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IX. The Amphibole Asbesto s 

A. Morphology-of the Asbestos Se am s 

I. Introduction 

Individual seams o f crocidolite are strictly con

formable with the bedding of the host-rock j even in intense 

ly folded strata. Some seams are consprrcuously constant 

in width over apprecia ble distances; others again dis

play rapid variat ion in width and often pinch out com

pletely over short dista nces to reappear farther on along 

t h e same be dding plane or on a slightly diffe re nt Ie ve l. 

Seams which display these "pinch-and-swell ll structures are 

commonly found in local, intensely folded are a s. 

Generally speaking the crocidolite seams can be 

grouped into tvJO type s viz. single or simple seams and 

composite seams . A simple seam is composed of fibre 

bundles which 3tretch from one pla nar surface of magne ti t e 

at t he bottom of the seam to ano ther planar surface at t he 

top of the fibre seam, without any parting, or only 

subordinate partings of magnetite in between (Plate XVII). 

Asymmetry in a seam like this is often c a used by the 

character of the bounding surfaces . Either one of the 

bounding surfa ces, top or bottom, is p l anar and the other 

is irregular or wavy and this gives rise to peculiar 

"corrugated tl or "c onicc:l" structures. It is of importance 

to note that either the upper or the lower bounding surf a ce 

i s wavy or corrugated but never both surfaces . 

Composite se8.ms a re seams which contain several thin, 

persistent partings of magnetite approximately paralle l 

to the outer boundiEf surfaces of the ent ire seam . Because 

of the magnetite partings within the seam an individua l 

seam enclosed between distinct bounding surfaces therefore 

actually consists of several approxima tely parallel l ayers , 

each cont a ining fibre bundles of different length (Plate 

XVIII). The main difference between a simple seam and a 

composi te seam is therefore that in a silr.p l e seam the 

length of t h e asbestos fibre in the se am is e qua l to the 

tot a l widt h of the se am whe reas in a composite se am t he 

tot a l wi dth of t he SC Cim h a s no r e l at ion to the average 

l ength of asbe s tos fibres in the se a m. 

In composite se a ms there is generally a s ;ympathetic 

re lationship bet~e en the fibre lengths of the sub s idiary 

se ams out of wh ieh tho composite s eam is built. This 

s ympathetic relatj_ons h ip is often also reco gnisable in 
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single seams which are closely adjacent to one another . 

2. Orientation of the Fibre in the Se ams 

In most fibre seams the fibre bundles are orientated 

a pproximately perpendicular to the bounding surfaces of the 

seam . Inclin(;d fibres orient ated a t any angle from ne a rly 

normal to almost parallel to the bounding surfaces of the 

seam are, however frequently fo und. Vvhen the fibres are 

extremely incline d they are referred to as Ifslip-fibre il • 

Slip-fibre about t wo inches long has been observed in f ibre 

searf, S measuring about a quarter inch in width. It is 

difficult to explain the growth of such strongly inclined 

fibres in any other wa y than under the influence of l a tera l 

compression which result ed in a prima ry horizont a l couple. 

Tension approxi mate ly parallel, or at a low a ngle to 

the bedding-planes is visuali sed whe re gradua l movement of 

one bounding surface of a seam took pla ce wh ilst the opp o

site bounding surface remained rigido (Figure 12a) . 

Differential movement of this type could take place during 

thrust-faulting on a very small scale or simply during 

folding, when adjacent beds slide paat one a nother (Figure 

12 b) . Evidence of selective moveme nt of the bounding 

surfa c es of a single asbestos S8J,m is supplied by the 

occurrence of fibre bundles which are normal to one boun

ding surface and inclin0d to the other, generally the 

upper bounding surfa ce . This 1,nould indic a te that maximum 

tension under the influe nce of directed pressure ope rated 

chiefly in a vertical direction during the early stages 

of the crystallizLtion of the fibre . La teral mov e ment 

of the upper bounding surface of the seam then took place 

whilst the lower bounding surface rema ined rigid or 

enjoyed a srcl11er degree of movement. Owing t o the shearing 

effect which resulted in the se :~,m the fibre bundles then 

grew in the direction of maximum tension wh ich would be 

at an angle to the direction of greatest movem0nt (Figure 

12 c). Evidence of l arge - sc a le movement along bedding

planes in the banded ironstone is frequently supplied by 

grooves and structures, similar to slickensides? on the 

be dding- planes of the rock. 

30 Conic a l and Rela ted Struciures in Crocidolite Se am s 

Conical structures are found in both sim~le a nd com

posite se a ms of crocidolite. In simple s e a ms the cones 

point in one direction 9 up or down, only whereas in CO ffi
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FIGURE 13 CONE -IN-CONE STRUCTURE IN A SIKPLE CRO CIDOLITE SE.AJ·:. 

The cones of asbestos fibre point in one direotion only and 

fit into a mould composed of alternating banda of magnetite 
and ohert. 
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p os ite s eams the cones ma y point in both directions. 

In the c a se of conic~l structures found in simple 

SeaTI1S, e i t ;:.c r the u pper or the lowe r surface of the s ean1 

forms a mould for the co ne s (Figure 13 ) . The moulds a r e 

compos ed of the ordina ry co nstitu ents of the l a yer s of 

h a nded ironstone adj a cent to fibre se a ms, bounded by pla nar 

surfaces . The cones thems e lve s a re built entirely of 

crocidolit e fibre s (Plates XVI I I a nd XIX) or may have a n 

inner core of alterna ting, concentric l a yers of ma g ne tit e 

a n d jasper . lVhny of the c ones a r e irre gular in outline 

a n d are ac·t u a lly r ep re s e nt ed by ridge-like proiYUsions 

which simulat e s mall-sc a l e foldi ng to a certain extent . 

In a cone s tructure chie fly formed by crocidoli t e 

the fibre s with ma x imum l e n gth are found in the core of 

the cone a n d lengths decre ase pro gre ss ively outwards. 

This is inva riably the c a se whether the co nes are inverted 

or not. The cones a r e often arranged rou gh ly parallel 

to subpara llel a nd a re in places s o intimately inte rgrown 

that they form irregular ridges. The ridges are arrang ed 

pa r a llel to similar irregular depres sions which a re occu

pied by moulds composed of magnetite and chert. The f a c t 

t hat the apexes of cones in a single asb es tos seam always 

point in one directi on only, i. e . a pproximately perpendi 

cul a r to the be dd ing, tends to indic a te tha t pressure 

release during t he defor.. Rtion of the b ed s t ook place 

mainly in on e d irection and t ha t the fibre rew in t hat 

particular direction only. 

The cone struc t ur es found in seams of c r ocidolite 

a s b es to s a r e b a s i c a lly identic a l with cone structures found 

in c _rysotile asbestos deposits a nd be a r a clo s e re sem

bla nce to cone-in-c one structures fou nd in limestone. It 

i s not cle a r just how the cone-structur o s or i:::>ina ted, but 

it is sU G'Se s ted thrlt they ma y hav e re sult e d through some 

kind of differential , vertical release of pressure. How

e ver, they could hardly h a v e be e n f o rmed only because of 

the ,pre ssure exerte d by grovvine fibre s o f croc idolit e unde r 

norG3.1 cond itions of diagenesis . 

In the c ase of c omposite asb estos se a ms the fibr e 

e;r e w in oppo s ite directions thus cau s ing normal a nd i nv e r-

ted cones ad j acent to one an othe r (Plates XVIII a nd XI X) . 

The growth of croc idolite fr om ovposite bounding 

surf~ces to f orm cone- s tructure s too k place apparently only 

where t he pa r e nt- a teria l from wh ich the crocidolite 

crystallised was origina lly s e para te d by ma gnetite l aminae . 

Under condit i ons of pre ssure t h e adjace nt l a yers of parcnt

material comme nced to cry st a llise, one l a yer forming a mould 
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for the adj a cent layer. It is furt he r clear (plate XIX 

centre of field) that during the growth of the fibre, 

magnetite part i ngs \lvere pushed away to suc h a n extent 

thelt many of them were disrupted. The magneti to parti ngs 

or screens could therefore not have acted a s vein-walls 

or moulds for fibre growth as sug ge sted by Genis (1964 1 

p. 574). Furthermo re? a r estricted access to the "moth e r 

liquor" of crocidoli te through subc a pillaries in the 

magnetite screens, thereby c au sing the perfe ct par~llel 

fibres (Genis 1964? p. 57 4 ) is not applic rlble to those 

cases where the ma gnetite scre~ ns are cOTYiplet81y disrupted 

a nd large openings in the scre e n s accordingly resulte d. 

Another interest .ing feature of crocidoli te s eams wh ic h 

di splay conical s tru cture is t h e co mmon bifurc a tion of 

l aminae of magnetite. Several very thin l a minae of ma gne 

tite? so closely adjacent to one another as to r e present 

almost one lamina in places? are displayed in Pla te XVIII. 

VVhe n t hey are followed a long their extensions remarkable 

separation of the l am ina e i s evide nt . The bifurcat ion 

of the l aminae of magne tite indicates that there must h ave 

been some later111 moveme nt of the ma t erial from which t he 

crocidolite cryst ~llisedo The movement of materialc~~ · 

taken place du ring the e a rly compressive sta ges of the 

deforma t ion and before vertical t ensiona l conditions s e t in. 

Eo Th e r e l tion betwee n folding and t he d~stribution of 

Cr ocidolite Deposits 

1. Intro du c tion 

The geolo g i c 8 1 structure of the gre a ter portion of 

the Northern Ca pe Asbestos Field has bcen describ e d in 

detail by Visser (1944) a nd by Truter et a l (1938). 

According to Visser (1944) the roc k of t he Lowe r Gri qu ;..l-

town Stage we re subjecte d to fold i n g durin g two ma i n 

periods . The first period of f olding, wh ich is char a ct e 

rised by mild deform a tion of the strata, took place pri oT 

t o t h e deposition of the Gamaga ra a nd the Ma tsap For a ti c ns 

(Visser? 19449 pp . 247 and 252) . A second period of more 

inte nse deforma tion, c a used by pr essure directe d from 

the west, follo wed after the deposition of these Forma t i on s . 

The latter, refe rrc d to as the post-f[a t sap period of fol-

ding, is cha racterised? am on st other features? by the 

development of low-angle thrust-faul t s in the vicinity of 

Postmasbur and other A.Te a.s of maximum pres sure . Duri n g 

the present study thrust-faultin g was also obsGrvod in t he 

Ririe s Asbe stos l,iine loc a te d north-vve st of Kuruma n. Inte n wc 
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overf olding to the e ast ma y also be observed in the many 

:"l".rrow brachyar..ticline s t ta, t exist in th2 Lower Gricuato','.'n 

S t ~ee . 

Previous i nvest i gators of the l orthern Cape Asbestos 

Field have expressed divergent opinions re garding the 

direct influenc e of s tructural control on the orig in of 

a sbestos deposits and the crystallization of the 

erocidolite. 

Cilliers (1961, p. 133) me ntions t hat the early pr s 

pectors fo r blue asbe stos already kne w t h a t g re a ter con

centrations of c;, sbestos are frequently associated with 

folds . He also pointed out that at certa in asbest os mi nes 

loc"ted n orth of Griquatovm the greater development of 

a sbestos in t he larger, ope n folds is obvious, and - he 

r ecords the fact th~t asbestos seams are commonly more 

numerous a nd thicker towa rds the cre sts of a nticline s 

and the trough s of synclines. He attributes the gre a ter 

concentration of asbestos in these particula r portions of 

the folds to t he a ccumula tion of pa r ent-mat e ria l during 

the period of mild Pre -Loskop deformat ion, and ma int a ' ns 

t hat the later~l movemen t of the mat eri a l took place 

prior to the crystallization of the crocidolite. 

Cilliers concludes that the crocidolite crysta llized 

dire ctly f rom the pa Ti.?nt-materi 2.1 wh ich h a d the requi s it e 

chemic a l constitut ion for inve rti ng to amph i bole during 

d i a genesis of the r ocks a nd tha t the fibrous habit of t he 

mineral was c a used by the crystallization of t h e amph i b o le 

perpendiculqr to a n initiating surfa ce of pre - existing 

a gne tit2. 

In a later public c:c t ion Cilliers and Ge nis (1964, 

p . 564-565) sugge ste d tha t the riebeckite f ormed a t l ow 

t empe rature, IIfrom an or dered pr e cursor by simpl e 

dehydra tion a nd sli gh t ionic re-orgnniza tion in a manne r 

similar to t h e reconstitution of de gr a ded (we a thered) 

mic a s". The p recursor or proto-rieb e c k ite is considere d 

to have been a complex colloida l silicate with a c omp osi

tion and st ructur e ne a r t o t h a t o f rieb e ckite, like the 

cla y minera l a ttnpulg ite or one simila r in structur e, 

which eont '._ ined f errous and f e rric iron i n t he octa hed r al 

l a ye rs. The aut h ors point e d out distinc tly tha t t h e 

fi brou s h abit of croc idoli te i s c ompl e t e l y unrelate d t o 

stre ss. 

Genis (1964) he Id a s i milFtr vie w with r e gard t o the 

parent - m_teria l from which crocidolite crys tallized , but 

maint a ine d tha t the norh-a, l growth way fr om a nucle at i n g 

surfa ce of ma gne tite into a l a yer of p r o to - ric b eckite a , 
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envi s a ged by Cillie rs (1961) doe s not seem f eas ible be

c ause of the perfectly parallel a rrangeme nt of the f i b re s 

of croc i d olite. He is of t he opinionfua t only a number 

of constant growth points which reta ined a consta n t 

spa t i a l distribution throughout growth would result i n 

perfec t ly para llel fibres. ri::; concluded that such per

fe c t parallel growth c a n only t a ke place if a minera l 

ha s restricted access t o its "mot he r-liquor" thr ough sub

c a pillaries in t h e vein-wa ll s . Genis (p. 574-575) 

accordingly r egarded t he ma gnetit e p a rtings or screens 

a dj a c e nt t o the se a ms of crocid olite a s the vein-wa lls 

t hrou gh which restricted access to t he "mother-liquor" 

wa s obtained. The additiona l f a c to r which c ontributed t o 

the formati on of the crocidolite is envisaged as a wave 

of isot herma l surfa ces? which were inclined t o the 

beddi n a nd which moved sl owl y· throu gh the strata . 

The intim te ass oc i at ion of crocidolite deposits 

with structures which are of post-Ma ts a p a ge will be 

po int ed out during the detailed descript ion of s pecific 

asbe s tos depo si ts. At this stage suffice it to ~ay tha t 

the strat9, in wh i ch the crocidolite d e posits a re found a re 

often intric ate ly folded, yet t he fibre remains of perfect 

qua lity a s f a r as flexibility a nd strength a re concerned . 

Ha ll (1930, pp . 252-25 8) sugges ted tha t the form8..t ion 

of croc idolit e wa s restrict ed to c e rtain layers with in 

t he b a nde d ironstone in which sodium was an original con

stituent. M "nes ium wa s contribut e d by n::=tgnesium-ric h 

waters wh ic h circulated from the und erlying dolomite and 

the agency f innlly r esponsible f or the crysta llization 

(; f the riebeckit e is seen ;-" S some kind of "load met amor

phism". He stre ssed the point that the form:"lt i on o f cro

cidolite must have be e n a very slow process, r equiri ng a 

conside r ab le stretch of geo logic a l time , a nd involving a n 

increase in temperature and pressure. 

Ma ss-fibre riebeckite, called I'potential or incipie nt 

ma ss-fibre crocidoli t e; ' by Ha ll ha s prob a bly b een f ormed 

during the earlier sta ge s of crystalliza tion, and subse

quent r ec rystalliza tion of it ha s resulted in the develop 

ment of fibrou s crocidolite. Hall expressed the opinion 

tha t in a minera l like amphibole with it s inhere nt 

tendency to deve lop a prismatic habit, t h e crys tals wi l l 

probably assume a more or l e ss e l ongated habit, and 

sugge s te d that ? "those ne e d le s which a re orientated more 

ne a rly at right a ng le s to the bedQinc:,-plane s may be 

expe cted to 'exe rt a c ertain a mount of pr ;:,ssure a ga inst 

the cont a ining wa lls, sinc e it seems well es t ab l ished 
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tha t cry stals can exert a considerab le pr~ssure during 

growth 11. 

It is a well-known fact tha t a cicula r cryst a ls tend 

t o be elong g,te d in the dirc}ction of minimum compression 

when crystallization t ~kes place upder the influence o ' 

stress. Lo ,:..,d could h a ve caused a n incre a 6e in he tempe

rature of t he roc ks , but if lO:1d-me tamorphism wa s the 

chie f agency to c ontribute he ~t for the crystallizat i on 

of the crocidolite it is diff icult t o visualize why 

the h a ir-like crystals grew vertic a lly, which under 

conditions of pure load, would have been the direction 

of ma ximum pre ssure . Nor is it clenr why the ricb e ck i t e 

crystallized as slende r hair-like n e edles instead of 

stout prisms. 

TIuring the pre sent study of numerous thin sections 

from the Asbesto s Field it wa s found t~at mass-fibre 

rie beckite had crysta llized before crocidolite, but no 

evidence could b e f ou n d th t the recry st ~llization of t h e 

rn a s ive riebeckite h a d g iven rise to t he f o r mrltion of 

croc i dolit e . 

Pe a cock (19 28, p . 28 .3) conclude d tha t "croc i<J :) li t ::.z~', 

ti on wa s a mild, st a t ic, non- a dditivc, me t amo rphic pro c e ss 

resulting in the che mical union a long sod a -rich bed:ling 

plnn es, of t h e nec e s s a ry constitue nts alre a dy in situ", 

The process is describ e d 8.S a "sweating " a ction, facili

tated by interstit i a l rock moisture, a nd induc e d by a 

mod e r a te rise in tempera ture a nd pressure , as would r e su lt 

from simpl e buria l of the ironstones to moderate depths. 

HG re garded the lIinci p i e nt" condition, the typic ~:l l 

a cicular and fibr ous h abit of t he r i e b e ckite, a s progre s s i ve 

stages in the crystalline inte g r a tion of crocidolitize d 

s e ams, a nd decided tha t the transverse orientation of t h e 

fibres developed after crocidolitiza tion wa s virtua lly 

c omplete. 

The hypothesis put forward by Pe :~cock h a s much in 

common with tha t put forwa rd by H::;tll (1928) and the S<1.DlG 

objectio ns r a ised a g a inst Ha ll's ide a s are applicable. 

TIu Toit (1945, pp . 196-199) is of the opinio n t h a t 

simple t h e r ma l or load-metdmorphism, as suggested b y 

Ha ll a nd Peacock, could not have b e en the cause of 

a sbestos forma t ion bec:'.use under such c onditions a Ic_r 

more uniform, though unorient a ted growth would have re

sulted. He stre s s ed t he numerous associ3tions c t' asb e sto s 

with folds and g a v e cle a r illustra t io ns of diffe r cr:. t 

periods of crocidolite forma.tion under t h e influence of 
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directed pressure (p . 190 ) . He there f ore concluded 

that crocidolite is essentially a stress-mineral and 

resulted through t he r e cryst a llization of mass -, fibre 

crocidolite . 

Visser (1944, p. 250) s t a tes that in spite of the 

diverse opinions on the time and mode of origin of the 

croeidolite asbestos, there a re indications in ma ny of 

the larger asbest os workings tha t the deposits a re gene

tically relate d to the widespre a d post-Ma tsap tectonic 

disturb '~nc eso He referred to t he Bl ac kridge Asbestos 

Mine (03)md pointed out th:::l t this mine is situated in 

the western limb of a n ove rfold, a nd that asbestos of 

longest fibre and b e st Quality is confined to the crests 

of small anticlines and overfolcls which developed in the:; 

limb of the large overfold . He a lso noted th:"t the 

direction of growt h of the a sbestos fibre is p~rallel 

to t he axial planes of the folds. He c onclude d (p. 281) 

tha t althou gh it is n o t cle a r whether the constituent 

chemic a l components were origina lly occluded in the 

parent-rock or filtered in at a later date, it appears 

t hat conditions favouring the crystalli za tion of croci

doli to were created during the period of post - Ma tsap 

mount a in-building. 

During the c ourse of the pr e sent study the author 

had t l e oppo rtunity of exa mining most of the present 

s be s tos-producing mines in the Northe rn Cape Provinc e 

a nd found tha t al l of t he m are assoc i a ted with recogni s a 

ble tectonic structures . In a n a t tempt to indic a t e the 

associati on of crocidolite depo s its with f olding short 

de scrj_pti ons of the structural fe a ture s of a few ind i vi

dual asbestos mines will be g iven in the f ollowing 

pa ragraphs. 

2 . Whiteb a nk Asbestos Mine 

This mine , situa ted on Whiteba nk, Kuruman Distric t, 

is loc a ted in a very mild doubly-:plunging , asymmetrical 

syncline . The proved outlines of s i x of t he asbestos 

reefs which are mined are shown in Figure 14 (also p. 50 ). 

A diagrammatic ske tch showing the behav iour of the strat ,'"l 

in an east- west cross-section and the curvilinear attj~~~ 

of the steep eastern fl a nk of the fold in plan is sho'i;!:, 

in Figure 1 5. From Figur e 15 it may b e seen tha t the 

11 steep'! eastern limb of the fold resulted through an 

increase in the regiona l dip fr om ab out 10 to 25 degrees 

over a h orizont a l distance of a proximate ly 60 feet. !~r-
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ther west the strata again attain the norma l r~gional 

attitude? dip at 10 degre es west j and gradually flatten 

to some f our de grees. Still farther to the west the 

dip increases aga in to approximately 10 degrees . There 

is therefore no reverse dip and the structure in which 

the mine is located is strictly speaking not a tru e 

syncline by definition, but actually a monoclina l fold. 

In a north-south direction, parallel to the trend of 

the fold axis the stra ta plunge inward ~t angles v a rying 

between 7 and 9 degrees (Figure 16). The fold-axis is 

distinctly conc a ve to the we st (IDd strike s approximate ly 

north-south. 

The development of a sbestos ,se am s in the steeply 

dipping flank of the structure is poor when compa red with 

the hi gh concentra tion of seams in the anticlina l arch 

t o'.vards the east and the synclinal troucr~ t owards the 

we st of the steep flank. The best development of fibre 

s eams is within the first 400 feet to the west of the 

flank (Figure 15). From t he locati on of the best de veloped 

fibre seams it is evident tha t with an increase in dire-; -

t d pressure t he pr8sent mild structure could have b een 

converted into a d i s tinct doubly-plung i ng syncline, 

e longated in a N-S directi on with tho best conc e ntration 

of fibre along the axis of the structure. 

In this connection it must be po inted out that ~ 

characteristic of the folds in the Lo wer Griqua town Stage. 

o f the Northern Region and a lso over pa rt of the Southern 

Region is t o become more; accentuated with increasin g 

depth, or? c o nversely? to fade out gradually towa rds 

higher elevations in the succession . Thus a mild mono

clina l fold in the Jasper Substage may be the equivalent 

of a distinct and well-defined syncline or a syncline 

with an adjacent anticline in the Banded Ironstone Sub

stage vertically below. Most of the mild f olding in the 

Jasper Substage is recognised only by a slight increas8 

in the angle of regional dip over relatively short dis 

t a nces. 

The structurc~ assoc i a ted with the vVhitebank Mine 

is quite distinct because in many other places? the 

incre a se in regiona l d ip on the fl a nk of a syncline or a 

monocline in the jaspers is only o f the order of five 

degrees. It should therefore be appreciated that such 

a small increas e in the a ngle of dip of the strata, vI'hich 

dip almost constantly in the same direction a t low angles? 

is not easily dete cted unless detailed ~eologic ql ma pping 

is carried out . These mild structures arc ? h owever of 
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considerable importance because they are the indicators 

of possible new a sbestos prospects. 

3. TIepres s ion Asbestos Mine 

This mine is located on TIepression, portion of 

Exit (II), in the Kuruman TIistrict, about a mile north

west of the Whitebank Mine. Mining is carried out on 

three asbestos reefs separa ted from one another by 12 

to 15 feet of barren rock. Stoping along the uppermost 

reef is done over a width of some 16 to 18 feet; the 

stoping widths of the middle and the lower reefs are 13 

and 6 to 8 feet, respectively. 

A geological plan of the mining- area a t the TIe

pression mine is shown in Figure 17. TIetailed mapping o f 

the area was carried out by plane - table and telescopic 

alidade in an attempt to determine the structures 

vis ible on surface a nd their rela tion to t he distributicn 

of mine ab le fibre in d e pth. TIet a iled u n dergrou n d mapping 

on two levels of t he mine wa s also done a nd the under

ground workings, the distribution of the strata whic h 

contain crocidolite se ams and the structures observed 

in the mine are shown on FiGure s 18 <',nd 19. 

The regional strike of the strata overlying the 

mining- area varies from about N 15 0 VI to east-west an d 

the angle of regional dip varies from 3 to 14 degrees 

in a westerly direction. Superimposed on the regional 

attitude of the strata are a number of approximately 

parallel, steeply dipping brachyanticlines, arranged en 

echelon, which generally strike in a direction N 10 0 E. 

The a xes of some of the brachyanticlines strike almost 

due north. Some of the steeply dipping brachyanticlines 

indicated in Figure 17 a r e actually tightly folded 

brachyanticlinoria and represent the well-known "rolls" 

of the Asbestos Field. TIetailed sections across a number 

of the stee p folds in the TIepre ssion Mine are sholNn 

in Figure 200 The folds strike at a distinct angle to 

the regional strike of the strata in the area and run 

parallel to the direction of post-Matscl,p folding and 

fFtulting in the area around Postmasburg . The se structu r e s 

are closely associated with the separate b od ie s of 

fibre in the mine. 

Owing to the restricted underground development in 

this mine the relation between the st e ep brachya nticlines 

and the distribution of the asbestos seams is not clear 
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everywhere. The best relation is observed on the second 

and the third levels where the most easterly fibre body 

is developed parallel to the steep brachyanticline along 

its eastern extremity (Figure 18). Th e same structure 

is present on surface over a length of strike of some 

200 feet, directly above its position underground, i.e. 

mor~ than 200 feet below surface. This steeply folded 

brachyanticline therefore plunges in a northerly direction. 

Underground t he steep fold follows the edge of the fibre 

body for about 350 feet in a north-south direction. It 

then turns westwards and continues in a direction about 

N 45 0 
'IV . Along this stretch the structure could not be 

mapped underground bec ause the old stopes were inaccessi

ble, but according to the surveyor of the mine the "roll" 

continues along the eastern edge of the body of fibre 

until towards the end of the stope it gradually fades out 

and the asbestos seams become unpayable. 

It will be observed (Figure 18) t hat the well-definecJ 

brc:whyanticline continue s parallel to the axis of, and 

along the eastern limb of a narrow syncline which dips 

at angles of be t we en 5 and 10 degrees to the we st. The 

western limb of the syncline dips at somewha t steeper 

angles, ranging fr om 5 to 20 degrees to the east. The de

velopment of fibre seams is restricted to the width of 

the syncline only, the fibre seams pinching out Quite 

rapidly towards the flanks of the syncline. This syncline, 

like the brachyanticline also swings to the west, and 

becomes narrower gradually, in sympa thy with which the 

horizontal width of the strata over which crocidolite 

seams are developed also shrinks. 

The relation between folding a nd the development of 

sec-tms of croc i dolite is less obvious in the remaining t wo 

stopes indicated on Figure 18, mainly bec ause in these 

stopes the over-all pattern is confuse d owing to the pre

sence of several parallel, steep, intraformational folds. 

It is, however, clear that the intraforma tionnl folds 

or so-called "rolls" are found mainly in the fibre

be a ring are a s only. Figure 18 further illustrates th a t 

the formation of crocidolite in the area between the two 

e M; ernmost fibre-bearing pockets, is poor or entirely 

lacking a nd that this area is cha racterised by the obvious 

absence of intra forma tional folds. The separa t e fibre

bearing bodies are almost pe rfectly p a rallel, a nd the t wo 

bodies in the western portion of the mine are arranged 

en echelon. 
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Owing to plant installations and large dumps the 

critica l area overlying the mine could not be mapped in 

detaii . However? on Fi 5~re 17 the relation betwe e n the 

brachyanticlines mapped and the distribution of the projec

tions of the fibre -bearing pocke ts ma y be seen. If the 

d istribution and t he form of the pockets in which crocido

lite is developed are c ompared with the mild regional 

folding of the strata one n otices t h a t these pockets a re 

actually e longa ted a t a n a ngle thereto. The mild re g ional 

folding which is coupled with the pre-Loskop period of 

folding therefore shows no rela tion to the distribution ; 

form and location of t he asbestos-bearing str~ta. 

From the above it is evident t ha t structural control 

of the distribution of asbestos deposits can be observe d 

both on surfac e and in unde r ground workings . Furthe rmore, 

the asbestos - bearing bodies in this particular locali t y 

are intima tely a ssociated with the steeply dipping? 

brachyanticlines and a nticlinoriuIT.$9 of which the axes strike 

approximately n orth-south and which are there fore rela t ed 

to the post-Mat sap period of d e fo .... a tion ? the depo s its 

of crocidolite are r estricte d to syncline s wh ich run 

pa r a llel to the narr ow brachyanticl ines (lIrolls " ) a n d ? 

l a stly? the distribution of the fibre - b earing b ed i c s h;-Ls 

a p parently no rela tion to the mild pre-Loskop fold i ng in 

the Lower Griquatown St ge. 

Many of the narr ow , steep folds indicated on the 

. underground plans (Figures 18 and 19 ) represent intra for

ma tional folds of small magnitude a nd they may f ade out 

vertic a lly within a c ouple of fe et. They are arranged 

parallel t o the more prominent brachyanticlines 3Xld a re 

of the same age . Several types of these intraformnt i ona l 

folds a r e illustra ted in Figure 20 . Their positions are 

indicated on figures 18 and 19 (Ato E). They vary from 

mild mon oclines (Fib~re 20 A) to overfolde d anticlines 

and syncl ines (Figure 20 B & C) or are r e prese nted by 

a series of intricate wrinkles limited t o a small vert i cal 

thickness and distance a long strike (Fi t~re 20 D & E). 

An intraforma tional fold which peters out vertically 


within a thickne ss of only f our feet is shown in Figure 


20 B. The beds immediately b e low and above the fold are 


completely n ormal. Alth ou gh no obvious alteration of the 


b e ds immedi a t e ly above or b e low the intraf or ma tional f old? 


or any sign of a fault-plane could be ob served? it is 


evident t h a t such intraformation a l folding as is represen
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ted in Figure 20 B must have resulted from the movement 

of the upp e r bods in relation to the lower beds. The fold 

therefore actually represe nts a dra -fold adjacent to 

a plane of thrust-faulting. Such horizontal movement 

along bedding-planes in the banded ironstone is a common 

feature in the Lower GriQuatown Beds and Quite like ly 

contributed additional heat for the crystallization of 

the crocidolite. The s ame kind of horizontal movement 

CQuld have been responsible for the form,_ tion of intra

formational fol d s of t he type shown in Fi {?,ure 20 C & D. 

It is fu~ther importa nt to n ote that the axial planes of 

t h e intraforma tiona l folds are almost invariably over

turned to the east, which shows that maximum directed 

pressures operated from the west. This is in a ccordance 

with the direction from whic h tho post-Ma ts a p deforma

tiona l forces operated. 

4. Bestwell Asbestos Mi ne 

This mine i s situa ted on Bestwell (Portion of Be st

wood, Jl) on the "estern limb of the Dimoten Syncline 

(Folder 1). Thre e main reefs are mined. The proved out 

lines o f the reefs are shown in Figure 21. The mine 

exploits two sepa rat e fibre-b ear ing bodies each elongated 

in a n orth-north-we sterly direction and restricted to 

separ te, mi ld b a sin-like structures . The gentle dip cf 

the strata in which the mineable SecLniS of crocidolite 

are found is shown in fi gure 21. 

5. Warrenda le Asbestos Mine 

The Warrendale Mine is situated on Botha (M2), south

we st of Danie Iskui1. The deposits of croc idolite in t1~is 

mine a re found within a series of synclines which are 

arra nged rou ghly en eche lone The axes of the syncline s 

trend in a north-north-easterly direction. The mine 

actually consists of tw o sections; an old section \r:rich 

h a s been worked out and a nevv section which was closed 

down lat e ly. Deta iled s8.mpling of t h e pillars and 

drives in the worked-out section of the mine was carried 

out by the owners, Cape Blue }',sbestos Company, during _ 

1960-61 a nd the results were kindly placed at the disp o

s~ll of the author. The mining and the sampling carrie cl 

out in this section give a clear picture of the distribu

tion of the fibre s e a ms a nd the distribution of value s . 

The author calculated the fibre conts_nt in the 

different fibre-bearing bo dies on a percentage sc a le a nd 
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drew distribution-plans which show the variation in g rade 

and the variat ion in the tot a l thickness of the reefs 

(Figures 22 and 23). A number of cross-sections through 

the depo si ts are shown in Figure 2/~. 

The ma.j or structure with wh ich the deposits a re 

associated is a mild~ d oubly-plunging syncline which 

trends approximately north-south (Section A-B, Figure 2 /~). 

The eastern and western limbs of the syncline dip at about 

7 degrees a nd \lvithin tl',- is n;ain structure numerous subsi

diary f olds are deve l oped . The axial tre nd of the subsi

d iary folds (Figures 22 & 23) are between north and 

n orth-e ast. In each sepa rate f old the best concentration 

of fibr e is along the trou gh of the synclines or along 

the crests of mild anticlines. The asbestos seams gra

dua lly decrease in number and in thickness as the outer 

e d-ges of the local structures are approached . -~This is 

shown by the variation in the percentage of fibre indi

c a ted on Figure 22 and the decrease in the reef wi.dths 

ind i c a t ed on Figure 23 . The t ota l thicknes s of t he asbes 

tos r eef ranges fr om more th ~.n 20 fe et in the centre of 

the folds to some thre e f e et on the outer e dges of the 

structures~ with a corresponding range of mor e than 10 

to less than four per cent of fibre taken a cr oss the 

complete thickness o f the reef . The decrease i n the pe r

c e ntage fibre contained in the reef indic a ted positively 

that the fibre sea ms become very thin a way from the fold 

axes . The strike of the f old axes correspo nds well wi th 

the axial trends of the brachya nticlines described a t 

the Depression Mine and with the strike of similar struc 

tures in many other localities in the area . 

Only four of the asbestos mine s in the Northern 

Region have been dealt with. The major structural f eatures 

at the other mines in the regi on are practically the same. 

It must be admitted that in s ome of the asbe st os mine s 

which have be e n ope ne d r e cently the associated structures 

a re n ot alwa ys crystal-clear~ largely because insufficient 

development has b ee n done to expo se all the crocidolit e 

a nd owing t o a paucity of good outcrops. 

6 . Asbestos Mi nes in the Southern Region 

Cillie rs (1961) gave a det a iled description o f t h e 

structura l s et ting of t he Weste rberg a n d the Koe g s Asb es :

t os Mines . The former is l ocated in a p r onounced 1 northe r

ly plunging syncline whereas the Koegas Mine is loc a ted 
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within a more complic a ted structure comprising both 

synclines and anticlines. At these mines the degree of 

folding is much more intense than in the mine s loc a ted 

farther north. At the Westerberg Mine for instance the 

limbs of the syncline dip at angles exceeding 70 degrees 

in places. 

Simi lar steeply dirping folc1-structures are associa

ted with some asbestos mines loc a ted on the Lower Asbes

tos-bearing Zone of the Southe rn Re e ion. At the Cairn 

Brae Mine (S4), south-south-west of Prieska~ for instance? 

the asbestos deposit is associated with a prominent syn

cline which forms the major structure a n d which has 

a minor anticlinal fold running along the axis of the 

syncline eo as to result in a fold which is cross

section looks like the letter W. 

At the Glen .Allen l~,1line (RJ3)j the only other mine a t p rese nt 

operating in the Prieska are a apa rt from the Cape Blue 

Asbestos Company ' s mines a t Koegas? the a sbesto s d eposit 

is restricted to a distinct doubly- plunging syncl i ne 

(Fi gMres 25 and 26). The axis of the fold strikes in ~ 

direction N26 0E for a distance of about 2000 f e et . Th e 

eastern flank of t he fold dips westward a t angles r an g ing 

from 40 to 69 degrees whereas the angle of dip of t he 

western flank varies b e t ween 48 and 80 de g rees . Th e mine 

is loc at e d on the Lowe r Asb es tos-bearing Zone and seven 

se para te re e fs a re exploited. 

Figure 25 sh ovvs t he folding of the strata within the 

b a sin; six sections indicate t h e behaviour of a single 

bed or reef from below the No . 1 ~~vel. The northerly 

plunge of the basin att a ins a maximum of a b out 60 de i;recs. 

The curvilinear tra ce of t he Ma in Reef o n the Intermedi'1,te 

and t h e No. 5 Levels is shown in blue and brown colours. 

The b a sin gT':1du ;.lly narrows to '. lards it northern extremit y 

where it plunges sou t hward a t around 40 degrees. 

The interna l structure of t h e b a s in i s chara cterised 

by a series of parallel a nticlines and synclines some of 

which are arranged en ech elon (Figure 26) . Owing to the 

intense folding in the basin the M2in Reef , a nd a lso 

the other reefs be ing mined? are repe a ted several times 

on the s a me mine level. Repetition o f the Main Reef on 

the No .1 Level is shown in red on Figure 25 . 

A strike-fault cuts obliguely across the strata 

along the e a stern limb of the basin a nd turns gra du a lly 

to the west towar d s its southe rn end . Th e f ault final l y 

turns b a ck completely along the we stern limo of the hn.sin 

wh ere the f ault-pl a ne merges wi th the b e ,. d i ng and becomo:., 
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inc onspicuous. Where it cuts across t h e be dding app re

ci ~ le v e rti c a l and horizont a l displaceme nt of the 

asbestos reefs may be obs e rved (See tra ce of Main Re ef 

on surfa ce, Fi8,ure 25). Vlh e r e the f a u lt-p l a ne me rge s 

with the be d ding of the strata along the western limb 

of the b as in n o displQc e me nt could be observed~ 

The development of asbestos se~ms is restricted to 

the b qs in, but is n ot uniform a l ong all reefs or even 

a long a s ingle reef. Some of t h e re efs, like the M~in 

Re u f for instance~ a re generally we l l deve loped t h r ou ghout 

the entire mi ne , hut a long some othe r r ee fs t he se ams q r c 

we ll de velope ~ in certa in loc a litie s only. Th e b e st 

c oncentration o f fibre s eams is g en e rally along t he cre s ts 

of the anticlines and a long the trou ghs of t he synclines 

\lvhich run a pproxim q,t e ly parallel t o the a x is of the b q sin., 

but in ma ny places the s e ams are better deve l o ped along 

the flanks of these int e rnal folds. 

All the se ams in the different reefs r a dually pinc h 

out ne ~lr the main f cmlt in the mine. Where some do go 

through up to the f ault - p l a ne they become very thin~ 

ge nera lly l e ss han one e igth of a n inch. 

The dire ction of strike of the axis of the b as in 

is the s a me as that of the brachysynclines at the Warren

dale Mine, the br::whyanticline s a t the Depre ssion Mine 

and simila r s t ructure s in othe r p a r t s of the area wit h 

wh ich asbestos de posits are associa te d . 

The; gener;:Ll strike of the axes nf the f o lds ""i th 

which asbestos deposits in the Northern Cap e are a ssocia

ted is therefore b etwc, ~ n n orth a nd app r ox i ma tely N 30 0 E. 

As pointed out earlier these folds are of post - Mats n p 

age. 

The degree of f o lding v a ries apprecia bly between the 

Northern and the Southern Re g ions, b e i ng mild in the 

n o rthern Region and the n orthe rn portion of the Southe rn 

Regi o n and "Giistinct in the southern p ortion of the 

Southern Region. The intense f olding of the stra t a in 

the Southern Region is re stricted t o a c ompa rative l y 

n a rrow zone wh ich runs p a ralle l to the Doringb e rg Fault 

from south of Prieska to beyond Koegas in the n orth. 

Fold i n g in the large r portion of the entire Asbestos 

Fie ld is r a t her inconspicuous except f or narrow tight 

f olds trending approxima t e ly n orth-south, a n d genera lly 

r e ferred to as " roll s ll in the Asbestos Field. These 

"roll s " h ave b ee n observed in every asbestos mine and 
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in many mines their distribution on surface gives a n 

indic a tion of the distribution of crocidolite bodies 

in depth . 

C. Properties of the Crocid ol it e 

1 . Physica l Properties 

Th e physic a l prope rties of crocidolite fr om the 

Northern C ~pe Province have been described in detail by 

previous investiC"1,tors (C illiers, 1961), (Verm as, 1952). 

The mineral is well known f or i ts cha r8cte ri stic fibrous 

h ab it, high tensile strength, n on-flammability, good. elec 

trical insulating properties , etc . It is not the intenti n 

of the present writer to elaborate on the physical proper

ties of croc idolite . Howe ver ob v8rvat io n s on the behaviour 

of t he crocidolite unde r high tempera ture we re made in 

an effort to distingu ish between crocicLolite from 

different loc a litie s a nd from diffe rent a sbestos- b earing 

zones in the Cape Province; and the se re sults are dis

cussed briefly . For the purpose of distinction, 15 s ampl s s 

of crocidolite obtained from widely separated loc a lities 

a nd from different asbestos - b e a ring zones in both the 

Northern and the Southern Region were submitted to the 

Cer"1mic Unit of the CoSoloR . for DoToA.-a n a lysis. The 

thermograms obt 8.ined during the analys i s of samples 

he 21., ted in air are shown in Figure 21 . 

a . D. T.A.-Analysis of Crocidolite 

The curves in Figure 21 are a ll char~cterised by a 

sm~ll exothermic pe a k between 410°C and 430 oC. The s mall 

exotherm is followed by an intense endothermic r eaction, 

with a peak between 902 0 C a nd 940 oC. The pronounced 

endothermic reaction is immediately followed by an 

exothermic reaction between 931 0 C and 985°C . 

Vermaas (1952) conducted Do T oAo-analysis on crocido

lite from different localities in South Africa and noted 

two small exothermic peaks , one be t ween 3000 C and 400°C 

and a second between 400°C ~nd 500 oC. He ascribed the 

first pe a k to t h e presence of magnetite i mpurities and 

menti oned that this reaction is abse nt in extreme ly pun~ 

materia l. Great care was exercise d during the preparation 

of the crocidolite s amples for the present ]). T. ~\. o - anr<,lysis 

a nd magn e tite was apparently successfully r emoved; no 

exotherm is shown between 300°C a nd 400 oC. 
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Figu.re 27. - TIifferent ial the.r,mal. analysis of 
~-~~~~~~==~~== 

Crocidolite from the Northern Cape Province 

IF. Crocidolite from Sixth Lower Asbestos Zone, Northern 

Region. Pomfret No. 2 Mine (Violet Horizon) Pom

fet, Vryburg District. 

2. 	 Crocidolite from Third Low8r Asbestos Zone 7 Northern 

Region, Bute Asbestos Mine, Eute, Vryburg District. 

3. 	 Crocidolite from Sec ond Lower Asbestos Zone, Northern 

Region, Eldoret Asbestos Mine, Eldoret, Kuruman 

District. 

4. 	 Crocidolite from Second Lower Asbestos Zone, Northern 

Region, England Asbestos Mine, England, Kuruman 

TIistric t. 

5. 	 Crocidolite from Second Lower Asbestos Zone, Northern 

Region, Whi t ebank Asbestos Mine, Whiteba nk, 

Kuruman TIistrict. 

6. 	 Crocidolite from Second Lower Asbestos Zone, Northern 

Region, Bretby Asbestos Mine, Bretby, Kuruman 

District. 

7. 	 Crocidolite from Third Lower Asb e stos Zone, Norther~ 

Region, Warrenda le Asbestos Mine, Botha, Postmas

burg Dis trict. 

8. 	 Crocidolite from Fourth Upper Asb e stos Zone, Matsap 


Range, Black Rilge Asbestos Mine, Black Ridge, 


Hay Ihstrict. 


9. 	 Crocidolite from Westerberg Asbestos Zone, Southern 


Region, Westerb:erg Asbestcs Mine (Outer Reef), 


Westerberg, Prieska District. 


10. 	 Crocidolite from Intermediate Asbestos Zone, Southern 

Region, Orange View (Lower Reef), Prieska District. 

11. 	 Crocidolite from Intermediate Asbestos Zone, Southern 

Region, Ora nge View (Upper Reef), Prieska TIistrict. 

12. 	 Crocidolite from lower Asbestos Zone, Southern Region 

Enkeldewilgeboom, Hay TIistrict. 

13. 	 Crocidolite from Lower Asbestos Zone, Southern Region 

Klein Naauwte , Hay TIistrict. 

14. 	 Crocidolite from Lower Asbestos Zone, Southern Region, 
Cairn Brae, Prieska District. 

15. 	 Crocidolite from Lower Asbestos Zone, Southern 

Region, Glen Allen, Prieska TIistrict. 
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Ho dgson, et a l (1965, p. 20) conducted D.T .A.-analyse 

on specimens o f crocidolite from the Wes terb e r .-Koegas 

area and found that in oxi d izing atIJ10 sphe res under dynamic 

conditions of inve s t iga t i on physic nlly a bso rbed wa ter is 

l os t below 300°C, a n that the first sta ge s of oxidation 

t qkes place at 300°C to 450°C (static) or 400°C to 600°C 

(dynamic). They showed tha t a t tempe ratures between 400 0 e 
and 600°C the hydroxyl water of crocidolite is completely 

l ost, with a correspondin[S lo ss in weight of only abou t 

0 . 2 per cent . The process is marked by an exothermic 

r eaction between 400°C a n d 430°C, a t empe rature range 

which correspond s we ll with the exotherms between 410°C 

and 430°C obt ined on crocidolite from v a ri ous loc a lities 

in the Cape Province during the pre sent investigat ion. 

HOd gson a nd his co-v,rorke rs maintained that during this 

process about three quarters of the ferrous iron is oxidized 

a nd tha t a n oxyamph ibole having a pproximately the c ompos i

tion Na2Fe" ' 4F2' '0.~~gO.4Si802 4 is forme d . X-ray analysis 

c a rried out by Hod g son et 801 on crocidolit e heated t o t his 

temperature showed that the amphibole has slightly sma lle r 

cell pa r ame ters t h a n the unoxidized material. A similar 

obse rva tion w s made by P 8.tt e rson (1965, p . 31- 33) who fou n, 

tha t the amph ib ole structure of crocidolite he ated t o 8 50 0 e 
rema ine d st p.,ble in spite o f the l o ss of hydroxyl groups 

and the part i a l oxidation of ferrous iron except for a 

sma ll decrease in the lattice dimensiohs of the mineral . 

A cons p icuous endotherm between 902°C and 940°C is 

pre sent on a ll gra phs shown in Figure 27 . Vermaa s (195 2, 

p . 24) obtained endothGrmic peaks betwe e n 890 0 C ~nd 932°C 

on croci do lite from various loc a lities in South Afric a 

whereas Hod g son et a l (1965, p. 21) recorded endothe r mc 

between 890°C and 950°C on croc idolite fr om the Westerber l.:> 

Koegas are a . Ve rma a s (1952 , p . 226) su ggested that the 

marked endothe rmic reaction which t a kes place in this 

temperature range indic a tes the loss of mole cula r wa ter 

which caused the structural failure of the crocidolite 

and tha t this is i mmediately followed by an exothermic 

reaction owing t o t he formation of a new mineral and 

perha ps also because of the oxid.ation of the r e maining 

ferr ous iron. The more r e cent inve stigations by sever~l 

authors ( Hodgson, .~_~ al, 1965; P a tterson, 1965, etc.) 

prove d t h a t the endothe rmic r e a ction in th8 vicinity 

of 900 0 e is not c au sed by the l oss of molecula r water; 

this process takes place at te rn e ratures below 600 °C. 
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Hodgs on et a~ (1965 9 p. 20) maintained th :d gra dua l 

dec nmposj_t i on of the oxyamphib ole j fo r med below 600°C, 

a nd t he sec ond st ~ge of oxidation take s pl a c e between 600°C 

and 910 °C. The r a te of the r eaction increases rapi dly 

above 910 0 e ~ il.ccoro.ing t o e xperimental vi'ork by P2.tterson 

(196 5 1 1) . 33) t he initial tr;=:, nsfor m;::\,ticn of the ",mphib ole 

to ~oyro xene (,'lcmito) , he mati to , spine 1 ,=md cristob ;:),l it o 

t akes pl ace at 850 0 e to 900 De. During the pres e nt D.T.A.
aana l yses of crocic3. o1ite the end otherms betwee n 902 C and 

940 °(; a re there fore indic at ive of the tr ;:-lDsformation of 

t he cW11?hib ol e to pyroxene a nd a s sociCl ted products of inve r

sion. The exothe rmic re act i on ( 937 0 (; to 985°C) imme d i ,:l te ly 

f ollowing thc endothe r m indicates the incongruent melt i ng 

of thE~ pyr ox:ene vvhlch cc:nlsed the; f usi on of t he new minere l s ., 

Hodgson9 e t ::11 (19 65 ~ p . 19) ide ntifie d the foll O'Ni ng 

products of therma l tra nsformation of croc i clo lite from the 

KOGg'1s- Vvestorberg a r e'?" when the minerc11 was he ate d in air. 

Phases detected by X-rays 

- 310 Riebecki te 

- 350 Mineral vvith cell parameters betwe e n 
riebeckite a nd oxyriebeckite 


400 - 790 Oxyriebc:ckite 


8/+0 - 865 Little oxyriebe ckite + pyr oxe ne + 

lit t l e spinel + cristob a lite 

- 883 Li t tle oxyriebc ckite + pyr oxe ne + sp ine l 
+ cristob alite 

No or litt le oxyriebcckite + pyroxene + 
spinel + cristob a.li t e -t- hema tite 


950 - 975 Pyroxe ne + cri stobalite + hema tite 


975 - 1050 Little pyroxene + cri stobalite + 

hematite 


1050 - 1100 Hematite + l ittle cri stob nlit c 


Patterson (1965) obtained approximately simila r r esults 

where a s Verma as (1952) a lso noted the eventual formation 

of pyroxene and crist obalite . No identific a tion of the 

t r ansformation products was carried out during the pr esent 

study, the chief object b8il~ to distinGuish be twe en c ro c i 

dolite from different l oc a li tie s fl nc1 from different asbe fJ 

tos zone s mere ly by c omIlaring the tempe r a ture s at which 

the endothe r mic and t he exothermic ref.tc tions took plflce . 

For the purpose of c omparing t he se reacti ons the behavjJmr 

of crocidolit e during the D. T.A. - anal yses is listed 

in Table 34. 
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Tab l e 34 . - Tempe r atu r e s at which exo- a n d endo thermic 

r eactions took p l ace during the DoT . " .-a n a !yses of croci 

dolit e f r om the Cape P r ovinc e 

First Se c o nd 
l~sbestos- Fi gur e Endo-Pl a c e o f Exo- Exc t he r m o ear ing 27 Curve the r m Ori gi n therm De {jr eesZone No . De~rees ("1 

vDec;r ec:s 
C 

Po mfre t Wl i ne Sixth 1 0 1 ~- 25 924 9 1+8 
wer 

Bute Mine Thi r d Lowe r 2 420 930 960 

Warrendal e Thir d Lov,re r 7 !UO 940 98 5 
Mine 

Eldc r et Se c ond 3 420 920 950 
1Yl ine Lovver 

EngLmd Se cond 4 1t-1 5 920 9 65 
IVline Lower 

Ph i te1J ank Se c ond 5 41 5 920 950 
Mi n e Lower 

Br etby Mi ne Se c on d 6 420 925 9 65 
Lovver 

J31 ackridBe Fou r th Uppe r 8 410 91 5 9 " l'T) 

Mine 

Enke l c1ewilg Lower Zone 1 2 425 926 959 
1\hne 

Kle i n Low2 r Zone 1 3 420 925 9 52 
Naau wte 
Mi ne 

Cairn Br ae Lowe r Zo ne l Ll {~ 17 902 9 37 
Mi ne 

Gl en ll.lle n 
Mine Lm,ver Zone 15 41 5 9 1 5 9/~0 

Or;:u1gc View Interme c1ia t e 10 In5 930 
Zone ( Lo -
wer Reef) 

Or ange Vi ew I nte r med i ate 11 4-25 920 
Zone (Up
pe r Re ef ) 

Weste r be r g Weste r berg 9 420 915 9 f~O 
Mine Zone 

Fr om Tab l e 3 4- i t i s evident t hat one c a n har d ly cl i ffer 

ent i a te betwee n crocidolite from different localities 0n cl 

from d iff e r e n t asbestos - be a r i n g zo nes in the Cape Prov i nce 

wi th the a i d o f d i ffere nt i a l thermal a n 8.1ysi s. T'he r e 

a ppears to b e a b e tter c o r respondence amol1{!; st the endo 

the r ms of sample s fr om the S8.me a sbes tos z c n(~ or the S8Jl1e 

stra,tig r3.phi c ;::i, l horizon , fc;r examI)le in SamI)le s from 

the Se c ond Lowe r. On the other hand, s ampl es from the 

Lower Zone (Southe r n Re g i on) gave endo the r ms at t e mperatu r es 
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Figure 28 . - Diffe r entia l therma l a na lys is curves 

of Mass-Fibre Rieb eckite and Riebec kite 

1. 	 Hard a nd britt l e riebeckite orientated simila r to 

crocidolite in seams, b ower Asbestos Zone, 

Southern Region, CO-irn Brae , Prie s ka District. 

2. 	 Mass-fibre riebeckit e j Four th Upper Asbestos 

Zone , Northern Re gi on, Ettrick, Kurum o.n District. 

3. 	 Mass-fibre riebeckite , Second Lowe r Asbe st os Zone, 

Northern Re g ion, Eldoret , Kuruman District. 

4 . 	 Ma s s-fib re riebeckit e , Third Lowe r Asbes t os Zone , 

North(3 rn Re,c:; ion, Riri E~ s, Kuruman District. 

5 . 	 Riebeckite pe rpendicula r t o walls of ve rtical 

fracture in banded ironstone, Fourth Uppe r 

Asbestos Zone , Northern Region, Ettrick , 

Ku ruman District. 
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be t wee n 90 2 oC a n d 926 0 C wh ic h show t hqt croci do lite 

f r om the same stratigraphic a l hor i z on c ould a l so r eac t 

a t qu i te d j_ff e r ent t empe r atu res . The diff erenc e in the 

te mpe r a tures of the f inal ex othe r mic r eac ti ons c Hu sed by 

t h e i n c ongruent molt ing of pyr oxene a n d the associ~lte d n r.=;v\T 

mi ne r a l s a r e a l s o suc h that no d i ffe rent i nti on is po s sib l e . 

b . 	 D. T . A.-analys i s of riebecki te ot her t h a n crocido 

lite 

D .T. A.-a n a l ys i s of mass - f i b re riebeoki te and othe r 

a cicul a r f o r ms o f r i ebe c k i tc f oun d in frac t ures as we ll 

as i n s eams whic h a r e c onf() r mab l e to the b eddi ng 'was 

c a rrie d out b y t h e Ceramic Unit of t he C oS . I . R. on f i ve 

sampl e s . 'J: he re su I t s a. r e shown i n Fi gure 28 . 

These c urves are ve ry s i mi l a r to thuse oo t o.i ned for 

crocido lit e ( Fi{sure 27 ) . The cu rve s a re all c har a c te ri sed 

by a n ex otherrn betwe e n L~200C and 450°C j 3,n e n dotherm 

oetvve lm 898°C and 9 50 °C a n d a f i neJ,l e x othe r m betwe e n 

9 LU OC a nd 980°C. Curves 4 ('md 5 a n d to 2\ l esse r degr ee 

a l so curve 3 shm~l pr on ounc e d e x othe rm s betvveo n 860°C and 

900°C. Curvo 4- has a n add i t i onal e ndothe r m at 8[~O oC. 

Tho fir st exothe r m betwee n 420°C a n d 540 °C corres

pond s with tho pr oc ess i n croc i do lite where t h e mo l e cu l ar 

water is s et freo a nd par t i a l oxidat i on of t h e fe rrous i ron 

take s p l a c e . The pr uc ess ~pparent l y takes p l a c e at 

s light l y h i gh e r tempe r atures th!,;m fo r croci do lite . The 

curves f or mass-fib r e rieoe c k i te , numb ers 2 , 3 f),nd [j.j 8h w 

t his re a ction to take p l a c e between 430°C a n d 455°C , 

whic h c o rre sp~nd s wi th the maximum teml)(:~ rt1ture obs8 rved 

in c rocicJ. olite pl u s 25 de gr e c3s . The curve fo r a cicula r 

c r ystal s o f r iebe c k i te ( No . 5 ), found as cross-fi bre 

in nearly pe r pe n d icu l a r f rac tur es a cros s the bedding of 

the banded i ronstone 9 shows an e x oths rm at :~200C , a tem

ll e r ature wh ich f a ll s wi thi n the ran ge at wh i ch the same 

r eact i on takes pl a c e i n croc i do lite . Cu rve 1 r epr ese n ts 

the r eac t i on of har d p r i s mat ic a n d e l o ngat e d c r y stal s 

of r ieoe ckite f oun d i n s cams similFu' to t h ose of croc ido

l it e . I n th i s c ase the f i r s t e x ot herm i s at 540°C, wh ic h 

is appr eciably highe r than f or crocido l i te a n d fo r maSB

fib r e riebec k i te . 

The tempe r ature r a nge o f t h e fina l e n dothe r mic 

r eac t i on Defore me l ti n g take s pla c e lie s botwee n 898 °C 

and 950°C. Th i s t empe r atur e r a n ge i s aga in v e r y s imilar 

to that o f :pu r e crocidol i te . Vermaas (1952, p. 201) 
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conducted D .T. ~ .-analyse s on mass-fibre riebeckite fro ffi 

the Cape Prcvince a n d on riebe ckite from Natal and found 

that the c orre s po nc1ing e n dothermic reactions too k pl ace 

between 108 5 0 C and 1117°8 . Attributing the e ndothermic 

reaction to the loss of t h e molecular water at these tem

pe r atures, he concluded that the analyses demo nstrated 

the ab ility of riebeckite to ho l d its wa t e r l onge r tha n 

croc idolite unde r simila r conditions. This proves that 

the crystal structure cf riebecki te is stronge r t h an 

that of crncidolit e . 

According to recent invest i gat i ons, as pointed out on 

p . 188 a ll the molecular vmter in t h e lattic e of r iebeckj 

i ts i s a c t u a lly l ost at t e mperatures below 600°C. Th2 

present inve stigat i on indicates that this pro c ess takes 

place at ":tpprox i mctt::;ly the; same t ,-;mperature for croci do 

lite a s we ll as for mass - fibre r i ebe c kite . Only in th2 

c ase o f pri smatic riebeckite the process appears to t2ke 

pla ce at a temperature we ll abov c~ 500°C (Fi gu r e 28 Curve 

1) . If the temperatur e at which molecular later i s 

expe lle d i s at all an indication of the strength of the 

~.mph ibole structure it shmvs that in al l 2W icul:Jr fo rm s 

of riebe ckite the structure is very s i mi lar and l es s 

strong than thr-3.t of the; c o lumna r t ypes of riebeckite" 

From the J.; r e sont inve st i gRt i on it must be c onclud E~ d th:"i t 

D.T. i~ .- 3-nalysis f a ile d eve n in the abso lut e d i stinction 

between cross- f ibre crocidolite a nd mass-fibre riebccki te . 

2. The Chemical Composition of the Croci do litc; 
Or 

Crocidolite i s the fibrous v a rie ty of the monoclinic 

amph i b1j l e riebecki te anc1 has appro x ima.te ly the s a me 

chemic a l compos i t i on B.nc1 the same unit cell dimensions 

a s riebe ckite . The ideal formula for riebecki te is 

Na2 Fe '~ ?e' , ' 2 S iS 022(OR) 2 and that for the magnes i a n

ric h variety, magnesioriebe c k ite i s Na?Mg Fe 2 " ' SiSO?? 
c LL3

(OR)". It is common knowle dgc that the :::wlphibole
c... 

structu r e perIni ts of gre~l.t flexibility towar ds ionic 

r Gp lacemcnt and the mine r a ls of this group the r efore 

exhib i t a n extre mely wide r ange of chc;rnical COUll)osi tiono 

Riebeckite be l on gs to a series which shows a com

p le te SUb s t itut i on of Al by Fe '" - the rie bec kit e 

gluacophane serie s in which the minenl.. l crossite 
~ ; 

with a composition int8rm8'diate betwc3n r i ebecki te ,0Na2Fe 3 

(IvIg3 ) Fe 3 " ' S:i,8~122(QH)2) and glaucophaYl~ (Na2,I'·il@;3(F?i} 3) 
1l.1 2 S iS 022 (OH) 2) i s formed . I)ikewi~e there is a com
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pl.:~t2 solid solution betwc; ,')n riobeckito and maR;!l8sio -· 

ri l:; be ckit "'; ' 

In many of t he :publ ish2 d papers on the cheIni cal 

analysis of crocido l it e; from the Cape :I? rov ince a con

spicuo us var i a tion in the values of s~veral oxides, a. p . 

8i0 2 , F2 20
3

, F,::; O, MgO9 Na20 and chemic ally combined H20 

is apparant . I n 11 analysJs giv2n by Hall (1930, pp. 

35 - 36) 8i02 r angos from 50 . 5 to 54 . 5 par c 2nt~ Fe203 

17.1 to 21 . 0; F80 1 3. 1 to 18 .7 \ MR;O 1 .37 to 4 . 55 , 

Na20 3 . 9 to 7.7 and E20+ 1 . 6 to (1, . 5 . Du Toit (1945, p . 

176) referred to th~ se v ar i at ions and suggas tad that it 

may be explaj.ned in part by the f act that most of the 

specime ns analys dd cam.? from near surface in the zone 

of oxidation. 

CillL:~rs . 1961 (pp . 146- 149) supplied 16 chemical 

analys8s of crocidolit2 from the Cclpe; Province . Of th3 s a , 

e leven of th ,~ samJ)lc; s analysed \Nare derived from frc;sll. 

rocks and the r2I!laind',,~r from partly oxidized lllr'ltarial. 

·~ven in th os .;; sample s derived from complet .31y unweath ~~r8d 

rocks , conspicuous variations in the val ues of certain 

el ements a re still observed . 

Si0 2 ranges from 50 . 5 to 52 . 3 per cent; Fe 20 
3 

from 1 6 . 7 to 17. 8; FeO 16 . 5 to 20 . 5; MgO 1 . 0 to 4 . 6; 

Na20 5 . 8 to 6 . 4 and H20+ 2 . 0 to 2 . 7 . In f ive analyse s 

of crocidolitc derived from shallow depth, i. e . within the 

zone of oxidat ion the; r ange is as f ollows: Si02 49.4 to 

51.9 per cent; F8:::,0-.J 17.7 to 20 . 5 9 FeC 14 . 6 to 20 . 0i 
- J + 

MgO 1.32 t o 3.7; Na20 5 . 6 to 6 . 3 9 H20 2 . 2 to 3. 7. 

Ci11iers points out (p . 153) that crocidolitJ from the 

zon8 of oxidati on h as a slightly low ::; r contGnt of silica 

(mean 51 . 26 per cent) than crocidoli t .3 fro m 83ams i n the 

fresh roc k (me an 52 . 3 par cant) and tha t in the zone 

of oxidat ion the crocidolite also shows an increas 3 

in ferric iron with a concomit ant d8crea8~ in fe rrous 

iron. In an att8mpt to determine whsthdr crocidolita from 

widely sapar a t2d loc alities or from differ ~nt asbestos 

be a ring zones would differ in chemical co mposition th ~,; 

writer s218ct :~d lL~ sampL:;s, nina from 88ams in fr8sh roc k 

(more tha n 200 fact b010w surface) and five from seams 

in the zone of oxidation (Table 35 ) . 

Important about th~s8 new analyses is the presence 

of appreciable amounts of A1 20 in SOIn2 of thi3 sample 8 .
3 

Th,,, maximum value for A1 20
3

, 6 . 23 per c ·.:;nt , was obtained 

on a sample fro m thG S2v;3ntl1. Lovv;r Asbest os Zone at 

 
 
 



Tab~e ~. - New Ch.emical Anal ~f' es of Crocidoli te from the Cage l'rovince 

Mintls 
Samp~e 5102 Al.203 Fe203 FeO MgO CaO Na20 K20 Ti02 P205 MnO CO 2 H2O+ H20- Cl F S O=Cl , Totalnumber S 

I 48. 80 6.23 17. 04- 1 4.64 2. 78 0.65 5.25 0 . 00 0.19 0.18 0 .18 0.44 3. 21 0 . 44- n.n, n. d. 0.03 0.02 100. 04 
II 49 .80 4.66 1 5.78 1 4.03 5.00 0.90 5.05 0 .00 0.19 0 .25 0. 00 0.31 3. 37 0 . 73 n. ci. n.d. 0.04 0.02 100.09 
III 50.05 1.79 17.92 1 5.28 4.02 1. 50 5,30 0 .00 0.23 0. 30 0.42 0.16 3. 1 2 0.31 n . d. 0.00 0.06 0.03 100. 43 
IV 50.90 1.44 19.23 15.59 3.02 1.10 5.20 0.00 0.19 0.14- 0.07 0.39 2.02 0.40 n. n. n.d. 0.05 0.02 99 . 72 
V 50.30 4.75 15.64 14.30 4.90 0.30 5.05 0.10 0019 0.09 0.03 0.41 3.40 0.63 n.d. 0.00 0.07 0.03 100. 13 
VI 50.10 1.45 19.30 15.75 3.02 0 0 76 5.61 0 . 06 0. 31 0.15 0.00 0.47 2.33 0.)4 0 .00 0.00 0.00 0.00 990 65 
VII 51.05 1066 17.51 16.96 3.51 0040 5.50 0.30 tr. 0.05 0.05 0.23 2.76 0 0 32 0.10 0.01 0.02 0.03 100. 40 
VIII 51.B8 0 062 16.58 14.94 6.39 0 .43 5.05 0.00 ~. 0.04 0.00 0.47 3.24 0 . 36 0.14 0.01 0.02 0.03 100013 
IX 50.28 0.38 19.13 18.39 2.12 0.40 5.35 0.00 tr . 0.06 0.04 0.29 3.12 0.24 0.11 0.00 0.01 0.02 99.99 
X 48.70 0.63 17.84 18.11 2.20 2.26 5.20 0. 00 tr. 0.05 0.10 0.39 3.84 0.32 0.13 0.01 0.05 0 003 99 . 78 
XI 51.32 2.39 18.50 15.48 2.56 0.79 5.35 0. 00 0. ~9 0.05 0.00 0.39 2.14- 0.15 1.00 0.00 0.05 0.26 100.10 
XII 50.48 0.67 19.68 16.96 2.55 0.40 5.30 0. 00 tr. 0.12 tr. 1.48 1.52 0.20 0.31 n.d. 0.02 0.08 99 . 61 
XIII 55.00 0057 18.80 14.37 2.12 0.)6 4.80 0 .00 u. 0.06 tr. 0.23 3.04 0.16 0.28 n.d. 0.02 0.07 99 . 74 
XIV 50.67 3,,81 16.48 17.67 1.70 0. 55 5.65 0.00 0'. 18 0.04 0.00 0.31 2.24 0.20 0. 60 0.00 0.05 0.17 99. 98 
XV 56040 1.48 36.42 0.00 0.12 0.18 0.32 0.00 0.18 0.18 0.16 0.27 4.07 0.12 0.22 0.00 0.00 0.05 100.07 

Mean I  50.18 2.58 17.43 15.51 3.87 0. 92 5.25 0 .05 0 . 14 0.14- 0.09 0.36 3.03 0.43 0.04 0.00 0.05 0.02 100.05VIII and X 
Mean IX and 51.55 1. 56 18.52 16.57 2.21 0.50 5.29 0.00 0.11 0.07 0.01 0.54 2.41 0.19 0.46 0.00 0.03 0.12 99.90XI to XIV 

Analysts: 	 E.C. Haumann and J.P. Dry
Soil Research Ins tittlte. 

I Crocido1ite from "B1tle Horizon", Pomfret No. 2 Mine, Seventh Lower Asbestos Zone, Pomfret. Vryburg District. 
II Crocido1ite from "Violet Horizon", Pomfret No.2 Mi ne, Seventh Lower Asbe s tos Zone, Pomfret, Vryburg District. 
III Crocido1ite from Bute Asbestos Mine, Bute, Hetlningv1ei area, Vr yburg District . 
IV Crocido1ite from Eldoret Asbestos Mine, Seco nd Lower Asbestos Zone, Eldoret, Kuruman District. 
V Crocido1ite from England As bestos Mine, Secon0 Lower Asbestos Zone, England, Kuruman District. 
VI Crocido1ite from Whitebank Asbestos Mine, Second Lower Asbestos Zone , Whitebank, Kuruman District . 
VII Crocido1ite from Bretby Asbestos Mine, Second Lower Asbes t os Zone, Bretby, Ktlruman District. 
VIII Crocido1ite from Warrendale Asbestos Mine, fh.1rd Lower Asbestos Zone, Botha (Ptn, Carterb10ck 458), Postmasbtlrg District o 
IX Crocidoli t e from Black: Ridge Asbe s tos Mi ne, Fourth Upper Asbes t os Zone?, Black Ridge 193, HaY' District . 
X Crocido1ite from Westerberg Asbestos Mine, West erberg Asbestos Zone , Otlter Reef, We s terberg (Ptn. Rietfontein), Prieska District. 
XI Crocido1i te from Klein Naatlwte As-bestos·· Miney-Lower Asbes t os Zone , Klein Naatlwte 346, Hay District. 
XII Crocido1ite from Enke1de Wi1geboom Asbes tos Mi ne, Lower Asbestos Zone , Hay District . 
XIII Crocido1ite from Eoke1de Wi1geboom Asbestos Mine, Lower Asbes~os Zone, Hay District. 
nv Crocido1ite from Cairn Brae Asbestos Mine, Lower Asbestos Zone, Keikams Poort, Prieska District o 
XV Weathered crocido1ite (Griqu.a1andite) from Thi r d Upper Asbestos Zone , Warrendale, Postmasbu.rg District. 
I - VIII and X from Fresh Zone, below Zone of oxi da t ion. 
IX and XI to XIV from Weathered Zone o 
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1he va riotion in the chemical composlhon 

of c roc idollteCrie bedi te) fran t he Cape Pr~y in c e compared 
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Riebeckite amphiboles (after Miyashiro) ICJS7) 
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Pomfret (Table 35, Lnalysis 11 ). A second sample from the 

same asbestos zone cont,:::J,ins IL 66 per c e nt L120 " In all
3 

of the other samples, including samples from seams in 

both the fresh a nd the partly oxidized. rock the value 

for A1 0 is low , 0 . 57 to 3. 81 per cent , except for one2 3 
sample from The Second. Low () r nt the Englnnd Lsbe sto s Min:::, 

K1).rLl em TIistrict which yielded 4 . 75 per cent A1 20 
3 

(Table 35) . The re f ractive indices of crocidoli te with 

a high '1,lumina content are much lower than the indices 

of crocic101ite which cont a in small amounts of A120 
3 

only ( T~ble26)y and approach the refractive indices of 

cro s site . The chemical composition of the crocidolit e 

from the different loc a li t i8 S (Table 35) has beem plotted 

on a quarternary diagram where the comIJos i tion is expres

s~d as 100 Fe ' I ' /(Fe ' " + Al + Ti) a ga inst 100 Fe ' 'I 
(Fe " + Mg + Mn) according to the class ification of the 

g l aucophane - riebecki te miner8.1s I)roposed by Miyashiro 

(1957) ( Figure 29) . According to figure 29 the composi 

tion of all crocidolite specimens R.nalyscoc1 f a lls in 

the theoretical composition field of rieb e ckit c . Three 

of the samples viz . 15 II and V (Table 35) conti'lin 

appreciable amounts of A1 0 and fall near the line whic h2 3 
divides the composition fields of rieb e ckite and cr03sitc 

( subglaucophane) . 

~ccordinB t o the analyses (Table 35) the Si0 2- content 

of crocidoli te obtc3.ine d from seams in unaltercd rock v a rie s 

from 48 . 70 to 51 . 88 per cent with an a verage of 50 . 18 

per cent . The SiOn - content of crocic101itcc: obt::iined from 
L 

the zone of oxidation ranges from 50 . 28 to 55 . 00 with 

a n average of 51. 55 per cent • 

.im analysis of highly weathered crocidolite (Griqua

landite) (Table 35 1 analysis xv) obtained from surfa ce 

out c rops indicates a silica content of 56 . 40 per c e nt . 

These analyses there fore indicate that crocidolite 

from the zone of oxidation has '3. slightly highe r content 

of si1ic8. than crocidolite frOID seams in the totally 

fresh rock a nd that there is still a furthe I' increase 

of SiO,) in complet e ly w8D,thered and oxidized crocido1ite . 
L 

These fi f:su rE:s are contradictory to those quoted by 

Cilliers (1961, p . 153) and there fore contI' dict his 

claim that silic a is le a ched out durin~ the oxidation 

of crocidolite . The excess of silica may be explained 

by ,i p roce ss of superfic i 8.1 or ne~ir- surface silic ific a

tion and is in a ccorda nce v-li th the clJ.rrent concept ion 

of the c1evcl01JIDent of tiger ' s · eye . 
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The most significant difference b e t we en complete l y 

fresh crocidolite a.n d the we athe r ed v ?kriety is the con-· 

s picuous increase in ferric iron and the concomi t ant 

de crease in the a mount of f e rrous iron, ( Table 35 j 

analysis XV). The f o rmula of the uni t -c e ll of crocido 

lite obtained fr om scams in the c omplet e ly una ltere d 

bande d ironstone was c a lculate d from the analyses pro 

v ided in Table 35 . The formul a of a typ ic a l smnple i s 

Give n in Table 36. Var v ing amount s of CO 2 were obta ined 

in all t he ana lyscs . Dcc ;:mae se c ondary c a lcite wr>...s 

a l 1.iVays obs e rved i n a ll the specimens of banele d ironstone 

inve stigat e d, i t wa s aco crdin~ly assumed t hat the CO~ in 
. L 

the s a.mples of crocidolite was c ombined with Ca O in t h e 

f orm of c a lc ite as a n impuri ty . The c a lcium content of 

the croc i dolit e has bcun modifie d a ccordingly in t he 

de r i vat ion of the atomic ratios. 

According to tho chemic a l analyse s provided in 

Tab l e 3'5 the value for H20+ in the composi t ion of the 

cr oci clo l ite is a l most c onsist e ntly high . It r anges 

frenn 1. 52 to 3 . 84 pe r cent . Simila r h i gh values f or H20+ 

i n the c ompos i tion of crocido~it e from t he Cape h a ve 

been r eJ)or ted b y pr e v iou s invc~ stigators (Frankel, 1 953; 

Cil lie rs 9 1 961 ) . 

Pre vious inv(; stigators gave diff e rent r e a son s f or t h e 
~ 

high c onte n t of H~O ' in the composition of crocido lite o 
L 

IJilhi tt '3.ke r (19 49 9 p . 316) found unoccupied positions in 

t h e unit-cell c f crocidolit e a nd is of opini on that these 

v acant positions c an be occup i ed by a mole cule of wa ter . 

Franke l (1953 9 p . 77) a gr ees with Whitt ake r but in 

addit ion f e lt that some of the exces s water c ould possi

b l y b e due to the p r esence of opaline s ilic a interstitial 

t o or as sheaths around the fib re s . Vermaa s ( 19 52 , p . 

217) s ugge st ed tha t t he exce ss wa t e r shown in t he a n a lyses 

of crocid oli te may b e due to a sma ll erro r i n the de t e r

minat i ons of t he H20+ . Ci llieTs (1961 , p . 155) sugge st ed. 

that the e xc es s H20+ repeat ed l y r e port ed in a n a l y s es 

of croci dolitc is caused by mo l e cules of water t r a I)I)ecl 

in the cryst ill s of crocidolite and tb..ere fore not de rived 

fr om implJ.ri tie s . 

Ho d gson a nd c o-worke rs (1965 , pp. 16, 25 and 26) 

carried out the rm8.1 gr a vimetric a n a lyses on Saml) l es of 

crocidolite derived from Weste r be r g . The sampl es were 

he a te d in '3, neu tr3.1 a tmo sphere and u nde r s t,?"tic c onditi on f3, 

A gradual e v olu tio n of ab sorbed water wa s o1Jtaine d betw8 8 :"1 

teml)cratures s light ly ab ove room temperatur e and 500°C. 
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Table 36. - The chemical composition and the unit 

cell formula of crocidolite from the Northern Cape 

:Frovince (Table 35, Analysis IV) 

Number of anionsWeightOxide on the basisper cent 24 (O+H+S) 

Si02 50.90 
A120 1.443 
Fe 20 19.233 
FeO 15.59 
MgO 3.02 
CaO 1.10 
Na20 5.20 
K20 0.00 
Ti0 2 0.19 

0.14P205 
MnO 0.07 
CO 2 0.39 
H 0+ 2.022 
H 0- 0.402 
S 0.50 

Si:t 4 

1\..1+3 

Fe+ 3 

Fe+ 2 

Mg+2 

Ca+ 2 

Na 

K 
Ti+ 4 
p+5 

Mn+ 2 

7.798 
0.260 

2.217 

1.998 
0.690 

0.099 
1.545 r: 

/ 

0.022 . -' . 

.'. :0.018 
0.009 

_ r ,.
14.656 •. 

° 21.921 
OR 2.064 
S 0.015 \. 

24.000 '-, 

-

::: 

Al 

Si 7.798 Na == 1.545 

P = 0.018 8.00 Ca == 0.099 1.656 


::: 0.184 Mg == 0.012 

Al ::: 0.076 0 = 21.921 22.000Fe+J :;;: 2.217 OH == 0.079 
Fe+ 2 ::: 1.998 

::: 5.00 OR == 1.985Mn 0.009 2.00S == 0.015Mg = 0.678 
Ti == 0.022 

Unit-cell formula : 

(Ca, Na Mg) 1. 656(Mg, Fet 2,Fe+3, Ti, Mv ~ 5. OO~. ~i ,P ,Al ) 8 

(OH)24 
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Thr:; authors f ound thc-d 'Nho n the sample:; s WGrc he ated lJ.l') ove 

500°C , the main lo ss in WGi ght take s place at 500 0 t o 

600 Ge j due to the loss cf the hyd r oxyl vmt8 r. The authers 

accordingly point ed out thqt if atom ic r a tio s o f the un i t 

c e ll 8,ro c a lculs.ted u[-;ing H 0+ dete rmine d aiJove 105° C 
2

the M2 sites of t he rnnphibo l e unit - cell a r e incomple te l y 

occupi e d a n d the r e is a surp lu s of hydrogen . If c a lculR

ti on s of the qtomic r atios Qre based on H20+ c ont e n t ds 

termined a bove 570°C a ll sites in the unit - cell of the 

amphibole a r e sFltisficd . 

According to the c ontent of the unit - ce l l dctailed 

in Tab h : 36 t h e X 1)os i t ion (1"~ 4 8ite) in the structure of 
- -1

the amphibole is not sat i sfied . The H 0' c ontent of the2
samples of croci(101ite under discussion wa,3 de termined [2-t 

temIj8 r atur e s above appr oxim-s,te ly 110°C . Bel-se d on the 

expe rim8nts conduct ed by Hodgson and cO - 1Norkc rs (1965 ) , 

the de ficiencies in the cont e nt s of the unit --cell might bc 

a t t ribut ed to the excess of chemic a lly bonded water 

det,~rminec1 aoo ve 110°0. 

D ~ The Origin of the Crocidolite 

It has oe8 n po int ed Ollt ( pp . 1 73- 185) tha t ~3,soestos 

depos its in the Northern Capo Provinc e are c ommonly 

associated with r e c ognisalJ le fold-structures. Be c cm se of 

the intimate r e l at ionship b3i;ween the folding of post 

Matsap age a nd the croci rlolite depos itsj thr:.' au thor a c cor

dingly re gar ds crocido lite as having crys tallised unde r 

dyn amoIJl8 t mno rphic c onditi ons in vv'hich t ,~ nsi o n IJr obab ly 

plaY8(1 tho c ontrolling r ol e . It h a s a l so oeen po int ed 

out that the asbosto s scams a r e r~stricte d to definite 

s trat i g r aphic a l zones, a nd that thin laye rs of pyrocla s

tic rn::1te ria l are inva ri ab ly aS~30ci ate d with the asb2s tos 

r ee fs . It h as further been ,mggestod t hat the banded 

iron s t on c host - rock derived its material fr om the act ivity 

O'f submarine furnarolic exhalnt ions . 

Most of the p r evious investigators havo suggested that 

the matorial from which the crocidolit e has crystallised 

h ad originally been present i n t h e banded ironstone . 

The p r ese nt stucly c onfirms this suge;estion.- If the 

bulk of the material of which the oanded ironstone is 

c omposed is of volc a nic origin? as hew -been suggcstod 

p r e viously, it fo ll ows that t he prototype matc; rial 

from which t he crocidolite originat~d is pr ooably of 

volcanic orig in as wo ll . 
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Riebeckite j 1Nhether present as mass- fibre crocidolite j 

cross - fibre crocid olite or l a th- shaped crystals j is a 

commo n c ons tituent throughout the greater po rtion of the 

succession of b~nded ir~nstone . The mine r a l is a l so 

present in the tuffac eous band s~ where it is an accessory 

mine r a l in a n othe rwi se practically mo nomineralic rock , 

composed a l most entirely of stilpnomel a ne . These l ayers 

of tuffa ce ous materllil t he refore cerre sI'>C' nd with th(,; mass 

fibre a nd cross- fib r e seams of crocidolite in this respect 

that both type s m~y be r e gar ele d as m:"linly monomineralic. 

It is also diffioult to visualise any chemic a l process 

which eluring the time of deposition of the banded iron

stone will pe n [] i t the simultane ous precipitqtion of exact 

ly the required amount of magnes:iuTI,l., sodiuIn j iron and 

silica necessary for the eventual crysta llization of 

crocio olite ? espesially if the intermittent pre cipitation 

of silic ~ and iron i s re~arde d as the principal factor s 

which c ontrolled the a lmost perfect l amination in the 

banded ironston e . The f act tha t asbest os-bearing strata 

are r es tricte d t o par t icula r st r at i gr aphic a l horizons in the 

succession of banded ironst one , whe r e l ayers of tuf f are 

int im3.te ly assoc i a t e d with the 3.sbe st os s'2ams , pcint t o 

a s imil ;=:t r mode rd' origi n for the tuffa c eou s mcit (~rial a ml 

the m~terial frcm which riebe ckite has crysta llized . 

The l a yers of tuff a r c r egarded as the products of inter

mittent v olc anic ash- f alls in tho bas in of depos ition, 

material which may have ha_d. mo r e or less the s ame chemiC 'l l 

c ompos i t i on at every e rU I)tion . It is therofo r e SUc;gr2ste c} 

that the material from which the riebe ckite and the croci 

dolite has crystallized origi nated in the same way as the 

l aye rs of t uff . Vari ati on s in the mineral c ompos ition 

of tho l aye r s of tuff h a ve bee n indio ated and a lso the 

acicula r crys t a llization of mo r oncite , in the same manne r 

as crocidolite , in some of th8 l aye r s of t uff wh ich had been 

su'oj e cte d to c on s ide r ab l e pr essuro in 10C:-llis eeJ. a r eas . 

'rhe dc-; ve lopmcmt of the clClcula r crystals of morencite 5 

whe re subjected t o di rect ed pressure a nd the unorientat ed 

mo de of occurence in the S2.rne l aye r outs ide the inte nsely 

folded areas indicates that the vert ic a l Br owth of the 

minen;. l took place only '01h8r8 the m~;, terial in the l ayer 

had been subjected to directed pressure . fJ:'hc same applies 

t o crocic1 01ito wi th the exc eption tha t riobeckit e of 

diffe rent pe rio~s of origin a re enc ounte red . 

As indicated previously ( p .139) the riebeckite, i s 

f ound as r e l a tively l arge l a th- shaped cryst a l s , as un

ori entate d ne eell es of ma ssive rieb eckite and as slender , 
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hair- like 9 cross- fibre crocidolite . The order of crys

tallization of the three ty:pe s of ri ebecki to , 3,S obs8rved 

in nume r ous thin sections j is import ::mt and must be C 0 11

sidcrcd in an attempt to solve the pr ob l em of the for 

mation of croaidolite . 

Some previous investigators (Ha ll, 1928 and Du 

Toit, 1945) c orrectly observed th~t mass - fibre ricb eckite 

crystallizo~ before croci dolite . ThRt crocidolite ori 

ginatod through the recrystallization of massive ric 

beckite as suggested by Du Toit (1945) is , however, un~ 

likely . In this connection Cillie rs (1961 , p . 121) 

ntisod the Cluestion vvhy only some S8flTDS of Tw).ssive 

riebeckitc had been converted int o crocidolite if it 

1Nas formed throut?;h the r ecrystallizat ion of ma ssive 

riebockitc . Before attcmptinB to sketch the operation 

of the pr ocesses responsible for the formation of croci

dolits , it is nece sS0,ry to consider thc; true facts v1hio11. 

c:-m be olJservcd in '1. study of tho rocks under considor;::t

tion . 

The ro(~ks of the Lovver Griquatovm StflGe c ont(~dn 

several mine r a l s like chlorite , minnesot~ite and stil

pnomel'lno which aTe H:garded3.s relatively low- tempc;ra

ture metamorphic mincr~ls . Experimental work as well 

as fiel(1 observ'ltions made by different quthors (S I) iroff , 

1938 and Frtedm:::m1 195 4) suggest t h C",t mC":Lgw:::ti to can also 

be formed a t l ow temp~rature '-lnc'l pressur e . Since the 

m~gnetite in the banded ironstone is a cc ompanied by 

other loW- (Sr'l/1.e metamorphic mincr~~ls, 8.S mc,nt ione c1 above 1 

most of the m''l.gnetite in these;; rocks could therofore 

have formed a t r elqt ively low temperatures and could 

the re fo r e h 'J.v8 been one of the first min8rals to crys 

tallize. However) the ma GTIctito is inv:::tri~bly llor

phyrobl~stio and its r e l at ion to othe r minerals ego 
riebe ckite (Plnte XV) ind ic: ,t(~S thc;. t it crystallized 

at the srlmc time as or latGr than the riebc:ckite . 

That the ma,:~.oetite in b:'lndcd ironsto ne of Prec ::ml1Jricm 

a,c;e wZ'ts one of' the originfll constituents is not a 

universally ac cepted idea. 

Lfl Berp;e (19 6/~), for instanc 8 , is of opini on tha t 

the bulk of the magnetite in banded ironstone of the 

La ke Superior Rc;gion formed unCier conditions of l ow

Br nde , r8gion~1 met a mo r phism by oxidat i on of siderite 

a nd gree nalite . Siderite is not a n abund~nt const i 

tuent of tho banded ironstone in the Northern Region 

of the i\.sbestos Fie ld but is pr esent in quite appre 
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ciable CJx[lounts in the b~],n (12d ironst c nc of the Southern 

Region . Judging by the int ense fold i ng prese nt in 

th C? Southe rn Regioninc ontraclistinctinn with the mil d 

f o lding in the Northern Regi on, nne "liould e xpect less 

si de ri te in the f orme r r egi on if t he mc:,gnetite ori gi 

na t ed fro m siderite for ins t ance . ~s this is not the 

c ase it must be c onc lude d th,;:t the marsne t i t o did not 

originate f r em siderit e , but that most of it crysta l

lize d directly from iron hydrox ides . Crystalliza ti on 

of fe rric susp~ns ~t es contribut ed by fumarolic e xhala

tions could have taken plRCS du r inK the d i agenes i s of 

the r ocks, but tho r e l J,t ion b,;tweo n di so ri e nte d ne ed

les of ri ebe ckite a nd ma~nctite in the banded ironstone 

sugge sts that these mine r als crystallize d contempo r a neous

ly or tha t r s cryst allization of t he ma gne ti te took pl~ce 

at a l ater s t 8.{"!:e (Pla t e; XV) . 

The ri ebcckitc: laths and ne edl e s have be e n thru st 

away by t he power of crystalliza tion of t he magnetite 

a nd this h 8 S c aused rie be ckit e to r;r ow approxim2.t ely 

para l l e l to t he edge s of the magnet i te crysta l in the 

pl nne of the bedding (Plate XV) . I t shows furthe r 

thqt ri obe ckitc cryst a ls do not nec e ssarily grow at 

right an~l es t o the sur f aces of ma~ne tite crystal s as 

sugge sted by Cilliers (1961) . The 0arli e r fo r med mass 

fib re ri ebeekit o c ommonly gr c '.! IH r cJ.lle l to larninc3,l~ or 

s c r eens of mq&netito and i s Gc ne r a lly found in close 

a s sociation I/yt th m Q,{~n8 ti te . HO'N8 Ve T 9 the magnc; tite 

hn,d no direc t o ,nrinc~ en the ori c.,nt at i on c:f the ri c; 

be ckite . 

The; iroD hydrOXi de fr ')m whioh the mC1cnc t i t e 

crysta llized may als o be r egar ded a s the s ouroe of 

iron f or the f ormati on of the r ie bec k i te . In m8.ny 

thin sections (lnly v2ry srDilll Tn'J.{Snotito crystnls a re 

found surrounde d b y laths and ne edl os of ri ebo ckite 

(Pla te Y-.X) . This appar ently indio ates that most of 

t he iron a t such a spot went into tho composition of 

riebe clci to :-],Dd thr:Lt only a little., cont ribut or'l, to the 

crystalli zettion of mac;m::t i to . The riebcc kite needl e s 

pr oject from the c entra l core of a n apparent t abul a r 

crysta l 2, ml. 11 T\TC the s ame diso r de rly n.rrrmgement a s 

the fine riebec kite needles e l sewhere in the seoti on . 

La th- shape d crys t a l s of r icbc okito which ~row 

par a llel t o a m~gne t it8 lamin~ Gnd separated cross

f i bre crocic1 01it c fr om tho mC),gnf"ti t c ~l, re illustrad2d 
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in P l ute XXI. It is import~nt t o n o t e that tha lQths 

ne ar:.~~ st to the; magncti to l aminqf; :9,TC paralle l to it. 

This n ot only shows that riebec k it e does n ot nec ess2.ri

ly e;r(;w r pe ndicula r to the crystal fac es of magnetite, 

but it a lso indic ates that the lath~ shaped ri cbeckite 

crystallizod befor e the crocidolite. 

Cross-fibre crocidolitc i s often s epar~ted fr om 

the lD3.gnctit o l aminae by a thin l 'lmina of chert (Pln,te 

IX). Even the che rt recrystallized int o 2cic"l11a r 

ctuartz ? oricnt at(') c3. a t a n a ngle to tho be dd ing . The 

diroc t i on of Gr owt h of the qUClrtz cryst a l s is cL;arly 

:l)Nay f r om the magneti t o lamin3. a ncl , thi s a lso indic 8.tes 

the d ire c t i o n of gr owth of the cross-fibre crocidolit e 

which i s i n t ho sarno dire c t ion. The entire S88Xil of 

croc odo l i te c ont D.ins ('li ssE:?min?oto d r'T."l ins and crystal s 

o f magnet it e c omplete l y surrounded by need13s of crodi

c101ite growing in one d irection only. The write r i s 

of o pinion th::,.t the disseminqtcd mar;n c tite in the crc 

cidol ite ve in r epresents the e xc es s of iron which r e 

mained qft a r tho crystallizatio n of the crocidolite. 

If t h is i s t rue the Tn 8.gneti to ory~cltalliz8d c on tompora 

ne ous wi th , as iNc ll r i.S subsequent t o the riebe ckite. 

The gr mvth of a c icular crystals perpencUcula r t o 

the bedd in~ of t he banded ironstone i s not r e strictcd 

to croci~ol it8 a l ene . The grov\Tth c;f minncs o t a it e across 

the b :unrb,ry b etween 0, domina ntly minncsota i te - bearing 

l am ina ;).n c'1 a chert lamina ,-md 'It ri ght ::1ngl es thercto is 

illustrate d in Plate X. 

Fr om the foregoin~ it i s sug~ steel that a ll rie 

becki t e i n the brmcled ircms t one originat ed unde r c o n

o itio n s of n~ gi o n "~l m'2tamor:tJhism. Mqss iV8 riebe ckite 

a n d t abu12 r riebe cki t13 crysta llizer1 during tho early 

s t agG s of mild c18 fo r mc:ttion, When di r ected pr essure wa s 

st ill ne glig i b l e :~.nd when l ocvl c ould hn,ve oont ribut ed 

to the cryst a llizat ion of the ri ebe ckit o . Ts.bular 

rieb e ckit c mos t p r obab ly crystallize d before the u n

ori e ntated crystal s of mass - fibre riebeckit c a nd g r ew 

essentil,lly p'~rallc l t o the beclding' p l a n.; s of the 

banded ironsto ne (Plate XXI). As d irected pressures 

i nore8sec1 (i,r:::tduC'clly over ;"'). l ong })c ric d of time, mo.ss 

f i b r e riebeckit8 crystqllized 9 c ommencing f rom iron-

rich spots . With a still further incr(~J,s c in t h e 

intenSity of ( i r o c ted p r essuros buckling of the banded 

ironstone t o"k p l:J.c e ~n cJ. tension 'll condit i o ns at ri ght 
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angl e s t o t hee; (}irection of prr.~ssuro ,G';radually built 

u p , e speciRlly in the cres~of a nticlines a n d the 

troughs of the sync line s, ~nd the rie bGekit ~ started 

t o [~r C; "N in the: (''L ireetio n of maximum tensi on I,vhich vn"1S 

chi e fly in a vorticRl 0ir oction. 

crystalliza.ticD c ontinue d :; s light movorn-:; nt of anj Rc c nt 

b ed.d in~2:-pl 3,n8S tuck 1)1 (~c8, di r~~cti c ns of ten s ion gra

c'tu.'1l1y ch-=:tn{';or] Rnd tho cr() ci c~u ltt c fibre s l owly OeC aITIG 

() rtcnt atc~ ~ r'.Pl)r oximately paT:J. llcl t o the ~-:\xi .::l l plan.:: s 

of t he f o l ds . 

It is the r ofore su g~c sted th2t, p rovid8d the proto 

type mat c· rL1.l fTom which croc ido lito ori{dnat;2d is 

prese nt, the mine r a l c a n be expect t o form under the c or 

r ect te nsion a l conaitioDs , simila r t o the c rtgin of 

chrysoti18 ?six; stas as sugge ste d l)y V:J,n Bilj on (1964 , 

:p . 666) . 
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x. - Su mmary rmd C::mclusi ons . 

1 . Ban~e d ironstone, the hest - r r ek of crocidclite 

depcsits in the Northe rn Cape Province, constitutes 

the l owermost IJertion of tho Lc,\'wr Griquatown Stage ~ 

Pretori a Ser i es ~nd is exposed over a d istance of 

a bout 300 mile s alcng strilw in '. north- south d irec 

tien . 

2 . The b a n de d irons tone i s we 11 be dd(-j d a nd 2v 8nly 

l amina t ed . Below the zono of oxid a tion it is composei 

mainly of a lt a rnating l~minae of che rt a nd magnetite . 

Stilpnomol a ne, minno sotai tc j cQrbonRtc) a nd riebeckite 

also form sep8.ra te l am i n:l..o , but Clr e less common than 

chert a n d magnetite . Laminae composed of mixtur2 s of 

those min8r~ls a l so exist . 

3. Sc ams nf cross- fibr e crocidolit o ;'}T2 restricte d 

t(, pClrticuLlr st r 2.t i graphical horizons . The fibre 

is c cmmonly orient a ted pe rpe nd icul~r to the bedding 

of the bqnduc1 ir()nstnm~ , in some plac es ~lightly in

clined qnd in ~ few pl aces 2.1most parallel to the bed-

dine (slip-f i1)rc~) . 1\.11 croc id olito d cpo s it s of ec on\) 

mic significance, known ~t present in the Cape PrOVince, 

':tY"; T(";strict ·."d to the B'1nclcd Ircns tc1ne SubstRgD'l.nd the 

We storlY:rg Bee s which succeed thc::: b r:mr'l.cd ircnstone in 

the Southern Region . 

4 . Numerous thin l a yers of pyro c l as tic material 

(tuff) ~r~ int o rcal~te ~ in the banded ironstone and 

a re e s pe cia lly ab und ::mt in the str;'t,l cornposin{cS the 

asbestos- b ear i ng zones . 

5 . Exc (c;p t f or the pn; senc e of r e e op,ni sn.ble volcEtnic 

rock intirr~tcly a ssociRted with the rocks of the Lewe r 

Griqunto'm Stn.ge, indic.l.tions of four :lClditi un:)l cycle s 

of volc~nic ~ct ivity a re found in t he Transv8al Syst em . 

':rhe wri t (;I' ;;.cocr d ingly C8.me to the c onclusion th~:, t 

v olc anism h a s played q far more important r ole in the 

consti tution of the rocks of the Lower Grlqu:j.town St'~g8 

than h '). s been surmise d hi thorto . It is believod th~t 

the h::1.nded irnnstcne b 2. s been formed from Il'l:ltc ri :-J.l 

de r i ved fr om submRrinc fum 'Otr olos 9.n d th 'l.t the bulk of 

the m~ter ial w~s prccipitn.te~ chemic ally under the 

influe nc i" r)f crnnging l-lhys ico-ch 2mic F).1 c on(1 i tions 

dependent t c (t l :CJ. r ge extant on the exh~lL:;.t i ons them

selves, in the b~sin of deposit ion. 
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6. Economic a lly impo rt~nt deposit s of crocido lite 

q ye !:lss()ci ;:>, t ed \;;l i th r ec ognis :1.bl e fo l d- structures, corn

manly re pr e sented by mo n oclines Rnd doubly plun ging 

synclin:::s . The folds are r elated t o the post - ,· tsap 

pe ri od of crysta l def ormation Rnd the fo lding is 

c l a i m2 c1 t o lFlve hs,d. 8. cl.irec t influc nc t) on the origin 

of the c rociQo lite . 

7. In the b~nded ironstone themse lve s ri cb eckit e 

f or med"1s l qth- shaped crys t !lls, '"". s intric 8.te ly intr.:~r

woven needl es (ma ss- f i bre croc i dolite ) a nd ~s cross

fibre croc i lit e . Microsc opic a l stud i es showed tha t 

the nee dles of riebe ckite cryst alli zed e fore the cro

cidolite . I t i s sUe Ge stcd t ha t the unorienta t ed 

nee dles of riebeckit e crysta l lized during the ve ry 

~ arly staGG of fo ldin~ when l oad w~s t he c cntrolling 

fac to r, "1n(3 SUI)}Jlied he8, fo r the cryst:l11iza tio n of 

the prototype m·, t e ri i), l into riebcc kite 3.n(1. crocidolite . 

The crocidolite crystallized aft e r ri ebeckit e under 

the appropria t e c ondi tions of t ens i on, b r ou ght a bout by 
an increase in directed pressure. 

8 . The write r is of t he opinion t h a t the close ass o

cia ti on c f l a yers of pyr ocl"1st ic m:<..tu ria.l ::mel S8G.ms of 

asbestos is ~n indi c a ti on of the ori gin of t he pr ot o

type m:<..tc rirrl f r om which the ~sb us t os crystallize d . 

The ma te ria l wa. s l)rohab ly 2" v nlc:mic a sh.of a l)'::;,rticu l a r 

chemi c !?,l c onrpos i t i on, d i s tinctly sodium-rich . 

9 . Se vc:r::tl conspic c: ous laycrs'j.r(~ prese nt in the 

Lowe r Gr i qu8.tnv rn St'l.gc north (if Griqur~to1{\m. Th r3 se 

1Je ds scrV8J.S v :::11uA-b l e WlTke r s in the s (C!2rch for new 

deposits of crocidolitc . They a r e r estricted to 

pa rt iculqr str1.ti r3r a ph ic a l h oriz ons in the same way 

:1S t he crocidolitc-benring be ds a nct OD,n therefore b e 

u sed '~, s rlC1tum-levels, wh2n bore - h c l e s f or prOslJect ing 

3.r e drilled . If the v ertic al d i st~nc8 betwee n a 

marke r-b e d ~n~ a pa r ticula r asbesto s-bearing z one or 

zones is known, the depths of bore -holes can be c a l 

cula t ed in fV:V'l.nCe in or de r t o ma k2 sure th,.".t the 

asbestos zones a r e pe net r~t3d . Imp orta nt depos i ts 

of c roc idoli t ic; h"'v(; be cn mis c.:;c (1 o'viD{~ to the i nade qu :'~tc 

dep th of pro srccting bore-hole s, the C8.U8 8 of 'l1hioh 'N fl C':; 

c h i e fly a l Rck of knowle d~c of the gene r a l strati

gr a lJhy of the Lowe r Griqu 'J.town Beds, the c h~~ract e ri s

t ic .s of Tw'orkc r--rJed s a nd the ir f3t r a tlgr ph i cn.l di stri

buti on i n thu succ ess i on. 
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10 . Ge ol or;is t s at t:whecl to :J soostos c lHnpn.nies in 

the No r thern Cape who h ~ve rec ogni sed the r e l a ti on ship 

oe twe e n f a l ding a n d tho distributio n of asbesto s de -

IJosits h '1v(; IF':. O .';, high degree cf succ e ss in l oc a ting 

n(3 W c1 e p o sit s 0 
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