession become unstable and transformed into asbestos as the
result of stress developed and associated with cross folding of Po-t-

Woterberg/Po st=M:tgap age.

H., ACKNOWLEDGTHENTS
Thie investigation was made possible by Cape Asbestos South Africa

(Pty)Ltd., who contribtuted substantially towards the cost of the under-

taking. In this respect thanke are a’ due to Prof. /.J. van Biljon

and Dr. J.J. le R. Cilliers, who were initially concerned ind instigated
this study.
To my wife, my sincere thanks for her assistance and constant en-

couragament.

To Mr. K.H. Taylor(Consulting Geologist for Cape Asbestos South Africa

(Pty) Ltd.), Mr. 5. Potgieter (tritutor to lignep (Pty) Ltd.) and Mr.
1.T. White (Surveyor at Penge Mine), who gave very useful advice and
assistance, the author would like to express his gincerest gratitude.

A spe:ial note of thanks to Prof. W.J. van Biljon and Dr. Cs

Roering under whose guidance the work was done.

82/e0e

B e r—



82.

LIST OF FIGURES

Fig. 1
EJE:_?_.
Fig. 3

Fig. 4

.
-

Fig. 5
Fig. 6
Fig. 1

Fig.16
Fig.17

Fig:10

Fig.19

Fig.20

Photo shows the main east-west valley of Bewaarkloof(facing east).
Geologicael Formations

Schematic cross-section of the Bewaarkloof area.

Photo of two cores showing the fine correlation possible in the
banded ironstone.

Marker shale. Note the conspicucus interbudded chert bands.
Bewaarkloof Stratigraphic Column.

Stratigraphic Column of the Banded Ironstone Succession in the
Malipsdrift Area.

Schematic presentation of the transition zone in the main amosite
and crocidolite fibre zone.

Photo shows a 2" thick "mass-fibre" band of grunerite. Note
radiating nature of fibrous material.

Scattered fine grunerite needles in a dark cone shaped material
within an amosite band. Note needles show a cross—-cutting
relationship with the amosite fibre.

Bastern and Western Synoptic Pye beddiag plane plots.
Section A~B, Malipedrif’

A north-south section showing the behaviour of the Dolomite
Series in the Beatrice Valley.

Bastern and Western Pye indicating north-south trending
creations.

Bastern and Western Pye synoptic diagram of the east-west
lineations.

Synoptic diagram of Axial Planes for entire area.

Example of micro-folds crossing at high angles, The two sets
of lineations correspond intimately with the directions of
the major east-~west and north-south folds.

Cleavage folding in the banded ironstone. Note distance
between the bedding planes parallel to the axial planes
remains constant.

Example of how the north-gouth trending lineations have
been deformed and been folded about later east-weet
trending folds.

Plot indicates azimith and amount of plunge of the major
folde in the area.
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