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ABSTRACT 


The areal and stratigraphical distribution of 
crocidolite-bearing strata in the entire Asbestos 
Field of the Northern Cape Province is described. 
Crocidolite-bearing zones are restricted to definite 
stratigraphical horizons which can be correlated with 
one another over relatively long distances. There is 
a pronounced increase in the total thickness of the 
Banded Ironstone Substage, host to the crocidolite 
deposits of economic importanc e , from the northern to 
the southern portion of the Cape Asbestos Field. 
Owing to the over-all increase in the thickness of the 
beds the vertical distance between individual crocido­
lite-bearing zones increases considerably towards the 
south. 

The development and concentration of crocidolite 
in the different zones differ laterally, but economical­
ly the most promising zones in the northern part of the 
Asbestos Field are found towards the upper portion of 
the Banded Ironstone Substage which constitutes the 
lowermost substage of the Lower Griquatown Stage~ In 
the southern portion of the Asbestos Field commercial 
deposits of crocidolite are located in zones which 
are present near the base, towards the middle and near 
the top of the Banded Ironstone Substage, respe ctivel 

v 

Crocidolite deposits of economic significance ar~ 
r estricted to structurally deforwed localities, but 
the intensity of folding in the southernmost portion 
of the region differs conspicuously from that in t ~e 
n orthern portion. From investigat i ons c a rried out in 
the field a nd in the laboratory the author concludes 
that the banded ironstone with which deposits of 
crocidolite are associated origina,ted from the chemical 
precipitation a nd mechanical deposition of material 
derived from volcanic sources. Intercalations of pyro­
clast ic material in the banded ironstone have been 
recognised for the first time. 'Ilhe mate ri a l of which 
the bands are composed probably represents volcanic ash. 

The relation betwe e n the folding and the distrib1x':;i 0 TI 

of crocidolite deposits is pointed out and it is con­
cluded that the crocidolite was f o rmed under regional 
metamorphic conditions which prevailed during the post­
Matsap period of crustal deforma tion. It is suggested 
that the parent-material from which the croci dolite 
crystallized was originally present in the banded iron­
stone host-rock and that this material could have had 
a n origin very similar to that constituting the l aye rs 
of pyroclastic material. It is believed that croci­
do lite crystallized aft e r the crystallization of the 
mass-fibre riebe ckite; the riebeckite chiefly under 
the influence of load and the crocidolite under the 
correct tension conditions caused by directed pressure. 
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I. Introduction 

The history of crocidolite in south-Africa dates 

back to the years between 1803 and 180 6 when a German 

geologist, H. Lichtenstein, on an expedition into the 

Orange River valley, came across an exposure of asbestos 

ne a r Prieska . The lavender-blue colour of the mineral 

contributed to its first na me viz. 'iBlau-Eisenstein" 

(Sinclair, 1955). Several years later, in 1831, the mine­

ral was re-examined by Stromeyer and Hausmann, who pro­

po s ed the n ame crocidolite, t he n ame by which the mineral 

is still known today (Sinclair, 1955). Crocidolite is 

named from the Gre e k word ,,,,, '(· i.. ~ $ (na p or pile of cloth, 

generally; "a piece of wool"). 

Actual mining of crocidolite in the Cape Province 

commenced in 1893 when the Cape Asbestos Compa ny, v,rhich to 

d a te still operates in the area, ac~uired surface- and 

mineral rights on a portion of land at Koegas in the Prie s ­

ka District. In those early days of crocidolite-mining 

the mineral was chiefly recovered by Coloured inhabita nts 

of the present Hay a nd Prieska Districts. The Coloureds, 

working in independent groups on a contract basis, sold 

the asbest os recovered by them to t h e Ca pe Asbestos Com­

pany. The mining method s applied at that time were r a t h er 

primitive a nd embra c e d the exploitation of numerou s small, 

isola ted surface-e xposures o f non-oxidised fib re by pick 

and shovel. Indiv idual deposits were mined to a limited 

depth only and the ma terial recovered was hand-cobbed to 

separate the f i bre adhering to the banded ironstone host­

rock. The i'cobs" were t h e n sold to the Company. 

The contributors who were responsible for their own 

discoverie s of new expo sure s of crocidolite t ravelled f a r 

and wide in their hunt for new and more promising deposits. 

They fina lly traced crocidolite expo sures from Koe gas 

southwards to beyond Prie ska and a lso to the north towards 

Gri~uatown a nd Kuruman, many miles from the original point 

of di s covery. Evidenc e of their exte nsiv e wandering s and 

prospecting activities is reve a led by the numerous s h a llow 

pits andeX~yations which toda y are found along almost 

the entire range of the Asbestos Mount a ins. 

As time pa sse d the inc re asing d e ma nd for a sbestos 

f ibre called for the gra dual impr~vement of mining me tho d s 9 

ore tre atment and the discovery of l arge, individual 

a sbestos deposits. Shafts we re s unk and underground 

mining for asbe s tos commenc e d on a sys tematic basis. Under·­

ground pro s pecting was c a rried out e xclusiv~ly by 

dev e lopment a long a part i cular asb e sto s -beari n g 
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reef * and the stoping out of the entire fibre-bearing 

zone followed as development progressed. Because the fibre 

is commonly found in localised pockets the miners often 

ran into barren or unpayable ground? on which occasion 

prospecting drives were put in in different direct·ions in 

the hope of locating anoth2r payable pocket. This manner 

of prospectin~ often led to a protu.sion of tunnels running 

in every conceivable direction and the large number of 

apparently unnecessary drives which are found today in 

many of the older mines bearstostimony to the general un­

predictable behaviour of crocidolite deposits. With the 

later incorporation of surface-drilling? firstly by means 

of jump-drills and lately by air-drills as well as diamond­

drills, crocidolite deposits could be delimited and mining 

lay-outs could be planned before actual mining commenced. 

Today several large mining companies operate in the 

entire area in which crocidolite is known to occur. Amongst 

the companies are the Cape Blue Mines (Pty.) Ltd.? the 

pioneer company in the blue asbestos field, the Griqualand 

Exploration and Finance Company Ltd., the Kuruman Cape 

Blue Asbestos (Pty.) Ltd., Wandrag Asbestos (Pty.) Ltd., 

Danielskuil Asbestos Company Ltd., Dublin Consolidated 

Asbestos Mines (Pty.) Ltd., and the Glen Allen Asbestos 

Ltd. Lately a new group in the crocidolite field? 

Merencor Asbestos Mines Ltd., investigated an extensive 

area some thirty miles north of Kuruman and opened up 

s everal promisinp deposits of crocidolite. Apart from 

these bigger mining concerns there are a lso a number of 

smaller syndicates operating in this field j most of whom 

are contrioutors to one of the larger companies. 

Techniques for the location of new crocidolite de­

posits have rapidly improved eluring the last decade. 'Hhe rG 

formerly outcrops of crocidoli te 'Nere virtually regarded 
as the sale indication of possible fibre deposits at 

greater depths, attention is at present also focussed on 

certain geological structures which are associated with 

crocidolite deposits. The continuation of seams of cro­

cidolite to great depths, not so long ago regarded as 

quite improbable, has been proved by drilling and deep­
level mining at a number of localities. 

Because of the diversity of present the ories regarding 

*The mineral occurs interbedded in banded ironstone 
and a single interbedded layer of asbestos is generally 
referred to as a seam or less often as a band of fibr e . A 
group of closely spaced fibre seams that can be mined 
together as a unit is referred to as a reef whereas a 
group of reefs occurring close to one afiCi"'ffier, but separa­
ted by barren rock of varying thickness, is referred to as 
a zQne. 
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the origin of asbestos and the differences of opinion 

as to whether the crocidolite deposits are associated with 

certain geological structures or not, the writer commenc ed 

an investiga tion of the crocidolite deposits in the 

Northern Cape Province in May 1963. 

The purpose of the study was to thr ow more liGht on 

the mode of occurrence of crocidolite, the origin of the 

asbestos, the structural associations, i f any, the mineral­

ogy of the host-rock and the estimation of ore-reserves 

where possible. 

The pre sent invc:~ stigation included the study of in­

dividual crocidolite deposits in the ma jority of asbestos 

mine s which are be ing ope rated today in the entirR Northern 

Cape Asbestos Fie ld. 

To fulfil this purpose detailed underground mappinc 

ViaS carried out in two of tho opera ting mine s in the Kuru·­

man a r ea, viz. the Depression (12 ) and Eldoret (HI) asb e s ­

tos Mines .. Owing to the restricted underground deve lopm8nt 

in the th8n nevv mine on Sldoret the complete stru.cture 

with which the a sbestos deposit is associated could not b e 

unrave lled. Attention wa s also given to the Warrendale 

Mine located on Botha (M2) and the Glen Allen Mine ( R3) 

ne a r Prie ska. Availa"bl e detaileo. underground plans of 

thes e two mines and a detailed assay-pla n of the old por­

tion of the Vi arrc;ncL11e Mine helped considerably to demon­

strat e the r e l ations between geological sttucture s and 

economic deposits of asbestos. In addition to the work 

c :=trriod out at the mine s me ntioned above, a dditional unde r­

ground obse rvations were also made at the following asb e s ­

tos mines in the Cape Province: Pomfret no. 2 Mine (134), 

Bute Mine ( 0 2), Korctsi South Mine (HI), Riries Mine (II), 

England Mine (II), White Rock Min8 (11), WhitebankMine 

(12), Owendale no. 2 Mine (M2), Groenwater Mine (M2), 

Blacl\: Ridgc Mine (03) and thc!Nest e rberg Mine ( C2). 

Other mines 1ii!hich we re not in ope r a tion during th r3 

course:; of the invc stigation or which 11a(l 1t c(;n worked out 

in the pa st W8rc also visited and supplied valuable infor­

mation. They include the Cairn Brae Mine (S4), Nauga 

Mine (R2), Buisv12i Mine (R3), Orange Vie w Mine (Q3), 

Geduld Mine (R3), Erfrus Mine ( Q3) , Kameelfontein Mine (Q3), 

Kle in Naauwte Mine (Q3) and the Stofba kkie s Mine (R3), 

all of which are located in th~ Southern Region . 

Thc investigation further included the study of the 

rock types constituting the diffcTr.."! nt substag8s of the 

L01fver Griquatown Stage in the fi e ld. Spc; cial attention 
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was give n to thc, rocks of the Banded Ironstone Substage, 

which is the host-rock of all the economic de posits of 

crocidolite e xploited in this field. 

Prior to this investigation various members of the 

Geological Surve y had carried out dE: tailed regional ma pping 

in large portions of the area in which the Lower Griqua­

to'wn Beds arc expose d. Ge ological maps of these areas 

were available during the present study and expedited thf~ 

investiga tion. Bore-hole results and drill-cores werG 

obtained from severa l of the asbestos companies ope rating 

a t pr e s ent a nd provide d valuable information with r e gard 

to the v e rtical distribution of asbestos-bearing zone s in 

the Bande d Ironstone Substa ge as we ll as the distribution 

of mineralogically different f acies of the b a nd e d. ironstone , 

For the regional study of the diffe rent rock-types 

constituting the Lower GriCiuatown Stage it l.'l a s nec e ssary 

to do reconnaissance work in thos e are a s which had not 

be e n r e ma pped by the writer himself. Some of the areas 

where only reconnaissa nc e work was done were recently 

remapped by members of the Geologic a l Survey and by l\Ir. 

P.D. Fockema, g@ologist of Griqua land Exploration and 

Fina nce Company Ltd. D,nd include most of the stretch of 

country betwe e n Danielskuil and Pomfre t a nd around KO Cg'l,S . 

The writer carried out regiona l geological mapping in the 

Danielskuil area, in the area immedia t e ly north of Gri­

quatown and in the a rea betwee n Griquatovvn and Pricska ; 

a tot a l o f more than 1,000 squaTE3 miles vI/as mapped. 

Spe cia l a tt ention wss give n to the a r eal distribution of 

marker-b e ds a nd the a~bestos-bc;arin : zone s. De tailed 

measurements of the width a nd the vertica l distribution 

of the asbestos-bearing zones we r e carried out a t severa l 

loc a lities whereas in others the vertic a l distribution W:J.S 

c omputed from bore-hole results obtR..incd from priva te 

companie s. 

The study further include d a miner~logical investi­

ga tion of many spe cime ns of the b a nded ironstone a nd t h e 

associated crocidolit e . Microscopical, X-ra y and diffcrGn­

tial therma l studie s were carried out on the specimens. 

A. Loc a tion and Extent of the Area 
= ... -

Crocidolite in the Ca p ? Province is a s s ocia t e d with 

the sediments of the Lower GriquRtovm Stage of the Pr (~ t o ri :1 

Series 1 Transvaal System, in which the mine r a l is found 

as interbedded, conformable cross-fibre se a ms at dif f(? r cnt 

stratigr2.phic ."?l horizons. Being confined t o the lovve rm o s t 
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stage of the Pretoria Series in the Cape Province, economic 

deposits of crocidolite are found sporadica lly over the 

cntire area covl';re d by the se rocks 9 the areal distribution 

of which is shown on the accomp~nying m~p (Fold e r 1). 

The arca in which the crocidolite-bearing rocks a re 

found i s bounded on the west and the east by longitudes 

22 0 151 east a nd 24 0 15 1 east , respectively and on the 

north and the south by latitude 25 0 40 1 south and 30 0 00 ' 

south, respectively. This area embraces parts of the 

Divisions of Prieska 9 thy 9 Postmasburg, Kuruman 31ld Vryburg 

a nd men.sure s some 300 mile s in :J. north-south direct ion, 

C omme nc ing some 20 mile s south of th(~ township of Prie skJ., 

~nd extending northw~rd towqrds the border b e twecn the 

Republic nnd Botsw;:mq about 130 mile s north of Kurum8,n 

(Folde r 1). The stretch of l and covered by the Lower 

Griquatown Beds reaches its mrlximum e'o'.st - west dimension 

between Niekerkshoop ('"nd Grio...u<1town in the southern r egion 

whe re it me asure s some 50 mile S :'icro ss (:Poldcr 1). 

The crocidolite-bearing formation is exposed as :'m 

almost continuous belt of hilly r'1.nges from south to nor th . 

Outcrops of the rocks a re excellently exposed in the 

southern portion of the b elt, but f rom about 55 miles 

north of Kurum~'.n tow"lrds the northe rn extremity of the 

qrea extensive portions of the Belt a re covered with 

r ecent, wind-blown K~lahari s8,nd. 

In the Friesk~ area the most southerly outcrops of 

the crocidolite-be~ring strat~ 8,r 2 exposed on Doorn- Berg 

Fontein (S4), loc nt ed some 23 miles south-south- east of 

the village of Prieska . From this point the belt trends 

north-north-we st to beyond We ster berg (02) which is 

loc a ted on the southern bank of the Ora nge River. The 

outcrops of siliceous a nd ferruginous rocks form a con­

spicuous r cmge of hills known as the Doringbcrg Range . 

Crossing the Orange River tow~rds the n orth and the cast 

the be 1 t continue s northward: fJ,S a serie s of hills tr(~nding 

north-south a nd is known :J.s the Asbestos Mountains in th3 

Hay District, i.e. south and north of the village of 

Griquatown , and as the Kuru.man Hills in th e: vicinity of 

the village of KUrulWLD . 

The Asbestos lViountains'lnd the Kurum :=m Hills r epr e­

sent the eqstern fl~nk of a series of shallow, doubly 

plunging synclines sep '1r'3_ ted by gentle ant iclinal a rch8 s . 

The axes of these structures strike a pproximately par 8.11e l 

to the trend of the r 2nge of hills . Andesitic lava of 

the overlying Middle Griquatown St8.ge is preserved in th(~ 

troughs of the; m:'1.jor synclines vlhereas thG underlying 
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Dolomite Series is exposed a t a numb e r of places on the 


eroded cres ts of the gentle a rches . 


Owing to r epeRted synclinal ~nd ~nt iclinal f o l d ing, 

combined with the distribution of the ove rlying andesitic 

l s.v 8. , the b e lt of Lowe r Griqu8.town r ocks e xtends n nrth­

wa rd s from ~ point west of Griqu Rtown, as t wo sepa r a te 

bra nches of vari ~ble length and breadth . The westerly 

brmch which r eprese nts the I.~es t e rn fl,nk of the Ongc luk­

Witw8.t e r syncline e xt e nds n orthwa rd t o (:1, point ab out 22 

miles south- west of Postmn sburg (Folde r 1). The northe rn 

e xte nsion of t his br, nch is e xpos ed in tho imme dia t e 

vicinity a nd to the east of Postmasburg from where it 

continues northward to morge with the eastern belt s ome 

16 miles north-e~st of this t own. Not f a r tiorth of this 

point the r a ng e of hills ag::l in s e para t es into two bra nches , 

the we stern branch r e pre senting the we~tern fl [mk of the 

Dimoten syncline . 

The e ast e rn bra nch f orms 0, continuous b e lt of high 

ground from south of Griclu a town to about 50 mile :5 north 

of Kuruman where the topogr c'tphy fl a tt e ns out and tho r ocks 

of the Lower Gri qu a t own Stage a r e c overed over l a rge 

stret che s with wind- blovm sand . Fartho r n orth in the 

e nvironme nt of Heuningvlei '"md 8,ga in in the vic inity of 

Pomfret the S8 cLime nts o f the Lov-vcr Griqua town Stage build 

a serie s of l ow hills which rises as a distinct f e8,tur c 

above t he surrounding f8atureless, sand-covered plat2au. 

East -north- east of Pomfret outcrops of these sediments 

a r c sporadically e nc ounte r ed until the bord e r of Botr:H" ':ma 

is reached . 

Depo sits of crocid olit e a sbestos of economic imp or­


t anc e are fcund a t s e v e r a l c entres throu ghout the e ntire 


a re a occupied by the r ocks of the Lower Griquatov~m Stago .' 


The best knovm and s o f a r the most promising deposi ts a r e 


l oc ate d in the a re a north a n d south of Prieska , including 


the Weste rbe r g, Koegas j Glen Allen a nd Cairn Brae mines, 


south of Dan i e lskuil j between Da nielsku.il a n d Kururn3.n, 


f immod i CL t e ly west and n orth of Kuru,ma n, the a r ea a round 


Heuningvl(~ i a nd the Pomfr e t a rea which i s the loc a lity 


situated farthest north? where crocidolite a sbesto s is 


b e ing mined. 


Owing to the r e c e nt fluctuat ions in the market pri.ce 


o f crocidolite and partly as a r esult of insufficient 


res e rves of asbestos or the 10 \.'/ grade of the available 


m8,teriRl, seve r a l smqll crocidolite mines in the Northern 


Cape Asb es t os Fie l d were closed down during the pa st t wo 
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t o thre e years. Bec :::~us e of this the numb e r of operating 

mines in tho Priosk a area is limit e d to thre e only, viz. 

the We ste rb e rg (Q2), Ko e gas ( Q2) and Gle n Allen Ivli n8 S (R.3) 

(Folde r 1). 

Until about a ye a r a go mining of crocidolite in the 

Griquatown a r e a was in progres s at the Bla ckridge mine ( 0.3 ) 

located some .38 mile s west of Griquatown. Mining ope r a tions 

at this centre have ceased since , with th(~ r e sult tha t n o 

operating mines are located at prese nt in the Griquatown 

area . 

In the a r ea immediately south and W(~ st of Daniclskuil 

and north-east of Postma sburg some five asbe stos mines a r c 

at present in operation. Thes e minos are located on the 

farms Ouplaas (L2), Owendale (M2) and in the old Groc D'.va t e r 

Native Reserve (M2) near Postma sburg. The Warre nda le mine 

situated on the farm Botha (M2), ab out 14 miles south­

south- west of Danielskuil has closed down r r,; c ontly. 

Mining activities for crocidolito asbestos in the 

a rea b otwoo n Da nie lskuil a nd Kuruma n a re a t pre s 8nt c on­

c e ntrat ed on the f a rms Gre yling (lltn. of Bolham, K2), 

Bre tby (K2) 9 St rclly (J2) a nd Bost'll/ell (Ptn. of Bestwood? 

Jl) . The latte r f a rm is situated c n the wc;st o rn limb of 

the Dimoten syncline whereas a ll the others a re l oc a t ed 

on the eastern belt of tho Lower Griquntown Be ds. 

The Kuruman a r ea which stretches fr om about 7 miles 

south-west of the t own to some 30 mi18s nort h -west thereof 

includ8s several opera ting mines a nd is tod~y probably 

the biggc st croc i dolite-produc ing Rron in the Cn.pe Provinc e . 

'Nell established ::csbestos mines a r e loc a t e d on the f8..rms 

Asbes (12), Whiteba nk (12), De pression (12), Riries (11), 

Mt . Ve r a (11), Engl~nd (11); Eldoret (Hl) ~nd Koretsi (Hl), 

the latt e r farm b e ing located within the Lowe r Kurumc-w 

Native Reserve. A shaft has r ecently be on sunl{ on the f:t r m 

Ettrick (11) to st ~rt with the developme nt of a n a ppa r ent l y 

promising n e w mine . 

On the f 'lrm Amy's Hope (Fl) located not f a r n orth !) f 

Tsineng (G2 ) p 'lyable deposits of crooidolito fibre have 

b oe n proved by drilling a nd mining on one portion of this 

farm is a lready in progress . Between this point and the 

next ~ at the But e Asbestos Mine (C2), locate d in the 

Heuningvlei area fA.rthe r north, no operating asbestos 

mines exist today. The Bute Asbestos Mine is the only 

operatinf mine in the HlJuningvlei area. 

The crocidolite asb estos mine loca t ed f a rthe st north 

in the Nort hern Cape Province is the Pomfret Asb e st o s Mi ne 

(B4) si tUClted on the f a rmb e g.ring t he S~lm E: n~me . Cr_oci(ln­
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lite has a lso been mined on the f 8.. rm Const2.bl e (B3) in 

the vicinity of t ho Pomfret Mine r~, ncl. futur e explora tion 

c ould well prove p:s:., YFlb l e croc i do lite deposits in the 

environment . 

Exc ept for thos e c entre s where crocidolite mine s exi st 

tod'-'c Y, mining of "tUd prospecting for t h is mine r 8, l during 

the pa st were c 'lrried out i:t t a l o..rge numbe r of l oc a lities 

in the Northe rn Cape Provinc e . To indicate the wide dis­

tribution of crocidolite in the Lower Griqun. t own Beds a 

list of crocidolit o-bearing loc alities ha s b ee n c ompiled 

fr om av a ilab l e sourc es of inform2,ti on Qnd the f ?crm name s 

a r e give n in Table 1. The inclus i on of n. particular 

loc alit y in the list does not nece ssarily imply that 

crocidolite i s found in economic Quanti ties at th[l t l oc a ­

lity. 

TFlble 1. - Crocidolite-bearing l ocalities in 

the Northe rn Cape Province 
i ... S ==== 

Dist rict LOC8.1ity Remar ks 

Prieska Asbestos Ree fs Ptn. of 13 miles SST.:: of Pri('s ­
Ke1kams Poort Pr Q 2- 2 ka 

Br n.kpoo rt Annexe Ptn. of 6 miles N. of Prie sk~l. 
BT":tkpo ort 0 . 363 

Buis Vle i V.W. Q 9 - 19 10 miles Nii..: of Pri esk'1 

Enke lde wilgebcomf on­ 10 mil es NNW of Prics­
t e in 0.347 ka 

Geduld, Ptn. Middel­ 14- miles J\TW of Prieska 
water Pr Q 1 - 34 

Ge c lbeksdam Ptn. Riet­ 14- miles E of l'Ihrydalc 
fontein V. W. Q 8 - 15 

Glen Alle n Ptn. Bu is 10 miles ViNYl[ of Prie s -
Vle i V.W. Q 9 - 19 ka 

Ka lkfonte in Pro Q 3 - 14 miles NVJ of Pric; 8 ­

11 (Ni'lugn. IVJine) ka 

Keikams Poo rt Pro Q 14- miles SSE of Pries ­
2 - 2 (C a irn Br ae k.:l 
N;: inc) 

Kliphuis o. 359 6 miles N of Pricska 

Kransf ont e in o. 358 8 mile s NNE of Pries ka 
Lovedi:tle Ptn. Prie ska 18 mile s S"'2 of Pri cskA. 

Poort V.W . Q 6 - 1 

Middc lwa t e r Pro Q 20 mile s NV:! of PriGs k 8. 
1 - 34 

Naauwgekneld V.W. 8 mile s NW of Prie ska 
Q 6 - 9 

Nau ga V. 'N. Q 6 - 3 22 miles N'N of Prieskcl. 

 
 
 



-9­

:District L()co.lity Remarks 

Prieska Orange View Ptn. 13uis 16 miles NNW of Pries­
Vlei V.W. Q 9 - 19 ka 

Prieska Pe art V.W. Q 7 miles WSW of irieska 
6 - 1 

Pricska Town L:mds 

Pr. P. 1 - 9 


Redla.nds Ptn. Keikmns 20 mile s SSE of Prie s ­
Peart Pr. Q 2 - 2 ka 

Riverside Prieska Town 5 miles W of Pricska 
Commonage Pr. F 1 - 9 

Rooidam Ftn. Karabe~ 7 miles SSE of Prieska 
Pr. Q 1 - 6 

Stofbakkie so . 360 3 miles N of Prtcska 

Westerberg Ptn. Riet­ 14 mile s ENE of M'J.ry­
fontein V.W. Q 8 - 15 ds,le 

Wilgebooms :DRill O. 348·· 12 miles N of Prieska 

Zaragabie Pricska Town 4 miles W of Prieska 
Commcn:'1ge Pr. F 1 - 9 

Hay Avo ndrust 0 10 8 miles SW of Gri­
quat own 

Bla1.uwb oschkuil 380 12 miles NE of Niekerk:;­
hoop 

B l ~.3,uwb oschpoort 349 9 miles SSW of Nie­
kerkshoop 

11 miles S~ of Nie­
kerkshoop 

BL-wkrtdge 193 38 miles VI of Griqua­
town 

Breckenridge 192 38 miles W of GriqU'Cl. ­
town 

Bultfontein 327 8 miles SE of Koegas 
Cons nltdated 210 36 mile s 'iv]\fN of Gri­

CluatO\vn 
])orad,-=>. le 9 6 mile s SVl of Griqu3,­

town 
:Durandt S8 P: l,n 55 4 Iil iles NNN of Griqu <1­

town 
:Duttseput 53 10 miles NNVI of Griqu8.­

to"vvn 

Elandsfontein 395 17 milcs SSlii{ of Gri­
quatown 

GriQuatown Town La nds 

Groot :Doorn 9 mile s SSW of Griqu:], ­
tovvn 

Gro ot Nanuwte 339 5 miles SIN of Niekerks-­
hoop 

Hopefi e ld Estate 16 miles "- .N of urlqua­
o 551 ond 0 552 tovvn 

Hounslo\',1 323 2 mtles NW of Koe g elS 

Kafir Kro1.ns 379 8 miles NE of Niek r:: r ks -­
hoop 
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District Loc a lity Remarks 

Hay Kamcelfontein 338 13 miles SW of Niekerkshrop 

K:.uncelpoort 368 5 miles SE of Niekerkshoop 

Klein Naauwte 346 15 mi l es SW Df Niekerks­
hoOp 

Klipfontein 381 12 miles NE of Niekerkshoop 

Klipnek 132 13 mile s NE of Nieke rkshoop 

Koegas 324 30 miles W of Niekerkshoop 

Krans Hoek 396 14 mile s S:.;./ of Griquat own 

Kwakwas 318 5 mile s r-rE of Koe gas 

Le e lykst 8,~l,t 320 7 mile s r-m of Koe gas 

Lecuwvlci 553 21 mile s NNE of Griqu9,t ovm 

Lockshoe k 567 13 mile s N~v~! of Gri qu a t ow n 

Martlow 13 12 mile s SS1.[;! of Griquat own 

l'Ilerwehoop (ptn. of 7 mile s W of Griquato 'Nn 
l'Iliddelpla"1ts 6) 

Naauvvpoort 144 8 mile s N'L of Niekerkshoop 

Pqnne t j i 8 (ptn . of 3 mile s IN of Griquatown 
NnJlUwhoek 5) 

Pypwater 321 5 mile s NNW of Koe gas 

Rooisand 345 11 miles SSW of Ni e kerks­
hoop 

Sandfontein 356 7 miles S of Niekerkshoop 

Spioenkop 383 15 mile s E]\ill of Nieke rk s -
hoop 

Stilverla:l.t 315 12 miles N of Koegas 

Kloof 148 7 mil(?-s NE of NiekGrkshcoj! 

Vq,,0,lkop ~ 2 miles SSW of Niekerks­
hoop 

Zeekoeneus 357 10 miles S of Niekerkshoop 

Postmn,s-· 
burg 

Barker Ptn. Cart e r 
Block 458 

8 mile s SYV of D,'],nie lskuil 

Billinghurst Ku (~ 20 mile s NW of D'1.nie lslmil 
4­ - 24 

Botha Ptn . Ca rter 1 2 mile s SSVI of D;::mie lskuil 
Block 458 (\T!ar­
renda l e Mine) 

Brits Ptn. Carter 15 mile s SSI!l of Dan is Iskuil 
Block 458 

Crmvley Ku Q 9 - 1 20 mile s NW of D;miclskuil 

D':mic:~lsku il To wn 
Lcmds 

Derbi 196 13 miles N of Da nielskuil 

Do ornfontein 307 21 miles ]\ill of Postm2sburg 

Doornvlei 305 6 mile s W of DaniG lskuil 

Dunrovin 260 6 mile s NHli] of D:::mie lslruil 

Fa rm 492 4 miles S~ of Postmasburg 
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District Locality Remarks 

Postm9,S­
burg 

Kurum:ID 

FnTm 308 

FDTm 251 

Garingkloof (Ptn. 
of SkietfoYltein 
252) 

Gr3-smc re 

Groenwa ter 453 

Jacobsfontein 501 

Klipvlei 456 

Ouplaas 304 (Ou­
pla,as Mine) 

Owe nda le Ptn. Car­
ter Block 458 
(Owend a,le IYlint~ ) 

Rietfont8in 309 

Rooipoort 473 

V!arrond i.le Ptn. 
Ca rte r Block 458 

Amysh ope (Amy shope 
M.ine) 

Asb o s Gr. 4/1937 
(A sb e s Mine ) 

Best"lc ll Mine 
(Gathlose N'3.tiv2 
Re S (~ rve) 

B2stvv nod Ku Q 
L~ - 14­

Boxmc or Ku Q 5 - 1 

Bosrcmd 1 Ptn. 
Ncvvstcad Ku 
Q 4- - 29 

Bretby Ku Q 3 ­
22 (Bre tby Mine) 

C:l.rrington Ku Q 
10 - 4 

Cubbie Ku Co 5 - 35 

Eldore t B 1335/ 
1914- (Eldore t 
Mine ) 

Elgon Gr. 7/1927 

Engla nd B 13 34/ 
1914 (Engln-nd 
Mine) 

Ettrick Ku Q 8 - 6 
(Ettrick Mine) 

17 mile s WNW of Danie lsku il 

7 miles N of Danielskuil 

6 miles NIT·;; of Dsnie lskuil 

20 mile s N1.;.r of DMielskLJ.il 

14- mile s NTI of Pos tm!Cisbtlrg 

18 mile s SSVI of Danie lsku il 

9 mile s WNv} of D:cmie lskuil 

5 mile s SV! of Dnnie lskuil 

9 miles S\,~T of Danie lskuil 

18 mile s VlNVl of Dan i s lskuil 

8 miles E of Postma sburg 

11 mile s 88V.7 of Danie lskuil 

16 mile s Nl'ilN of Tsineng 

8 miles VI of Kuruman 

25 mile s 8W of Kurum cln 

25 miles 7i8Vl of Kuruma n 

9 mile s Vl S\! of Kuruman 

18 mile s SSW of Kuruman 

2 6 mi18 s 8 of Kurum?cn 

8 mile s SV! of Kurum:m 

16 miles SSE of Kurum =.m 

24 miles NV/ o f Kurum:m 

12 mile s 'lIN'} of Kurum'-:m 

2L~ mile s ITiI of Kuruman 

1 2 mile s YI of Kurum::m 

Exit Gr 8/1927 11 miles WN··I'/ of Kuruman 
(Depre ssion Niine) 

(' V.,iFairholt Ku ....l 4-8 8 miles of Kuruma n 

Gamohacm Gr. 9/1924 8 miles ]\TN of Kuru_man 
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TIistrict Loc8,lity 	 RGm8,rks 

Kuruman 

Vryburg 

Gamolilo Ku F 4 - 1 

Greyling Ptn. Bolham 
Ku Q 8 - 25 

Happy Valley, Ptn. 
Cubbie Ku CO 5 - 35 

Horeb 41'74-/1926 
Hurley Ku Q 6 - 15 
Koretsi Lower KUrtl ­

man Native Reserve 
(Koretsi South 
Mine) 

Lnmbley Ku Q 6 - 6 
L8.ngle y Ku Q 9 - 25 
Lower Kurum,,:m Native 

Reserve 

Mansfield Ku Q 6 - 21 
March 4648/1948 
NIt Roper Gr. 1/1925 
Mt Vera Gr. 15/1923 
New Castle Ku Q 
7 - 25 

Newste ;J,d Ku Q 4 - 29 
Riries Gr. 6/1923 

(Riries Mine) 

Saa mwerk 2952/1928 
Strelley Ku Q 5 - 4 

Ventersrust Ku 
F 2 - 5 

Vlhi t ebank Ku Q 10 ­
19 ( 'Hhitebqnk Mine) 

Wonderwerk Bl ock AA 
Ku F 2 - 1 

Woo dst ock Ku Q 6 -19 

Bute Vr. C. O. 1 - 61 
(Eut e Mine) 

Campden Vr. C. O. 1 ­
68 

Che ddar Vr. Q 11 ­
28 

Clifton Vr. C.O. 1 ­
411­

Constable Vr. Q 11 ­
28 

C	onwccy Vr. C. o. 1 ­
65 

TIe a l Vr. C.O. 1 - 57 

Halifax Vr. 0 .0. 1 ­
56 

9 milGs N of Tsineng 

31 	mile s S of Kuruman 

23 	 miles S of Kuruman 

11 miles N of Tsineng 

28 miles S of Kuruma n 

27 miles NY' of Kurum,,:mtV 

iN6 mile s of Kuruman 

10 miles SSW of Kuruman 

12 t o 33 miles ]\1'1;7 of 
Kuruman 

16 miles S of Kuruman 

16 miles N of Tsineng 

14 miles WNW of Kurum2,n 

18 mile s IWI of KurUUlcln 

19 miles SSW of Kurum:ln 

16 miles SSVl of Kurum?cn 

16 miles WN'·N of Kuruman 

20 miles NNW of Tsineng 

12 mi l es SSW of Kuruman 

13 miles N of Tsincng 

8 mile s Wll'H of Kuruma n 

29 	 miles SSE of Kuruman 

8 miles SSW of Kurum an 

12 	miles N of Heuningvlei 

19 	miles NNE of HGuning­
vlei 

2 mile s E of Pomfret 

8 miles SW of Heuningvl ei 

5 miles W of Pomfret 

15 	mile s N of HeuningvJ?i 

8 miles NNE of Heuning­
vle i 

9 miles NE of Heuning­
vlei 
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:District Locality Rema rks 

Vryburg Beuningvlei Nat ive Re ­
s e rve 1 Beunar B724-/ 
1931 

Hove Vr. C.O. 1 - 55 5 miles N of 
vle i 

Heuning­

Howden Vr. 
64­

C.O. 1 - 17 miles NNE 
ningvlei 

of Heu-

Perth Vr. C.O. 1 - 38 11 miles SSW 
ningvle i 

of Heu-

Pomfret Vr. Q 11 
(Pomfret lYiine) 

- 28 4-1 miles 
vlei 

NE of Heuning­

Shuenuic Vr. Q 11 - 28 5 miles E of Pomfret 

Tay Vr. C.O. 1 - 31 16 miles SSW 
ningvle i 

c f Heu­

Tseloan Vr. 
!~ 5 

C.O. 1 - 8 miles SSW 
ningvlci 

of Heu ­

B . Previous Wo rk 

The e a rliest description of the country north o f th3 

Ora nge River, as far north as Kurum a n, is that by Martin 

Henry Cha rles Lichtenst e in who travalled through thc ar8~ 

betwee n the year s 1803 a nd 1806. Although few ge o logic q l 

observations were r ecorded by him he collected many 

minerals from t he a re a including crocidolitc: asbestos , 

first described a s "Blau Eisenstein" (Roge rs, 1937, p . 6) . 

A number of observations on geological aspects of th e 

Griqualand West i"J.. re a were recorded a f c; w years later by 

W.J. Burchell who l e ft Cape Town in 1811 e n his long trek 

into the unknown hinterland . 

Amongst other obse rvations Burchell ~ecordcd tho 

occurrence of "primitive limestone" over a gr eat tract c f 

country north of the Gariep (Orange River), and of ;;cl }.y­

slate" which overl:l..y it (Rogers, 1937, p . 6 - 7). 

The next Europe a n traveller vvhose route crossed tho 

GriCiual'-:.md West a rea vms Robert Moffat who journeye d thr::;uV 

the area around 1854. Moff '3.t made quit e a number of 

interesting geological observations ~nd referred, amongst 

ethers, to the "ribb onned sc h ists 11 Vvhich c onstitute the 

GriCluatown Beds (Roger~-l, 1937). 

In the early e ighte e n-seventie s thp area was tra­

versed by G. W. Stow (1874) who, by m:],king r emo ..rkably 

accurate geologic a l observations, was tho first person tc 

establish the general stratigr~phical succession of t h e 
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geologic q l form a tio ns in the ar8~ . 

Rogers (1905) gave the f irst comprehe nsive a c count of 

the strat igr~phy of Griquala nd Wc st in which a cc ount he 

uphe l d Stow ' s clns s ific qt i on QS far as the Campbcll R~nd 

(J) ol orni te)? Griquatown (P r etor i a) d nd Matsap Se r i e s a r e 

concerned. Ap art from cla ri fying the stratigra phy o f th2 

:::lren Rogers a lso gav e s ome detailed descr i pt i ons of c e r­

t -:tin structuri.ll featu r es b e t v\7een P ri e ska and the b o r de r 

of }30tswana . This vms follovvc d by fu r the r a cc ount s by 

h i m (1906 and 1907) of the stratigrqphica1 successi on. 

Roge r s ;J,na Du To i t (1908 & 1910) surveyed the Hn.y ;'ln d 

Prie ska divisions of t he asb estos-fie l d du ring 190 !~ and 

1905 and publishe d a geological map of the a r ea . 

Hall (1918) afte r r c - examining thE; asb estos occurre n­

c e s in the Cape Province and othe r p a rts of the country 

publi shed a memo ir on the mode of occurrence a nd the 0is ­

tribution of a sbestos in South Africa. Th is memo ir which 

c ont'1ins much v a lu Ftble informa t io n on asb e sto s in South 

Afric a was l a t e r r evise d by him a nd a second edition was 

published in 1930. Hall (1930 ) attributed t h e form~t i on 

of crocidolite t o the r c crysta llisa ti on in situ of mat e ­

r ia1 1 for the greater part a lre ady present in the b Qn~ed 

ironst one 9 unde r the influe nc e of incre a s ed temperature 

c aused by some process analogous t o l oad and n o t to t h e 

r eactions c aused by circulat ing s olutions . 

Peac ock (19 28) published q pape r on the n a ture and 

the ori g in of amphibole A.sbes t os in South Africa a nd r egar­

ded tho process of croc i do lit e form a t i o n a s a mild , stat ic 9 

non-additive metA.morphic -process resulting in the chem ic a l 

union o f the n e c essary c on~tituents a lready in situ. 

Truter and c o- wo rker s (1938) t during Fm investiga tion 

of the geology of the a r e a a r ound Olif8n tshoe k, made 

sev e r a l oose rv;'.J,t i ons on the b a nded ironstone a n d the asso ­

cia ted crocidolite deposits . Mos t of Ha ll's views (1930) 

with r e gar d to the origin of croc idolito 1,Ive r o endors e d "by 

these workers, but in add i tion they s uggest e d a poss ible 

r e l a tion between crocidolitc fo r mation a nd the intru s i on 

of d i nb ase s ills, which the y concluded m'ly h av e had a n 

add i tiv e or "re info r cing effect i' on the process. 

Du Toi t (1945) di s cu s sed the sedimont rl ry hist ory of 

the asbestos--bearing r ocks, vizua li s ing a quiet S t~a in 

which colloida l sediments we r o depos i ted . He c oncluded 

that crocido lite i s ossentia l ly a stre ss-minero. l a n d i s t he 

pr oduct of dyna mic Inet'JJDorphi sm •. 
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Vi sser (194;1,.) made a study of struc turr"il features in 

the Griqualcmd ?lest area and stated t hat, "de spite the 

diverse opinions on the time ,qnd mode of origin of croci­

dolite asbestos, there an; indications in milny of the 

l a rger workings thilt the deposits are genetica lly relat2d 

to the wide spread pos t - Matsap disturbance s 11 (p . 250) . 

Visser (1958) discussed the different geo logic a l 

form 3.tions in the Griquat own a re a a nd aga in pointed out 

the; relation between the structural f eature s flncl the 

formation of crocidolite. 

Cilliers (1961) gave a detailed explanation of the 

possible origin of tho ba nd ed ironstone and related r ock ­

types which form the host-rock of the crociclolite dep osits 

in the Ca pe Province.- He came to the c onclusion th,"'! t 

f11 though crocidolite deposits arc in places associated 

with folding j this association is purely incidentfl l an d 

stated that "thc~ amphibol e asbestos was not f ormed as a 

r esult of ~tress s e t up during poriod~ of regional fol ding , 

but crystallised direc tly f~om a c olloida l precipitate of 

parent material" dur ing di8.gEme~ i s of the sediments. Ac­

cording to him pre-existing magnetite l8.minae or Ii SCr2')DS 11 

acted as initi nting surfa cG s from which the growth of tlE 

cross-fibre croc1dolite commenced. In a num~ e r of pape rs 

subsequently published by the S3.me autho r he upheld the 

same ideas. 

Genis (1964) endorsed most of the ide a s put forwa rd 

by Cilliers exc ept that he regards the thin magnetito l a ­

minae which a rc genernlly present ad jace nt to fitre s eam s 

to be "screens " through which the amlJhib oli te crysta ls 

penetrated during crystallisation thus causing the ir minute 5 

ha ir-like dimensions . 

Detailed studies on the chemistry of crocidolit e ~Dd 

the associated rocks from the Cape Provinc e wer8 c a rric.; d 

out by a number of observers . These studios r eve a led, 

aLlOng other things, the presence of cert a in primitive 

oils and amino- acids in the chemical compos ition o f b oth 

the croc idolite and the b::mded ironstone host-rock, 

a pparently indicat ing the activity of primitive organisms 

during the deposition of the sediments (Harringt on , 1962 
and Harrington et aI, 1963). 

At the present time two geologists, 'Messr s P . ]) . 

Fockema and C.J.B. Dreye r, a re proceeding with studies 

on the mode of occurrence of crocidolite in cert a in parts 

of the Northe rn Cape Asbe sto s Field . Both inve stig:l. t nrs 

(lre in f A.vou r of a relat i onship betwee n struc tuT'l l c ontr nl 
and the nri in of crocidolite (personal c ommunic:'ltion) . 

 
 
 



-16­

II. Physic ~l Fe tures 

The rocks belonging to the Lowe r Griquatown Stage 

ge n(:l r g, lly form conspicuous hilly r a nges proj c~ cting a b OVe? 

the ad jac ent undul Clt ing pla t e8.u unde rla in by the TI ol omite 

Se ries 8.nd the Dwyka tillite to the eas t ~nd l a rge ly 

occupied by l a v::l of the Ongcluk Stage t o the west . In 

the south8rnmo st portion of the a r ea in 'Nhich the Lowe r 

GriQua tovm b ed.s a re f ound, s out h , livest "'md north of 

Prieska , these r ocks form the s o -c nlled Doringberg Range . 

This range of mountains c omposed of b~nded ironst on e a nd 

r e l ated siliceous, f e rruginous, jaspery r ocks, Clncl intru-­

deo. by compa rative ly thick oi,lbase sills, stretches fr e m 

a point 20 miles south of Prieska in a north-n orth­

westerly direction past the town to VVe ~t e rb erg on the 

s outhern b a nk of the Or~nge Rive r, a d ista nc e of some 

50 miles . The r ocks lNhich constitute the TI oringberg R'2n ge 

f o rm a group of hills with a rather c ompl e x physiography. 

The Orange Rive r which cuts through the a sbcst C' s ­

bearing strrtt9, betvvee n Prieska Flncl Wc~ sterbcrg foll ows a 

meandering course exploiting j o int-syste ms, and othe r 

structur l,l lines like the c ont ours of plunging synclines 

(Fo l de rl, Q3) • ThE; prc s c nt-c1 :"lY fl oocl-pl~~ins of the riV B r 

aTC often a b out 9, thou s,ccnd :f8 8 t below the peaks of the 

a djac e nt mountqin r a nges . The western edge of the Doring ­

b e rg Range gcncrqlly f o rms a ste e p slope I.,vh ich is par'llle 1 

to a persiste nt f ;:mlt-z one known a s thG Doringberg Fault. 

The hilly range imme d i a t e ly n orth a nd east of the 

Ora n ge River a t Prie s k a 9 which c on ti nu e s t o b e y ond Gri qu p.­

t own, is known a s the Asbestos Mount a ins. Betv'Ieen these 

t o"ms the stretch of hilly c ountry occupied by the Low e r 

Gri qu 3, town St a ge me a sure s some 40 miles in 8,n cnst-wo st 

direction . From a po int "Ne s t of Griquat ovm the Asbest os 

Mount a ins s plit int o two separa te b e lt s . Tho west e rn b elt 

of hills, c a pped b y r ook s of t he Matsa p Forma ti on in pl,,-.­

c e s; i s known ''.s the JliIa t sap Hills and r epr esents the 

western f hmk of the Onge luk-Wi twa t e r Syncline . This rr:mge 

is compose d of r olling hills with muR e r a t c relief a n d 

is int e rspersed with a r amifyj_ng network of s and-fille d 

v a lleys; it bec ome s gradu :=tlly l e ss c onspicuous to the 

n orth until 8v 8ntua lly it f orms a serie s of isolat.?cL 1 

e l ongated "inselbe rge II s e p Clrs,teo. by v qlleys filled 1Nith 

wind--blovvn sand . 
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The eastern belt c ont inues n orth\var d tcwards D,J,nie ls­

lmil? Kuruman Pend Severn a n o: forms an a l most continuou s , 

e l evn.te d tract . From D"lnie I skuil to bc:yond KUrUIIl'1.n the 

r qnge is known as the Kuruman Hills, but in the environ­

ment of Severn it is known Cl.S the Rooibergeo In the 

Severn a re a and f a rther north towa rds the border of 

Botswana Rec ent Ka l ahar i semel covers e xt e nsive areo.s unr1e r­

l ain by rocks of the L c;we r Grio1u ato';I!n Stage. 

From P rie ska t c' b cyond Kururw:-m the e Cis t e rn edge s of 

tho Asb os t os Mount a ins and tho Kuruman Hills project 

sh0rply 8.bove thc flat clo l nrni tC? terr::l.in on the eas t ~::-md 

form R prominent l a ndmark eve r a wide area . The western 

fla nk of this r a n go is cha r ac terised by g ent le d ip-slopes 

which gn:l. du e~lly merge with the flat-lying c ountry t o 

tho west. 

From '3. point north-west o f D'lniclskuil a r8.nge of 

hills with l ow r e lief b ranches off and forms the weste rn 

flcmk of the Dimoten Syncline. It c ontinues only for Et 

shart distance before it disappears underneath wind-blown 

sand. North- east of Postmasburg the western flank 01 

the Ongeluk- Wi tvv.'1. t e r Syncline is repre scnte d by 8. seric; s 

of r o lling hills of b a nded ironstone a n d jasper which 

trend in a sou th- weste rly direction to just beyond Post­

masburg. From the a b ove descrj_ption of tho s e par:3.t e belts 

elf LO'lv e r Griquatcwn Stage r ocks it is cle q.r t hat there 

exists a strong rala__ ti on b c t wecm surfa c e -relief and the 

geo lo gic ~ll f or mation CV8r the entire :).r O[1 covered by 

these r ocks. 

The e astern belt which fades out towards Severn in 

the \fryburg District r earJpears as 3. serie s of hills which 

trend n orth-snu th in the rmvironme nt of Heuningvlei·::tn ('J.. 

continucs for a d istanc e of some 30 miles. This hilly 

tr3,ct? loc ally known as the Makuba Range 1 seldom ri se s 

more than 500 f eet abov e the surrounding s a nd-covered 

plain. Towards the northern extre mity of tho IVlakubQ R:mgc 

the cha. in of h ills swings g raduRlly to the north-88.st, 

although the r e gional strike of the strat a which builc) 

them rem a ins approximFlte ly north-south9 a nd eventu'llly 

disa ppears unde rneath a blanket of Kalaha ri saml. 

Outcrops of Lowe r Griquatown bec'ts r eappear some :30 
mile s f a rth8 r north-north-e ast "lncl f orm a serie s of 10'N­

lying hill s in the vicinity of Pomfret. At this l ocality 

the ch ~in of isolated hills tre nds in a n east -wes t dire c­

tion conforming t o the r e giona l strike of the stra t a , 

which h9..s n ow swung through an :lnglc of 90 0 
• Wide ly 
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spaced, i solated , elevated spots repres ent i ng pocr out­

crc:ps of the Lovve r GriClu ~tO\,vn bras continue trYNa r ds the; 

border of Botswa na. 

The mountaincu8 chain f ormed by r ocks of the Lewer 

Griquatown St:"1ge in the C['",pc Province r ,=mges in elr;vati on 

fr om about 4,000 fe s t t o some 6,000 f e et above mean S Bc,, ­

1ev(:;1, but scd.e1om pro j octs more th -m abcut 800 f oet abnv e 

the surrounding fl a t o ountry. The e levation of the 

Doringberg Range in t he south is in the proximi t y of fi- , 400 

fect above sea-level with the trigcnometrical b eac ons 

We sterberg 20 ([~, 360 feet, Q2) , Midde l water 11 ( 4 , 4. 20 

feet, Q2) and Prie ska 32 (4,488 feet, R3) l oc ate d on s ome 

o f the h ighe st pe a ks. 

From Pricskn. t uwa r ds Griquat own and Dm ielskuil th e r e 

i s a gradu:=ll increase in the :=lve r age e l c'v:l.tion of the 

Asbe st o s Mount a ins a n d farther on in the Kurum 3.n Hills. 

From north of Prieska t o immediately n orth of Niekerksh 0 0p 

the e l eva.ti on is still a r ound 4,000 feet a bove s e:-:L- leve l 

(Kransfo nte in 30, 4170 feet (R4); Klipfontein 30 , 42 29 

f eet (Q4), but it increases gran.ually farther north. A 

f ew mi le s no r th of Griqu_ a t ownj e l evations exc eed ing 5? 000 

feet 'lre r ecorded ( Hope 21, 5299 f ee t (N6). From the l a t­

t e r point the a verage e l evation inc reas es in ~ no r the rly 

direction fro m 5 ,7~2 feet (Oupl~as 3 2 , L2 ) to a maximum 

of 6 ,08 6 fee t a,t t ri go n om8 tric't l beac on Gakarusa No.8 

(K3 ) ab out 20 miles due nc rth of D~m ie l skuil. 

From thi s point , about 30 miles south of Kurum:::;,n , t he 

e l evation of the mount a in r ange gradua lly decreases tc 

t hG north with s () v e rrl.l h i gh 1)8 aks like Gamohar:m 11 (5 1 27 7 

f eet , 12) and Gamo pec1 i 1 2 (4·,26[f fee t1 HI) north of Kuru­

man. In tbe r egion of t.he Rooiberge oet \!'[8(3 n Tsi:neng'1n c~ 

Seve rn th e highest pe:'ck is th'lt of Bakc nkcp (F2) vvhich is 

49162 fe et al)o ve se~l-level. In the Hetmingvl e i Cln")Cl til e 

maximum r ecorded elovati on in the WIukub q Range i s that of 

Tselwa ngkop (D2) which has a n ele v a t ion of 4 , 0 16 feet 

above s l3iJ.-levc l. 

Evidence of two periods of pr o l onged eros ion, one in 

pre-Karro o a nd the othe r in comparative l y r e c e nt times 

a r e f ound wi thin the a rea oc cu pied by r ocks of the Lower 

Griquatown Stage . Ro cks be l ong ing t o the Dwyka Se rie s 

occup y f a i rly l arge eros i onal troughs in t he south a n d 

towards the north of the ar'~a . North of Eldore t a nd in 

the L(lwer Kuruman Nnt iv8 Reserve bore-holes sunk for 

water penetrated sh~les believed t o be of Kqrroo age . 

They ':lre pr ese rved in 8. transve r se v '~j,lley 8, t prese nt 
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covered by wind-blown sand and it is believed th~t the 

vn-lley in 'vvhich the shqles have been deposi t ed was 

scoured cut dur ing the Dwyka gL1ciqt ion. 

Dwyka t illito is ,9.1so found in the Prie ska a r ea 1. here) 

again the depcsits arc assoc i~ ted with gla cia l t r oughs. 

The pr e sent-day topogrflphy is apparently l arge ly due to 

erosion by rivers during l a te Tertirlry and Rec ent times, 

fo llowed , during the return to more a rid c ondit ions, 

by l a rge- s c a le filling of the v a lleys by wind-bl own s~nd . 

B. Climate and Drainage 

Because climat ic c onditions , especia lly the a nnual 

r :linfflll, have a bearing (m the depth o f oxidation of the 

b an ded ironstone a nd the r e l a ted crocidolite-bearing r e eks 

in the r egi on a summary of these c ondi t i o ns would be 

appropriate. 

The cl imate of the entire a r ea is semi-a rid, with mild 

to cold winters a nd hot summe rs. Th e c ol de st month is 

July, when severc~ ground- f rost ge nerally is found ov e r tho 

l ow-lying a r ea s lNhich fl fmk t h o m(nmt ;:~j_n r .qnge s. In 

e xc ept i o n,:=tlly c (' l <1 'H inters, s now c ould be of c omlTio n 

oc currenc e on the high r a nge in tho environment of Dsniels­

kuil. A v>'lc'l.e r::mge in temperatlJ.r(~ i s expe:cie nc 8d betv18 r;:n 

f arms l ocated on t11.c mount a in nmges :·1.n() th f) se l oc a ted c n­

l y :1 f ew mi l e s a W'-j,Y o n t h e b u rde ring Gh 'li'1. p Plate s,u to the 

cast. This is especLl11y the case i n the environment (I f 

Kuruma n whe r e the diffe r ence in t empe rature is such th~ l. t 

rc)s(=] trees f l ouri sh during winte r and pavv-p a1v trees a re 

grown on farms l oc a t o cl in the Kuru.man Hills, 'Nhere as 

s evere frost is e xperic ncod on the farms a t the fo ot of 

the hills. 

The 8,verage r a infall f igur es (10 not only diffe r 

l a rgely from t he southern t o the n orthe rn extrem i t i es of 

the region but ill3Y also d i ffer remarkably within a r e l u ­

t ivc ly re stricted a r ea . The ave r~go r Qinfall for the 

c ountry a round Prie s k~~, and Nie ke rksho o p is ab olJ.t 9 inch:::; s 

per year, but that fo r the ne;::lr-by 8.rcc;, a round GriC1U [1tmvn, 

tak e n over a period of so me 50 years, is mo rn tha n 12i 

inche s. 

Going farther n orth the C),nnu ':), l rainfa ll increase s 

gradually, and r each es an aver.],g(~ of 15 inches, rangini-:'; 

be t\~een a.b rmt 7 a nd 22 inches at Kurum'ln. Towards the 

borde r of Bot swan:l the ro is o'gain 3, slight de ere 8,88 in the 

annua l r a infa ll, which gc;ner3,11y v a ri c:s betwee n 10 a n e 
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15 incl1.c s. 

Most of the: r :-li n in the e ntire a r e:"l f a lls :-luring th2 

summer months , gener~lly in the form of violent, l oc a li sed 

thunde rst orms. In the a r e q, b o r dering the Or:"lnge Rivo r, 

d r y wate r-c ourses which originntc in the hilly c ountry 

fl a nking the river, hc:w e cut d,':c;p r a vin--.:s, a ll of which 

1 8-::,0. t o the: Orange Rive r. Ff1 rthe r n orth t o lards Griquat cwn 

a nd beyon d , the water-c nurs2s which originate in the hilly 

country fla nking the; river 9 hc:w e cut dee p r [tvine s, a ll 

of which l ead t o the Orange Rive r. Farthe r n o r t h t oward s 

Griquqtown "md beyond 9 the wa t e r-c curses orig in8.ting in 

the mount r:dns grrH1u '-',lly become sh "l.ll (wr e runt il their c(~n­

t ours me rge with t he genor~l l e v e l of the adj acent s qn d­

c ove ro d pl s~ ins. 

Drain8.gc-c h;cmne ls [tw -~y f r em thG e l ev n.ted trn.ct f u nned 

by t he Lowe r Griqu fltown beds qr o thorGf or e s e ldom well 

devGl oped Qnd'3.r e oft e n partly or wholly e r'l sed on '1cc cun t 

o f the enc r o'"lchme nt of wind-blown s 'lnd. Except f o r the: 

Orange Rive r, a ll othe r promine nt drqina g e -chann e ls in 

the "tr oll ::1.re dry f or the TWlj nr p""trt of the ye 8..Y flnd c a rry 

fl ovving water only during e XC eI)tion :111y good rainy S8'}s on s . 

An exn,mple o f such 8. drain8.g8 -ch'lnnel is the Matsa p "Lv)})'! 

which t oward s th~ northe rn ext r emit y o f the Mats~p Hills 

is the only we ll-de fined drain~ge-channe l in the ~r~~ 

betwG2n Griqu a tr)vVD a nd Postmasburg, bu t i t h r'trdly ov e r 

carrie s any Vv~lt p. r. Tho (',r ea imrned i ~tt81y n ()rth ~'f D r:m i ,~ l s ­

kuil is d.rqine d by tributa ries of the Gflma gar "o "Lo op" 

';'Ihieh runs to the vIe st of the KuruIn'ln Hills. Run- off C ou r­

s c: s in the e n stern porti on of this '-=tre D. c o n t inue t owards 

the Kurum o..n Rive r r:.l ong t he eastern e dge of the mount·~l.in 

r a n gl? . 

The Kuruma n Rive r (Fe l der 1) runs n orth, almost 

pa r a lle l t o the KUrLlm:-ln Hills? from n e(C!.r Kuruml.n till it 

re a ches Tsening where it swings west, cuts a cro ss the 

Lowe r Griquat cwn b8 cl s .~ind continues to t he vvest. Just 

be f e r o cro s s ing the Lower Griqu a ti)wn b eds it is j o ine rl_ 

l") y the IvIatlowing River fr om the east. Both rivers a r e 

we ll defined, but they seldom c nTry any f l o'Ning water. 

Fa rther nurth t owa r d s Seve rn t ho m"l.in drr;.innge-ehcmne l 

in the a r eq is t he lYf nshowing River which runs in '}, n orth­

west e rly dir ecti on as far a s Se vern whera it cuts a cro s s 

the trend cf tho R niberge, c ont j_nu2s t c tho west a.nd 

8ventually j Clin s t}F~ Kurum '3.n Hi v'.:;r. Th~ Kgokgo l o Rive r 

wi th tributri ri es from the H8uningvlei :lr es. runs s outh-

we s t ~cr () s s sub nu t crops r'. f t ho Lowe r Griqu ~lt ovm b 8ds to 

 
 
 

http:mount�~l.in
http:Qnd'3.re


-21­

j oin t he Mashowing Rive r rr c oupl~ of miles west of Se v e rn. 

The sand- cov2recl stre tch between the n orthe rn extrc; ­

mi ty of the Ma kub!C·), Rnnge anele the hilly country n.r ound 

Pomfre tis t r :J.vers e cl by the:; P"lpani U Lc'..G.gte" which c onti­

nues in a n crthweste rly dir ect i on and llltimrttcly joins 

the Mo l opo Rive r 0n th e be r der of Eotsw~nn . 

C. Ve get3-tion 

Throughout t he e ntire a r ea the ve get:l.t ion is d.c cid c~ d.ly 

xe r ()phytic. In the sou th", rn portion around Prio SkcL :-md 

Griquat own the " dr i e c1 ')rinr" (Rhignzum t richot oIflu m) is the 

m('st c h(J.rr~ct erist ic shrub. It gene r ri lly gr ows in the 

V ClllGys amongst the mountains ann. on the s'1.ncl.-c ov e r ed flats 

we st of the Asbe ste s JIilount:-.tins. In the mount Dincus gr ou nd , 

espe ci :'Ol. lly a round Griqu;:"t own a nd fn.rth(~ r n urth t o b ey:-mc1 

Kuru.man the "h"lG,k doring " ( Ac8,cia dctinens) is the mest 

c ommon thorny shrub oft e n growing s o lUAllri a ntly r';ll 

r ocky outcrops a nd s l opes c overed with scree th~t progr ess 

is much imIle de c1. Tho "vvild s'l.ge II ( Tarchon anthus c a mph c r :L­

tu s) 3, thornle ss Shru10 1 ",1 thcu gh pre fe rring the dolom i tr·? 

fl ::l ts, is often we ll r epre sented ~·'.long the longi t u d inal 

v q lleys qmongst t he b :J..nden. irnns tc:ne rmel j ~ spc r h ills. 

Came l thcrn t r c8s (Ac a cia gir:1.ff rw) flre f ou nd sp 'lr se l y 

on the san d-c i w e r e c1 flr1ts amungst t h e hills in the southe rn 

p orti o n of t he a r ea , but the y gr qdu l.lly increilse in numbe r 

toward s the n orth. Fr om south cf Kuruman to b eyond Pomfre t 

in t ho n orth the; c ~,me lthlDrn :=.m d the r e l Pl. te o. IiV a ::Llkamee l ii 

(Ac:ctc i 8. hae raat cxylon) gr ow in l a rge numb e rs. The se t\~vO 

spocies prefer the do l om i te c ountry t o the east of the 

Kurumnn Hi lls , thp Rooibe rge and the fl'3.ts u nde rLl in 'by the 

Ongeluk l av 8. ",.rest thereof. The y v e r y se lcl om grow on the; 

bilncle d iron ston e and relatGcl r ocks a nd i f f ound in a n 

area whe re the htter r ock-types a re c omm on the y are inva ­

riably r ooted in do l e rito or diabase . Ou tcrops of c101e rite 

dykeo in tho a r ea c overed by the LOIiver GriCluatown b Cod s 

a r e scarc e and the u su al linear a rra ngeme nt of Ac a ci 8. in 

these a re9.S of te n serves as a g u.id (; t o c1etect suboutcrop s. 

Othe r spe cie>s frequ c:ntly encount e r ed in the are8. a r e, 

D.mong others, the s hephe r d ' s t re e (Boschi a a lbitruneCL) 5 

11 "1 l d ~ tll ( Dh " 't) -'l '1 tl " II'1:1". e g r an. ;oi,t , H 19Cz,um ooo va um , ana 'sne C cTlng 

( Acac ia Karroo ). 
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IYh ,ny Vrlri8tic s of pere n nL:,. l a nd ;c::,nnu [l,l grasses'1r o 

f ound 8,1 C' ng the stretch of the Lower Griqua tmim b eds . 

Thc; most common r),nd ,3,lso mes t cumb ersorr.e specie s found 

ove r thc g r e ater part of the a r ea is the " s t8(::;kgras" 

(Aris_tida burk2 i) which flourishes on shallow s oil. On 

tho d08per soils the shn.rp- }J0 inte d Bu s hman gra sses 

Aristida cilinta :md A. obtusa rire the me st abuncb,nt . 
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III. Ge ol ogy 

A. Introduction 

The succession of strat ifie d geolo gic ~l forma ti ons 

"1n d th(; as soc i~lted i gn (? ou s intrusions g e n e r a lly e nc ou n­

t c r ed within t he domain of t he Asbestos Field of the 

Northe rn Cqpe i s grouped according to the current ly ['tCC c?P ­

t ed versi on r f the gc.o lc'gic '11 prof ile in Trible 2. 

'r he deposits of crocido lite asbesto s in thE:: Nn r thc rn 

e n.pe Provinc e a r e c onf ined strictly t o the l ()we rm o s t strl,g8 

of the Pret oriq Series ( a s current l y a ccepted), T ransva~l 

Syst em . In the C.'lpe Province this stage is known as t hc' 

Lowe r Griquatovm Stage a nd compris e s b :::mded ironstonc j 

b ",,-nd e d j 2.sper, siliceous sheila, amphib olite nnd tillit e 

mRinly, a n d subo rdina to layers of quartz i t e, d olomite and 

thin interc rJ.l l tions of v olcanic IIl3.teri ,"tl. All known 

e c on r'mic"llly workable de pos its of crocidol itc in this 

stage a r e c onf i ned t o tho lcvvsrmost substage r ef(?rre d tn 

8.S t he Ba.n do d Iron stone Subs t age . .Be e ~tuse thc; chie f 

purpose of t hi s p :J.per is t o cast more light o n the cocur­

rence s of croci c:101 ito in t he C':tp e P r ovincc j the {sGo l ogy 

of the Lower Griquatown Stage only wi l l b e d iscusse d i n 

c1etn.il. 

At this stage i t is ncco s s8.ry t o d raw attention t r t he 

appar e n t inc onsist e nc y c onc e rning the cont a ct betwesn tl~ 

Dol omite Series a nd the rret ori8. Se r ies . In the Cap e 

Pr-ivinc e the Bander1 Iron s t one Su.b stage 'Nh ic h succe ocls th~ 

ma in d o l om i te rr:::pre se nt s tho l owermost porti on of the 

Pre t ori a Se rie s. I n the Tr a nsvaal a s i mila r succe ssi on 

of asbGstos -b earing ironstone al s o succ eed s the ma in 

dolomite ? but bec?use it l i e s irnmediat81y b elow the 

Bev e t I S Con glomerD..t e 7 t Rke n a s the base of the Pret ori a 

Serie s , the b a nde d i r ons tone l a yer i s included in t he 

Do l om i te Se rie s . The cont a ct betwe e n the banded ironst on e 

a nd the dolomit e in the C::lpe Province is tra n s i ti on::ll, 

indicat ing a c ontinuous d e position of do l omite foll owed 

by bande d ironst on e 0 At pre sent det;~ilecJ wo rk i s be ing 

c a rrie d out by me mb ers of the Geo logic a l Survey in c ol13­

b orat i on with g eo l ogists of the South African Iro n and 

Steel Industri fl l Corporation Limited on the rocks of 

the Gamilgarq Forma tion ::m d the Pretori 'J. Serie s. The S ~3 

inv e stign.tions may le~d t o rm e ntire ly new subdivisi on ('r 
the di ff e r e nt stages now incorporat ed in the Pre toria 

Series. The2.uthcr fe e ls convince d tha t these inves t i g-l.­
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Tab l e 2 . - Geologic ~l f ormations in the Asbest os 

Pi e ld of the Nort hern C~1pe
.:::::a;: . 

",'!ind-blcwn so.nd 

Alluvium 
Terti a ry and Recent 

Gr~vel an~ s cre o de pos i tsDepos its 
Su rf~ce -limest 0ne 

Pi pes •••••••••• .,O ... OOcJ •• ,.OCG.O. Kimberlit e 

Dykes •••• ctoO ..... OOO •••• O.ClC.Q •• Dolc~ri t e 

Karroo
System ...... to • \) •••• 

Dwyk::l
c . • • oer l CS ft Tillite and shal e 

. - T - l\ f' tlJ ppc r i\l rJ~ ­
C~u[trt zit c I1nd gri tWaterbe r g System s o~p St:'lge 

(Mat sap Forma,t i on) .,: . 
L() we r Mat­ Mainly a ndcsitic l a va S<ip Stage 

Qu a rt zite , c on gl omerate 
'Cinc1 sh'l.l e Loskop System (Gamagar a Forma- Basal c ongl omerate and tion) .• 
quartzit e 

Sills a nd dykes Diab ase 

Banded ironstone andUppe r Gri­ jasper, lime stone,quatown •. < shale, C'J_u a rtzit e an'}Stage l a va 

Mi dd l e Gri- ' .Andes i t ic l av a wi th 
, quatown •• ' inte r bedded tuff, c twrt 
I Stage and j a spe r: Protr;rL.~ ..
Serie s Till i te 

. lkmded j aspe r i:md qua rt z 
chlotritefc ls with subor ''li­

~ l ,: t o s ilicc ous 811'-"" l e 
(11Ytrtz i te and lime stom~Trans- < Lowc~r Gri­ -. Ri c b ee ki to s11~ t(~ Vii thv G.?c l quat own .. intercal ated chertSystem j StagG iBanded ironstone with 
su b or d i na.t e int e rc :-:,11'1 ­
ti on s of pyroclns tic 
rua t e ri :l.l 

D<' l omi te / Do l omi te, lime s to ne 
Serie s·· an d chert 

Qu ~rtzite, shqle , lime ­BLwk Re ef stone , dolomi te , si l t ­Series· • 
~ -. _ stone ~nd m~fic l a v l 

Mafic ~nd silic a-rich 
1 ~v~ 9 t uff, arkose, 
quart z it 0, sh:l.le a nd 
slate 

Zoe tlief 
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tions will prove the bande d ironstone and associated 

jaspers in the Cape Province to be part and parc el of 

the Dolomite Series. 

The Lowe r Griquatown Stage lie s dire ctly upon the 

Dolomite Se r ies . A l aye r of shale generally overlie s the 

main dolomite directlYl but var ies considerab l y in thick­

ness from the south to the north in the area where the 

Lower Griquatovvn Stage i s represented. In the Prie ska 

a r ea the shal e attains a maximum ob se rve d thicknes s of 

400 fe et9 bu t in the No r the rn Region the shale decreases 

in thickness to some 15 feet or le ss . The zone of shale 

is not always prese nt in the Northern a rea and is there ­

fore not indL:ated on Figure 1. There is a lso a r emarka­

ble diffe r ence in the total thickness of the succ ession 

from south to no r th as well as a conspicuous change of 

facies. For descript i ve reasons therefore , the a r ea in 

which the Lower Griquatown s tage is foun d , is div i ded 

into two separate re gions which wi ll be referred to as 

the Southern and the Northern Re gion, respective ly. The 

Southern Region inclu d es th(~ area from Griquatown to'Nards 

Prie ska and 1T.Teste r berg in the south Whereas the Northe rn 

Region covers the a re a from GriquatoV'iD northward to 

beyond Pomfret . 

For the detailed descriptio n of the ological 

characterist ic s of each region a type - area has b een chosen 

i n each . The type - a r eas have been c h o s en within thos e 

localise d areas where a c t ive crocidolite mi ning is in pro­

gre s s 9 because the se a re the loc a l i t i e s whe r e the most 

detailed information about the c1istY'ibut ion of the 

crocidolite - bear ing zones could be obt a ined. Fo r the 

Southe rn Region the area betwe nn Prieska and the Wester­

be r g- Koegas asbesto s mine i s se l e ct e d as the type - are a 

1Nhereas for the Northern Regi on trl(C) a rea immed iate l y west 

and north of the village of Kuruman vms chosen . 

B . The Northe r n Region 

The Lowe r Griquatown Stage in this re g ion, v/hich 

covers the:; area from Griquatown i n the south to "beyond 

Pomfret in the north, d iffers very little in character 

from p l a ce to place . Diffe r nces in t he to tal th icknes s 

and in the t hic knesses o f the individual substages are 

present but are not as consid e:; r ab l e as the differenc e in 

t h i ckne:;ss betwe en tl:1.8 Nort he r n und Southern Regio n s . As ­

bestos - bearing zones are foun d at o e rtain s tra tigr:::tphic a l 
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horizons ~hich c a n be corre lated to some extent from 

one loc a l ity t o a nother . 

1. The Kuruman Ar ea 

The Kuruman a r ea may at p re s e n t be regarde d as the 

b i g gs st crocidolite - p roducing centre in the Cape Provj_nce. 

It includes several well-e stabli s h ed asbestos mines 

located on different farms a nd belonging to a number of 

priv ate concerns . The existing mines in this a r ea a r e 

found from the farm Asbes (12 ) in the sout h to that on 

t he farm KorGtsi ( HI) in the north , which i s situated 

in the Lower Kuru.man Nat i v e Re s e rve . Other ope r at ing 

mine s bctwc8 n the se tV'fO p oints g;re Whiteb r::mk and Kuruman 

Ea s t both of which arc loce,te d on the f a.rm V"h i t ebank (12), 
Depress ion loc a t e d on a portion of t he f a rm Exit (12) and 

Riries (II), Mount Vera (II), England (II) a nd Elderet 

(HI) each located on farm~ b e aring the same name as 

the mine. 

Along the: stretch of country where these mines a r c 

loc ate d both the top and the base of the Lower Griqu<c"town 

Stage a r e exposed a t a number of p l a c es . The total t hick··· 

ness of this Stage which comprises the Bande d Ironston2, 

the J asper and the Tillit e Substage s v a ries little a lo ng 

t h G strike in tho Kuruman area , a nd approximate s s ome 

1,500 feet . Seve r a l l a y e r s in the suc c e s s ion, most of 

which a r e found at cert u in stratigraphica l horizons with 

in the Jaspe r Substage, d isp l ay part icular c har ac teris t i cs 

so that they can be used as marker-horizons. These 

marker-beds a r e of g r eat v a luG to the pro spector and serve 

as guide s to e st i mrtte the depth at which particula r 

croc ido litc-bearing horizons may be inte rsected below 

surf a c e . So me of the 38 marker-beds are a lso indire ct 

indicators of f ibre development a t depth. 

The s eque nc e of the consti t uent members of the 

LQI.~Hr Gri quat own Stage, thei r individual thickness ano 

tho vertic a l dis t ribu tion of mark e r-be ds in it a r e shown 

in Figure 1. 1['h8 profiles in Figure 2 we re compile d from 

informat ion obt a i ned from prospe c t ing bore -hole ~ drill e d 

by several mining c ompr-mie s I f rom bore -hole s drille d by 

the Department o f Water Affairs, from information 

obt a ined in mine - sh::l.fts and from trave r ses at several 

loc a lit i8 S • 

Informo:' tion used fo r compiling th::: profiles were 

obtained from the following bo re ~hole:3: 
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Bore -hole 1 on Leeuwvlei (N6), Hay District. Drilled 

by Griqua l and Explorat i on a nd Fina nce Company Ltd. 

Bo r e -hol es DM1 2A on Botha (M 2), Postmasbur g District 

a n d m,,i1 9A on Pomfret (B4), Vryburg District. :Drilled 

by C3.PO Blue II/i ines (Pty. ) Ltd . 

Bore-holes L24 on Lemoenkloof (M2), Postma sbur g District, 

DB I on 1)ero i, Pos tm a sburg District 3 nd WBM 98 on 

Whit ob a nk (1 2) 1 Kuruman District. Drilled by KUrUITL:\n 

Cape Blue Asbestos (Pt y.) Ltd. 

Bore-holes on Eldoret (In) , Kurum::m District. :Drilled 

by Meroncor Asb estos Mines Ltd. 

Bor e - ho l e on Have (C2), Vryburg District. Drille d by 

the Depa rtment of Water Affai rs. 

Add i tional inform~tion on the vert ica l d i stribut ion 

of roc k-types , the a sb esto s -bearing zones a nd tho rnarker­

b e d s was ob taine d from a new mine sha ft on Ettrick (11) j 

Ku ruman Distric t rmd from traverses surveyed on the 

fo llowing farms~ 

Merino (N5) , :£i'ar m 566 (N6 ) ana o n Griquatovvn 

Commonage in tho Hay Dis trict, 

Skietfontein (L2) and f a r m 254 (L2) in the Post­

masburg Dis t r ict . Heunar (D2) and P omfret (B4) in 

the 'frybur g Di strict . 

(a) The Banded Ironstone Su bst a ge 

The thickness of t he Ba nded Ironst o ne Sub stage i n 

the Kurum FlD are a averages s ome 800 f ee t. It suc c eeds 

the Dolom i to Serio s conformably , di spli1ying a g r a dat io nal 

c onta.ct cha rcwteri sed by a l torns.t ing layers of bDn ded 

iro ns tonc~ , chert and thin interc,?o13.t io ns of dolomit ic 

limest one a nd shql e . The u ppe r limit of the Banded 

Ironstone Substage is marked by a l a yer of j asper which 

hc3,s an aver~~ge th i ckne s s of 40 feet and is knovm a s the 

Ma i n Ma rke r. Thi s jas per l ayer d i splays c e rtRin c har ac ­

teris t i cs which can b e re c ognised f rom one l ocality to 

[mother and i t the r efore c o nst itutes ~~ valuab l e marl(cr­

bed.• 

Diffe r enc es in tl!.e crl8,rctcter of the bande d irons tone 

a r c c au sed c h ie f ly by a change in the t hic kness of 

indi v idua l alternat inr l am inae of c hert a nd ma gnetite, 

c hanges in t he colour of the c hert l a minae, u su a lly 

r e c ognisab l e in fresh spe cimens onlY9 a n d the pre domi­

n a nce of c hert ove r magnot i te . On t h2 wh o l e the b J,nd c d 
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ironstone is well-bedded, finely to c oarse ly l aminRt cd . 0, 

rock. 

In the field the b a nded ironst o n e s are cha r a ct e ris e d 

by a consp icuous b and ing due to a n a lt e rna ti on of 

s ilic e ou s a nd ferru g inou s l ayers, the l(},tt e r c omp os ed 

mainly of goethitc, hemat ite (rrlartite) and 3cc essory 

magnetite. 

The se iron oxide s c ause t he fe rrugin ous l a minae to 

b (? brightly c olou r e d in shades of brown, black, r cd i""'.n d 

yellow whereas the cherty l aminae display vvhitish, 

greyish, g r ee nish, r ed and bluish c o l ours. In hand­

spe cime n s o f mat e ri a l a t depths b e l ow the zone of oxida­

tion che rt a nd other mainly siliceous l a min!-],Q a l s o di s ­

playa v,ride v a riety in c o l our, generally t he s ame as 

those from t he surface, but the ferruginous laminae a r e 

bla ck a lmost without exception. 

The individual layers o r laminae v3.ry in t hickne s s 

from p :3,lJe r-thin films up t o a b out four inches . The 

th icke r l aminae may be lenticula r in plac e s, but a s a 

genersl T'1.11e individuJ 't l l aye rs or l aminlle a r e r e mark:3.bly 

const a nt a nd r e l a tively uniform in thickness . This 

cha r a cte ristic gives ris e to e xce p tiona lly smooth 

bedding-pla ne surf8,c e s a long which p aving-slabs o f 

a l mos t a ny desired th icknes s can be plied off. Occ a si o­

n~:l l a ye r s or le llse S co mpo se d e s sent L111y of intric n to l y 

intenvove n, ac icul:lr crystc:),l s of sod:-:1- amphibole (rie ­

b e c k ite) a re encount ered. The y a r e USUGlly b luish in 

colour and vc"lry in thickness from a fr a c tio n of ::),n inch 

t o a couple o f feet . The r i e b e ckite in the s e layers is 

gener~lly r e ferr e d to a s m~s s-fib re , mAs siv e riebeckit e 

or l)otentia l crocido lite . Be c rmse of the c omple t e dj_ s ­

or ientat ion of the acicula r crys tals of amph ibole in 

t hes e l aye rs they a re very tough a n d some a r c strongly 

weathe r-rc sista nt. Othe r s vilhich e o nt ~),in t1 f a ir ,fJ,m ount 

of magnetite d i s pe r s ed thr ou ghou t the matted mate riq l 

we a t he r t o a sof t , y e llow, ochre ous mate rial. The 

t oughness of the s e I n.y o r s of m0.ss ive ricbe ckit e i s 

e s p e cially reali sed in underground exp lorRtion and in 

bore-hole s . 

Cross - fib r e c r ocidolite is found in se ams of v:-:. :rying 

width a t c e rt a in stratigriphic:-:11 hr;ri zons within the 

b -mded irons t one . 'Fhe wi d th of the se 8e8omS varic s fro m 

l ess thp,n a quart e r inch to C),b out two inches. Occas i on :l­

ly fibre of gre:J,te r longth is found in t he a r ecl , but th(~ 

8,ver~1ge length is g e n e r Al ly betwe e n h ;-:1lf a n inch [3,nd Cl 
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three qUQrter inch. In surfac c - exposures the da rk-b lue 

crocidolite fibre is usually rcpr esented by ye ll owj 

oc hreous g r iqual andi-'c; or in some p l ·e).ccs by we ll-silic i ­

fied, yellow- brown "tige r' s -cye". Silicificat i , n of 

crocidoli te to form the semi-pr ecious v~lriety "tige r' s-

eye II is, however, not a common feature in the Kuruman (l r e:':'.• 

Gene r ally cross-fibre se~ms, where exposed, a re 

h i ghly oxidized , yie lding a soft, yellow, ochreous powder 

c on ts.ining minute, har d a nd brittle fragme n t s of qUi1rtz . 

Oxidation in one pflrt icula r seam of cross-fibre crocidoli to 

i s not a lways c omplete, with the result that portions of 

the seam or sometime s even a single bunch of cross-fibres 

may st ill di spl ay its original blue c olour. In ol d 

wo rking - places a nd shal l ovv prospect ing- pits , '{V"he r e blue 

cross-fibre has be e n exposed, loose bunches of cross-fibre 

become soft and fluffy and cling to t he rock surfaces like 

pieces of cott on wool. This f luffy mate ri a l d i s plays t he 

cha r acteristic b l uG colour of the fresh crocidolite fibr ;o;s . 

It is of interest to note that in places INhere cro <~ idoli te 

fibre h q s been partly IDot:3..IDorphosed by intrusive diabase 

sills this srune f luffy materi -; l is white in colour insteG0 

of blue and the cross-fibre, still i n s itu, d i splays a 

sl i ght greeni sh c o l our. 

A sect ion through the Banded Ironstone Sub sta ge, 

ob t a ined from 8. 'oore -hole drilled by di amond- dril l on the; 

farm Whit ebank (1 2) , KUrU_ID8.n a re a , is shown in Tab l e 3 . 

The position of the bore - hole is indica ted on Folder 1. 

A detailed plan vyh i ch shows the ge ology a t the bore -hole 

site i s not given fo r reasons of security. 

Det a il nd informa tion on the vertic a l thicknesses of 

the fi'ore zo nes intersected i n this bore -hol e a nd the 

pe rc entage of asbestos f i b r e found in each a re omitt e d . 

Because the inform:l.t ion given i n Table .3 h a s b een obt c3.i ncc1 

from one bore -hole onl y, small diffe r ences in the thick­

ness of the Banded Ircnsto~ Substage and in the det~iled 

sequence of the banded ironstone type s may be; found i n 

othe r portions of the Kuruman are.'l. . Hovvever, th(~ above 

profile could be regarded as f a irly representa tive of 

this Subst age in the n r ea . 

From a study of the profile it is evide nt that 

exc ept for minor i nte rc a l :3,tions of shale I dolom i te, and 

chert the comple to Band e d Ironstone Substage is built 

of well-bedde d , ironstone . The cha nge in c har a cter of 

the banded ironstone i s c aused me r e ly by a variation 
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Table 3. - Detailed section of the Ba nded Irons t one 

Substage on the f a rm INhiteb 8.nk 1 Kuruma n Dis trict? a s 

inte r s ected in bore-hol e WB~ 

(Drilled by KU'Tuma n. Cape Blue CPt-y.) ,Lt d. ) 

(Eleva tions refe r t o he ig11 t of intersecti on s a b ov e the 

cont a ct b e tween mas s ive d o l omite and the B:-lnd e: d Ironston e 

Subst a ge) . 

Ele v a tion Thick-
above: Do lomite ness 
(feet) 

704 - 716 
I--~ - ~ ­

l _ _ 0._ 0 

703 - 704 


687 - 703 


! .., ­
68 6 - 6871-------; 

·- \ 
r ~ - - --. 1 

i -- - . 1 
I- - .-- ' .I ___ i 666 - 686i i0 _ _ _ _ ­

l o ~ -- -· · i 

!" ~'-- -- , 
. . . ..__ . 1 

I , 

1 -=~--~ . ! 
! .-- --- ' 

_.'- _ -- ·-1 

1- ----. r·..·-·.-- ., 643 - 666 
! .­
i---=:::,
1- ----- i1- •__ ... _, 

' - ~~ - - !I :---~
- - -, ,- ! 590 - 64-3 

!-:==.! 
1 -' ' 
( ,. .-.-. . 
I ;
i .~~ ~ -=-J 
• I 
t ~ . . i 

i---·· · ·! 

] -- .._.. ­ 58 5 - 590 

Fe e t 

12 

1 

16 

1 

20 

23 

53 

5 

Description of Rock 

Fine ly l amina ted j b a n d ed 
ironstone! oxidise d. 

P a le-greyish bl~ckj well­
l amina ted, banded iron­
stone) slightly c q,lc a r eou s 
a nd c ont ~ining a f e w t hin 
interc 8l a tions o f black, 
non-ma gne tic silic eo u s 
s 11 Dl e . 

Pitch-black, hard and brit ­
tle, non-magnet ic s 11 8,le. 

Gre y-blue! well-laminated , 
banded irons tone with 
occ as iona l s e ams of cre ss -­
fibre crocidolite a n d ma s ­
s ive riebeckite. A s ingl8 
l a yer of bla ck sha l e , 4 
inches thick at 69 6 f eet . 

Whit e -grey che rt, c a lc a r e ous 
::m cl di s pla ying "boud ina ge il 
s tructure . Foot-wa ll Mar­
ke r, B Ree f, Whiteb a nk Mine. 

Gre yish-ye llow, fine ly l~­
mina t e d, bcmd e d ironstone 
with int e rc cilations of 
black shaly ma terial a n d 
whi t e , cherty mat eria l 
c ontaining c a rb o na t e . 

Light-brown, slightly c a l ­
c a r e ous chert with inter­
c a lations of finely l ami ­
n a ted sha le. 

Fine ly l a mi n a t e d, banded 
iro n s tone , slightly c Cl lc rl ­
reous. Chert l a mina e gre y. 
Occa s i on a l s eams of c r os s­
fibre crocidolite and Se aJl1 S 
of ma s s ive riebeckite. 
Thtn b l a c k shFll e , hard 811 d 
brittle ) a t 640 feet. 

Fine ly l a mina t e d b a nde d 
tronst on e with a lte rna ting 
l a minCl. e o f white and g r e y ' 
che rt; non-c a lc a r e ous. 
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Elevqtion Thick-
a bove Dolomite nes s 
(fee t) Fe e t De script ion of Rock 

579 - 585 6 Finely l ;:1IDina ted banded iron­
stone with l rrm inae of a l ­
t e rna ting r e d a nd grey c h e rt ; 
non-calc a re ous. 

552 - 579 27 Finely l a mina t ed bande d i r on­
stone vvi th l a min a e of g r ey 

•• J a nd greenish-coloured c he r t . 
Croc idol ite se ams at inter ­
v a l s a nd oc c asional sc ams... _.. t 

J 	 o f mas s ive riebeckitej 
non-c a lc a r eou s .I -.-- ~ 

I ' " -. - . 
J J 527 - 55 2 25 Finely laminated b anded iron ­
i " ·· .! 
i ... ~ - stone wi t h l aminrte of al ­
1• • te r Yh'1.ting white and gre yI. .. . j 
1 ' 	 c he r i ; slightly c a l c a r eous.
I _ .! 

i 
i t 474 - 527 53 Coarsely l am inated b '::l.l1ded 

ironstone; ma gnetite lqmi­
.- -- . . _i nae thin~ l amina e of Vvhi to - .._. J 

; ". 0": a n d gre y che r t medium-thick) 
; 
I : 

! single seams of mass ive 
i .___ i riebeckite ; calc a r e ou s .
I.. --:I 458 - 474 16 Al te r na ting l a ye r s of fi no l y 
1--~-: .! l umin ated b a nded ironstone, 

)'. -- ~ i larn in3.c ,:mdwith of brovvYl. 

. - ".. 1 gre y che rt a nd co a rse l y 

.. _ • __ i 

l 	 l amino.te d j b a nd e d ironst on e 
with me c1iuro-thic k l amin:;Je'! .~~~.~= i 
of wh it e Gn d grey che r t 1 

no n-c a lc a reous; seams ofi ~-~~ J 
IDoss ive ricbe ckit e t ow~rd s1 -- i 

I. - . I 	 b ase. 
I1 _-" ' ~7~ j 

) 
, 

' . 
I 
J 418 - 458 40 Coa r se l y l aminated b a nded .. . I 

irons to ne wit h laminae o f
\--:" -1 wh ite and grey c he rt ; s light­
; . " 1 ly calc a reous. Several thin 
i -- i i nterc a l a tions of bla ck
I -~- ' I, shal e , har d and bri tt l e . 
1- - ­ 1 

i ___ __ 1 405 - 418 13 Eve nly l aminat ed b a nded iron­
sto n e with l ,,:nninae of wh i to 1 

! -. : ~:' . ! grey and brovm c he rt !m el 
i nt eroedded seams of eroc i ­

i...... \ doli te; n on-c a lcareous. 
1 . 
' " . _ . ~.. 1 
I . . ... I 358 - 405 47 Coarse ly l amina ted b a n d edi· ·.. .! 

ironston(~ with l aminae of 
wh ite and gre enish, a n d 
oc c aS i on a lly brown and red 

I 	 che r t . Thin int erc ala tions 
I -. i 

of blD.ck sha le a t une Cfual._-.' i, 	 interva ls. 
1 346 - 358 12 Fin e ly l s,minated b a nded iron­

J • 
I 
J 

st on(~ wi th l amina e of light ­
I ' . _. ~-~j gr ey and greenish c he rt; 

s light ly c alc ~ reous . Oc c a ­
I siona l thin inte r cal at i on s 
I of p itch black sha~8 . 

~_-.:. '-
1
I 268 - 346 78 Finely l a mina t ed b a n d.ed 
I 

i . 	 irons tone with l a mi nae of, .. I 
. . . I white and br({i)vm c he r t :md 

J -- . .. !I occ asion a l s e a ms of mas s ive 
r iebe c kitc ; c alc a r e ou s i n 

- : ~..-. i 
J 	

l owe r p ortion but non- c ~l­
c ~reous towar ds the t op. 
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above Dol om t t e 
(fGet ) 

263 - 268 


222 - 228 

18 3 - 222 

180 - 183 

177 - 180 

173 - 177 

1 48 - 17 3 

1 43 - 1 48 
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Th ick­
ness 
Feet 

5 

6 

39 

3 

3 

4 

25 

5 

Descript i on of Rock 

Fine l y l ::,mi nat ed ban de d i r on-
st one with l am i na e of brown 
chert a nd se ams of m[ls stve 
rieb e c k i tq n on-c a l c a r eous. 

Fine ly l aminated b anded iron­
s t one wi th l aminae of r e d 
a nd b r own che rt ; s lightly 
c alc ::.t r eou s . 

Finely l amina t ed b ,:mde d i r on ­
sto ne with l amina e of wh i te 
a nd brown c he r t ; non ­
CalC 8 rE; ou s . 

Fine ly l aminated b a nded iron ­
stone wi t h l aminae of white 
and dark g r ey c he r t; car­
b ona t e-rich . 

Lamina te d b :cl nded ironstone 
wi t h l amina e of white a nd 
brown che rt. Lenticular 
textu r e in chert l aminae 
c au se d by small "le ns e s !l of 
whi t e che r t in b rown c he r t ; 
s l i gh tly c a lc a reou s . 

Fine l y l amina t ed b a nded iron-­
stone with l amina e of white , 
grce n and brovm che r t ; 
non-c r-:.lc a re ous . 

Lami nQted ba nded ir onstone 
wi t h l aminae of whi t e a nd 
gr een che rt, bedding l o c ~lly 
conto rt ed, slightly cal­
CClr eous . 

Fine l y l Clm i na ted ba nded i ro n­
stone 1["it h l amtnae of INh it e 
a.nd gre y che rt, varying i n 
t hickness f r om a f r a c t ion of 
an i nc h to four inc he s; 
c :-:, lc a r eous in pla ces . 

Fine l y lamina ted bn,nded iron­
s t one wi th l aminae of whi t e 
and r ed che rt; slight ly 
c a lc a r eous . 

I rregul a r l amina t ed banded 
ironstone with l ami nae of 
wh i t e .:md g r e y chert 9 
sli ghtly c a lc a r e ous . 

Dark-b l a c k , h a r d and britt l e 
sha l e , non-magne tic. 

Finely l ami na to d Ii sh31e 11 (b ~).n­
de d irons tone) with l ami na 2 
of wh ite a nd gre eni sh ­
c ol oured ch e rt an d ma gne t i t o; 
c alc ~reous in part • 

Ftne l y l amtnat ed ban r1 ed i r on ­
s t one with wh i te and g r ey 
che r t lami nae ; non­
c a lc PeTe OU S • 
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Elevation Thick­
c],bovc Dolomite ness 
( feet) Feet Description of Rock 

117 - 14-3 26 11!l:-:J.ss iv2 vvh i te - gr e y c he r t v'l i th 
interc ql a ti ons of grey c he r t 
2.n d occ asio n al thin b cJlds of 
h a r d a nd b ri tt le blac k 811.(:[ l e . 
Che rt c a lc a r eous in part . 
Littlc magnct ite p r esent . 

104- - 117 1 3 Black sha l e , hard and brittlc . 
Several intercalated l aye r s 
of Ilyri te . Non-maglll:: tic. 

86 - 104- 18 Gre y a nd whit e b~ndcd c hert, 
be dding c'l_istorted j slightly 
c a lcareous .

1-- -- j
; - - . .- ; 

83 - 86 3 Da rk-grey chert tU terwltinp; 
with subcrdinate layers of 
da rk- grey sha le; slightly 
c ~.lc OoT e ou S • 

1 5 - 83_ 8 	 Dark-grey do lomite. 

10 '?~ 5 White - grey b a nded chert a n ] 
interbedded thin l~yers of 
pyrite . 

60 70 10 Dark- grey do lomit e with 
inte rc a l q tinns of chert. 

49 60 11 White ;lnd grey b anded c hs rt; 
c a lc a reou s in part. 

I - •.: -~-I 
t-,' - , - i 4-6 - 4-9 3 Har d b l a ck shal e? non-mc;,gnc ­

i' -j tic ~ i nterbe rl dcd wit h thin 

I - - i layers of i d61Qmite . 

I- - =.:_ 43 - 4-6 3 Alternqting l aye rs o f dark ­

grey (lo l om i te a n d oli'wk 
chert . 

39 - 4-3 4-	 Wh i te C1. nO grey che rt. 

o 	 39 39 Alternat ing l aye rs of g r ey 
dolomite and greyish- b l a ck 
chert. 

'" "" ' , 62 Massive gray do lomit e wit h 
i" · 

_.-: - -- - --I dissemina te d pyrit e (Logged 
~ ! by B. Fre e; ) 

in the individu a l thicknesses of the a ltern a ting 1 8minae 

of ma gnetit e and cr,e rt a nd the colour of the l a tter. The 

th ickno ss of thG che rt l ;-uninae v a ri c s from f inely t o 

c oarse ly l a mina ted , but the variation in thickness of 

indi vidu a l magnet i te l am ina e i s 1288 obvi ous . The chan ge 

i n the colour of the chert 1 8.min ae i s generally Qaused 1iy 

:the r e l a tive :'l:rrwunts o f microcryst<'lllil1G qU EJ.r tz 9 minnosc -­

t a i to a nd s tilpn ome l8l1c . The c he rt l amil1f.l.e a re ge ner;". l ly 

<lu i t e fr ee from dissemino-ted magnet it ;:; g r a ins. CarboYl' ;_t c 

i s f s.i rly abundant in the c he r t l ami nae o f particula r 

zones rmd wh e r e the chert LUDin:=te ?er o composed chie f l y 

of microcryst a lline Qu:].rtz Clnd Rce e ssory c ::lr bcnate the 

co l our of tho laminClo is usua lly white or light g r ey . 

The: pro senc c of c ;::.rboDate i s easily detec t o c1 by 11 s i n g 0 

; . , 

i ~-~-- '--­
, -­
; 

I- ­ _ 

! 
- _. ,

I 

-_ .. -' --; i 
_c __ -- ' 1 

_i 
I 

. ···1 
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weak solution of hydrochloric acid. From the columnar 

section given above it is obvious that carbonate is a 

common constituent of the banded ironstone. More details 

about the constituent minerals of the banded ironstone 

will be given under the description of the petrology 

of the se roc ks. 

Another feature of the banded ironstone is the fre­
quent occurrence of thin intercalations of dark "shale 1\. 

They are especially abundant towards the base of the banded 

ironstone succession and play an important role as marker­

beds in all the existing asbestos mines in the Kuruman 

area and for that matter in the entire area in which 

crocidolite is mined in the Cape Province. In the mines 
they are referred to as siltstone, mudstone or shale and 

display a characteristic conchoidal fracture. The rock is 
usually pitch-black in colour and quite often carries 

pyrite. In tho zone of oxidation this rock-type weathers 

to a deep-yellow, clay material. Not all the so-called 

"siltstone ll interc8.lations found in bore-hole core and 

in underground workings were examined under the microscope 
but all of those which were examined point to the possibi­

lity that this rock-type is actually a recrystallised 
volcanic glass or tuff (p. 1413 ). 

Further evidence obtained from the detailed section 
through the Banded Ironstone Substage is that the contact 

between this substage and the underlying dolomite of the 

Dolomite Series is clearly transitional. The transition 

from pure dolomite to banded ironstone takes place over a 

vertical distance of some 200 feet in which distance the 
succession is characterised by alternating layers of banded 
chert varying in colour from white to black, with all 

gradations of grey in between, grey dolomite and black 
shale. It is also shown that the uppermost layer of banded 

chert (Table 3, 117 to 143 feet) becomes slightly magnetic 
owing to the presence of disseminated grains of magnetite 
in some laminae and is succeeded directly by finely 
laminated banded ironstone in which magnetite laminae are 
a prominent feature. The chert found in the transition­

zone between dolomite nnd banded ironstone is conspicuous­
ly banded owing to alternating laminae, each composed of 

different quantities of microcrystalline quartz, minnoso­

tai te and carbonate mainly. Stilpnomelane is gener~3.lly 
pre sent in subordinate amounts, "out may become abundant 
in particular laminae in the banded chert. 
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(b) The Jasper Substage 

This substage follows conformably on the Banded 

Ironstone Substage and is distinguished from the latter 

by its predominantly siliceous, more irregularly banded 

and thickly bedded nature. It is composed mainly of 

yellow-brown to dark-brown, poorly bedded jasper con­

taining subordinate intercalations of banded ironstone 

at several stratigrqphical heights. The substage also 

contains a number of thin layers which display conspicuous 

characteristics and accordingly serve as excellent marker­

beds. The Substage reaches an average thickness of 610 

feet in the Kuruman area. 

The main components of the Jasper Substage can be 

tabulated as follows:­

( v) The "Potskerf" or Potsherd Marker 

(iv) 	 Jasper with subordinate bands of massive rie­
beckite-rock (Riebeckitite) 

(iii) 	 The Magnetite-chert Marker 

( ii) The Speckled Marker 

( i) The Main Marke:-< 

The stratigraphical distribution of the Marker-beds 

and their chief characteristics are listed in Table 4. 

In the following pages additional information on 

the different marker-beds as well as the jasper layers 

between them is given under separate headings. 

(i) The Main Marker 

Topographically the Main Marker almost invariably 

forms a prominent cliff or led~ immediately below the 

general gentle slope formed by rocks of the overlying 

Jasper Substage. The marker-bed is well exposed over 

long distances on a number of farms ego Whitebank (12) 

and Eldoret (HI). The jasper layers in the Main Marker 

differ from those in the overlying Jasper Substage in 

this respect that the bedding-planes of the former are 

strongly warped and give rise to irregular, uneven and 

undulose bedding-plane surfaces. In addition these 

apparently contorted layers of jasper contain numerous 

lenses or drawn-out, lenticular bodies of greyish-yellow 

chert set in a matrix of darker, yellow-brown, jaspery 

material. The lenticular bodies are generally arranged 

with their major axes at an angle to the direction of dip 

of the rocks and are flattened in the plane of the bedding. 
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Table 4. - The Stratigr:lphical distrib..£!ion of the 

Marker-b ed s a nd their chief characteristics 

Stratigra­
Marker­ phical Po­ Thick­ Rock­

bed sition ness type Characterist ic s 

"Pot­
skerf" 
or Pot­
sherd 
Marker 

MA,gne­
tite­
chert 
Marker 

Speck­
led 
rvhrker 

Mrlin 
Ma rker 

220 to 240 
f eet above 
Magnetite;... 
ehe rt T\:;:ar­
ker 

50 t o 60 
feet above 
the Speck­
led Marker; 
140 t o 160 
feet above 
the Ma in 
M8.rke r 

80 to go 
feet abov e 
:Main 
Ma rke r 

Immedia tely 
above Ban­
ded Iron­
st one Sub­
stage 

Nine 
inche s 
t o thr8e 
fe e t 

One to 
two 
feet 

Six 
inches 
t o 
four 
feet 

Ave­
r a ge 
of 40 
feet 

l ar 

Chert and Disc-like fra g­
ferrugi­ ments of white 
nous and grey che rt 
chert are set in a ma­

trix of ferru gi­
nous chert and 
orientated pa r a l­
lel to or a t 
different angles 
to the bedding. 
The marke r-08 d ', 
is reminisc ent 
of a t ectonic 
breccia. 

Thickly Lamim:tc of mag­
l amina­ netite (hematite­
ted ban­ goethit e in out­
ded iro~ crop), up to 
stone half an inch 

thick alternate 
wi th 1 8,minae of 
white-gr e y chert 
of a pproxima t ely 
same thickne s s . 
Crocidolite, si­
licified in out­
crop, is a s so­
ciated with the 
marker-bed in 
m8.ny pla c e s. 

Poo rly Massive nature 
bedded t o and c olour of 
massive? j 8,sper and it s 
chocolate conchoidal frac­
c ol oured, turing. Pre se nc e 
jaspe r of c oncretionRry 
enclosing structures of 
c oncre ­ different 
tions of c ol our. 
yellow­
brown 
chert 

Po orly Bedding-plmes 
bedded are strongly 
jaspe r warped. Lenses 
and in­ and lenticula r 
tercala­ bodies of ye l­
tions of low-grey che rt j 
well­ reminiscent of 
b edde (1 "b oudinage If a re 
ba nded found in the 
iron­ yellow-brown 
stone jasper. Upper 

16 to 24 inches 
composed of a 
zone of frq;rgneniBl 
rocks very -s i~i-

t o the f otsherd Marker. 
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The uppe rmnst 16 to 24- inche s of the Main Marke r is 

characterised by a zone of fragment8.1 rocks which consists 

of disc-like fragme nt s composed of whi t o to grey chert, 

set in a matrix of brovvnish, cherty material. The che rt 

fragments look like flat discs with approximately oval 

or circular outlines when viewed perpendicular t o the 

bedding-planes. The diameter of the discs varies fr om 

about two to five inches. The flat sides of these 

discs are generally orientated parallel to the stratifi­

cation of the adjacent layers of jasper, but discs in­

clined at a low angle t o the stratification and some per­

pendicular thereto are not uncommon. The width of those 

discs in cross-section varies from about a quarter inch 

to more than half an inch. (Plates I and II). 

The zone of fragmental rocks belonging to the Ma in 

Marker becomes far more prominent towards the south in 

the area between Kuruman Find Danielskuil and beyond where:; 
it attains thicknesses ranging from two to about five 

feet (Plate I). 

Following immediately above the Main Marker in the 

Kuruman area is a zone of banded ironstone l5 to 30 fe e t 

thick, which in some localities is the host to seams of 
crocidolite and massive riebeckite. This b8.nded ironstone 

zone is succe e ded by layers of poorly bedded jasper dis­

playing a yellow-brown to da rk-brovm colour and having 
smooth and shiny weathered surfaQes. At ab out 60 to 70 

feet above the Ma in Marker the jasper bec omes more ferru­

ginous over a short distance. Bedding in this portion is 

better developed and the rock attains the character of 

a banded ironstone. 

(ii) The Speckled Marker 

This marker-bed varies in thickness from about six 

inches to a maximum observed thickness of four feet. 
Despite its habit to attenuate quite rapidly over relative­

ly short distances it remains persistent over the gre a t e r 

part of the Kuruman a rea. The rock constituting the b a nd 

is composed of a matrix of dark-brown to chocolate­

coloured, cherty material in which light-brown to 
yellow-brown concretionary structures ar:~ distributed ;J,t 

random. These concretionary or nodular bodies are re­
ferred to as "speckle s II from which the name Speckled 

Marker is derived. The rock bas a perfect conchoida l 

fr acture and, except f or the e.pparent absence of bcdc1ing­
planes and the presen8e of the I1speckl e sii, it resembles 
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the jasper f ound immed i at e ly be l ow a nd ab ove it. 

The c oncretionqry b od i e s or "speckle s i' a r e sub angula r 

t o subrounded and di s play diffe r ent f orms in outcrop, 

va rying fr om r ectangula r through ov a l t o perfectly round . 

Gene r a lly the c oncretion s a r c sphe ric al? slightly fl a t­

t ene c1 in the pLme of the bedd ing ~ or e llipsoidal. The ir 

size s v a ry fr om l e s s t han a Quarter inch t o ab out three 

quarte rs of an inch in d i amete r ( HI-I 359). 

Tw o type s of c oncre tionar y b odi e s have b ee n obse rve d . 

Some a re c ompos ed of light-ye llow, che rty mat erio. l and 

appa rently no ot he r mine r a l c onstituents except in s ome 

specimens in Which a numb e r of minut e s p ecks of dark­

brown t o black, f erru ginous mat eri a l a r e pr e sent a t 

irre gula r int e rva ls. The ma j ority, h owev er, display a 

pa rti a l t o well-defined c oncre tionary structure . In the 

l a tt e r type (Se cti onHH 79) the out e r edge of a "speckle " 
is define d by a ve ry thin, dark-brown t o black rim of 

close ly sp ace d gra ins of he matit e and goethit e . In 
exce.ptional c a se s it is acc ompanie d by lenticular, cur­

vilinear streak s of magnetit e . This rim of da rk-c ol oured 

ma t e ria l ge nerally acc entu <1t e s t he circula r or ov a l out ­

line of the c oncreti ona r y s tructure . It is f ollowed 

inwa rds by a l a ye r c 0mpos e d of microcrysta lline qu art z 

a s t he matrix in which xenobl a stic t o poikiloblastic 
crystals of hematite a nd goe thite are distribut ed at 

r andom. Occ asi onally the se crystals, ac c ompani ed by 
irre gul~r gr a ins and minut e granules of the s ame iron 

oxide s, t end t o f or m curved streaks approxima t e ly p~rallel 

t o t he outline of the outer ferruginou s rim of the b od i e s. 

The c ore of the b od ies i s usua lly darke r in c olour 

than the zone s ''''h ich imme diat e ly surround them owing t o 
t h e conc entra tion of iron ox i de in the c or e s. Some of 

the fe rr~ginous c or e s a re r emar kably angula r and display 

sQu a r e , r ecta ngula r a nd a lso triangulc\r f or ms ( Section 
HH (9 ) . Other s aga in a r e subrounded whe r eas in othe rs t he 

c or e may be split in two separ a te porti ons c emented by 

the s ame mat e rial which ~urround ~ the comple t e co r e . Some 
of th(~ c ore s a r e c ompose d of 2_lte rnating l aminae of 

f erruginous a nd le s s ferru ginous materia l, thus displ a ying 
a c onspicuous banded structure . One pa rt i cula r c ore c on­

sists of a l amina of a l most pure microcrysta lline QUP,rt z , 

0 .8 mm thick, b ound ed on b oth side s by l aminae 0. 8 a nd 

3.8 mm thick r e spective ly, which a r c c omp os ed of micro­

crysta lline quartz in wh ich goethite is di s pe rse d . Th i s 

phe n omenon of clearly bande d portions surrounded by 
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material displaying concentric growth would indica te 

tha t the core s of the concretions represent fragme nts of 

a laminated rock around which concretiona ry growth to ok 

place. In other concretions the bulk of the material in 

them is c omposed of mas s ive riebecki to vvhich is silicified 

to varying degrees a l ong the outer edges. 

It should be mentioned that several thin l ayers simi­

lar in appearance t o the Speckled Marker are found in 

close proximi ty with this marke r and generally below it. 

These layers are, however, much thinner and a re as a 

rule far less persistent. The concretionary bodies in th Offi 

layers are also less abundant so that portions of a 

particula r layer may be devoid of a ny concretionary b odies 

over several yards. Another "speckled" layer of this type 

is present some 65 feet highe r in the succession, but 

this layer is also only developed sporadically. A 

phenomenon which aids in the recognition of the true 

Speckled Marker is the pre s cmce of ferruginous, fairly 

well-bedded j a sper, which grades int o banded ironstone in 

places, closely be low or above this marker. Crocidolit ~; 

is developed at intervals a long the ferruginous zone. 

In the Kurum2.n a re a and farthe: r n orth tO ITvards Hcuning­

vlei the Speckled Nlarker serves as an excellent marker­

bed, but it become s l e ss r81i3ble t o the south of Kurull:an 

where several thin l a yers similar in appearance to the 

Speckled Marker are found at odd interv'.1 ls in tho j aspe r? 

none of them ve ry persi s tent (eg. on Carrington, J2). 

( ... ')lll/ The Magne tite-chert Marker 

Above the Speckled Marker yellow-brown to brown 

jasp3 r continues for some 50 t o f)0 feet before the next 

layer which serves as a marker-bed is enc ountered. This 

marker-bed is locally referred to by prospectors as the 

"Quartzite ii or IISandstone Ma rker". Enge lbrecht (1962), 

in a short paper on the marker-beds in the Kuruman are ~ , 

coined the name Magnetite-chert Marker for this particular 

layer. Although the chert layers or l aminae in this 

marke r-bed strongly resemble medium-grained quartzi te in 

surface-exposures they are actu ~lly compose d of micro­

crystalline quartz anc~ are therefore of non-clastic origin. 

In the present paper therefore, the name Magnetite-chert 

Marke r as proposed by Engelbrecht 1 will be r e taine d. 

Tho Marker-bed is strongly weather-resisting a nd in 
spite of its small thickness it outcrops prominently, 

 
 
 



-40­

frequently figuring as a low ledge. 

Individual layers of chert are generally devoid of 

ferruginous material, but in places equigranular grains r,f 

magnetite are dispersed through the matrix of microcrys ­

talline quartz. Where exposed these magnetite grains ~re 

generally altered to hematite and goethite and in many 

places are completely removed through weathering. In 

the 1acter case the surface of the chert layer is minut e ly 

pitted so that superficially it resembles a fine- t o 

med~um-grained quartzite. Where the disseminated grains 

of iron oxides are still present in the chert layers the y 

display a finely spotted surface. Occurrences of this 

type are well preserved on England (11) and at the 

Parad ise Island prospect in the Lower Kuruman Native 

Res erve (G2). 

(iv) 	 Jasper with subordinate.:t..a.y~rs of massive 

riebecki te-rock . 1 . '. , . 


The Magnetite-chert Marker is succeeded by another 

thickness of yellow-brown jasper in which yellow-brown 

t o rendish-brown layers of ferruginous and siliceous 

mudstone and shale become prominent. From closely below 

the Magnetite-chert Marker to about 220 to 240 feet 

above it the J asper Substage is characterised by the 

frequent occurrence of thin, hard, blue l ayers of massive 

riebec'kite. Their thickness ranges fr om a c ouple of 

inches t o about one foot and the y are characterised by 3­

general dark-blue to brown c olour in which isolated 

patches may display a deep blue colour. These ri~b€ckit~ 
layers a re composed chiefly of densely matted laths of 

riebeckite and are strongly weather-resistant. In the 
uppermos t rtebeokite layers crocidolite is sporadically 

developed as thin SJruIlS which generally fade out within 

a couple of inches along the direction of strike of thoS3 

rocks. Irregular fracture s in these layers are often 

filled with disorientated, acicular crystals of riebeckite 

or with slightly blue-coloured quartz. The cross-fibre 

which occupies the vertical and near-vertic8l fracture s 

in the massive rti.e'lnoki±e' layers looks like crocidolit Ce? 
superficia lly, but it is generally hard and brittle. 

Certain layers of siliceous mudstone ancl. shale in 

the succession in which the riebeckite layers are 

developed and also certain layers towards the top of the 

Jasper Substage cont a in concretions and septarian nodul os 

of various shapes (Sp. HH 553-555). The concretions i r 
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t hese l aye rs range in size from l ess than a quarter of 

a n inch to more than six inches in diameter and a r e dis­

tribu t ed a t r and om in the l a y e rs. Their shape gen2r a l ly 

v a ries from subspheric a l to d iscoidal, but e l ongated 

bodi es a re a l s o common (Plat e III ) . Interna lly the 

concre tions are concentric a lly banded, separat e bands 

di spl aying different colours . In s pecime ns c ollec t ed 

from surfa ce-exposures all t he concentric bands in the 

concre tions are a lmo st exclusively comp osed of very 

minute gra ins of chert a nd accompani ed by hemat it e ( mar ­

tite ) a nd goethite. La rge crystals of martit e wi th 

irregular outline a nd c ommo nly includ ing remnant s of 

magnetite are unequally distril)u t e d in th3 matrix of 

chert . The outer e dges of the concretions form sm ooth 

surfaces wh ic h distingQish them sharply from the 

enc lo s ing rock. 

The conc e ntric l ayers are trav ersed by a ser i cs of 

concentric and r ad i a ting c racks whic h a r e filled wi th 

ye llow or s lightly green qu a rtz (vo n Bac kstrom, 1963). 

At and close ly below the u pper limit of the j aspe r 

succession in which the septarian-bearing beds a r e :~ur ~ 

a se ries of close ly-spaced massive ricb eckite l aye r s 

genera lly forms a conspicuous cliff. These l aye r s are 

particularly well displa yed on Et t ri ck (II). Th e riG­

b eeki t e layers a re s e parat e d by l aye rs of j asper which 

often display the same bed.d i ng- p l a ne irregul a ri t i es as 

the jasper l ayers i n th ,:; Ma in ]\;lar k: r. 

At the l a tt e r loc a lity i so l ate d l enses and l enticu­

l a r bod i es of massive riebeckite, measur i ng less tha n a 

foot along the ir maj or a x ::; s , are embedded in the j a sp (~ r 

l a ye rs. These riebeck it e lenses are often pr ese n t as 

nodular, pear- shape d bodies whi ch may b e r ounded a long 

the one edge whoreas the other point t ape rs out graduall~ 

a long the plane of st r a tificat ion. 'T he bedding in the 

enclosing jasper commonly conforms to the shape of the 

mass ive riebeckite bodie s. The b and ing below a body r e ­

mains fairly s tra i ght whe r eas that above c'Il rves do vm a nd 

comes to r est u pon the lo we r bedding- plane a wa y from tho 

tape rin g end of the body . The vertical dimensions of n 

particular pe a r-shaped maS Sl ve riebeckit e body may r a npe 

fr om ab out four inches from the one e nd to about 

half an inc h at t he tape rinp (md ( Plate IV) . 

The asymmetri cal form of the massive rie b eckite 

bod i es and the gene r a l conformity between their outer 

edge s and the banding in the ,j aspe r would s u ggest tha t 

the lumps of amphi.bolit i c ma t erial re pre sent fragrnunt s 

of materia l which at one stage or anoth 2r c ame to r es t 
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like fragments or d isc s set in a matrix of dark-grey 

t o b r own t f orruginous che rt or j aspe r. If/hen vie wed 

pe rpend icular t o t he pl rme of bedr'ling the fr e.gments :lr s 

present 2.S subEmgul a r t c subrounc1ed d i scs . The d i s cs 

vary fr om less th~tn one inch to :lbout four inch2s i n 

l e n gth a n d a r e seldem mor e t han h a lf an inch t h ick. In 

cross- sec tion t he f r agme nts a re c ommonly or i e nte d paralle l 

t o o r at a l ow a n gl e to thc stratific a tion. In some 

pl a c es indivi du[11 fr~,f)"ments or a g roup of adj ::lCcnt fr 2cg-­

me nts adopt a position a t right angle s or noarly s o t o 

the bedding . Vilhe re t hree or f ou r close l y separ ated frag­

ments atta in a near-vertical pos i tion the ge n e r a l t e n dency 

f e r them i s to fan out on one s i de thus f orming a pa ttern 

similar t o a fowl's track . EG c s-use of tho pr e senc e of 

such pat t e r ns some prospectors r e fer to this ban d as the 

llHa nepoot" Mar ke r (Eng . "crow 's-foc t Marker"). 

The edges of mn,ny of the fr8.gments a r e s li ghtly r CUD-' 

d'J d~ but t h.::: majority are an~J.lar t o subangul '1r a n d ta­

perE)d. Longe r one s aT'? f requently bent so th8.t one per·­

ti on of the shard lies p a r a lIc 1 t o the stratification 

whereas the r es t of the b o dy lies at '?,n a n gle to the 

stratifica tion. In othe r e xp osur c3s ugain a fr a2,lDent n;[t,y 

h 2vve looth e nds bent up li1ro the rim of a saucer. (P l at;) V). 

On weathc r Gd surf::iC8s the fragme nt s a lmost inv9.r iFtb l y 

displa y a white-grey colour which f orms a strong con­

tras t with the brown~ ferruginous gr ound-mass . 1:'he 

cem8nting m~te rial is a lways mo r C? ferruginous than the 

frngment s themse lves. Cn the whole this r ock-typo c orres­

ponds ve ry much "'lith the thin zone of fra E,1Ile nt a l r ock 

which c onst itutes the uppe r porti on of the M~in M~rke r. 

The l a yer s of fra {'srnent a l r ock s \llhich are found in 

the succession abov e the P otsherd liTarke r a r e s imilq r in 

appear a nc e to this marker-bed, e xc ept p e rha p s tha t the 

thickness of individu a l fragme nts in the upper beds is 

gr eater. In a r e e s where only thre e such laye rs were 

obse rve d only t he uppe rmost one c ont a ins fr agme nt s of 

r ed-c oloured jaspe r. 

Above the pot sherd Marke r prominent layers of sili­

c eous mudst one and sha l e (Wd 355) a r e present~ individual 

beds varying in width from a f ew f e et t o mar e tha n 30 

feet. All those r ocks a r e ferruginous and silicifie d . 

Snuff-box structures Rr e commo n in many of these l a yers, 

f-:" nd c Clrb on 8.te ont e r s into the compo siti on of the 

-, ( 

 
 
 



44a. 

(vi) The Origin of the Marker- beds 

The main Marker in the KUI'lunan Area, as pointed 

out on li. 37 9 contains fragmcntal material at it s top . 

This zone become s more con :3p icuous tovvards Danielskuil 

where, south of the villago , two other zones a re de ­

veloped lower down. The zones are very similar to the 

Potsherd Marker and most probably have the same mode of 

origin. For this re aso n the origin of both these marker­

bed.s will be discussed s imultaneously. 

The zone of fragmental material at tho top of the; 

Main Marker is remarkably persistant j displays some de -­

gree of sorting in places (p. 78) and a pparently ret a ins 

the same stratigraphical position . These characteri s ­

tics would i mply that it may represent a n intraforma ­

tional breccia . The Potsherd Marker is l ess persistent 

and in some loc a lities is found to occupy different 

stratigraphical positions. However , the difference in 

stratigraphical height i s se ldom more tha n a fei-v feet . 

In both mark8r - bods the disc -like fragments arc 

composed of almost pure chert whereas the cementing m:.l­

teria l is conspicuously ferTuginous. Should these zones 

of fragmental material be regarded as of tectonic origin 

it would be difficult to explain why the fragments and 

the cementing material are so different in composition. 

It is suggested that the frs.gmental material origi-­

nated during periods vvh"n the floor or portions of the 

floor of the o.epos i tional "basin vvere exposed . Stru_cttlre s 

similar to mud-c rEwlcs developed and with subseqttcnt 

buria l the fragments were cemented by more ferruginous 

chert. Slight currents could have contributed to the 

disorientation of the disc-li ke fragments. It i s pos­

sible that some discs were transported over very short 

distances causing some degree of rounding. 

The Speckled Marker contains concretions, some of 

whic h have cores that are clearly laminated. This would 

indicate that concretionary growth took pla ce around 

solid particles (p. 39) . In other concretions or 

"speckles" the cores are compos ed of massive riebeckit e 

or silicified massive riebeckite . Pear- shaped bodie s of 

massive riebeckite a re also found in certain beds above 

the Spe ckled Marker (p. 42) . The relation between the 

boundaries of such bodies and the bedding of the en­

veloping jaspe r would indicate that the riebe ckite is 

of extraneous origin . 
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It is suggosted that many of the " speckles " in 

the speckled marker origina ted through concretiona r y 

grOi·vth a round clots of volc anic ash which sunk to t ho 

floor of deposition. Riebeckite developed from t he 

volcanic material. Ma ny core s of riebeckite were sub­

sequently silicified to such a degree that the origina l 

material can no longer be distingui shed. 

The ma gne tite-chert marker differs from the b a nded 

ironstone only in the thickness of the individual 

magne tite and chert laminae and therefore is regarded 

as having had an origin similar to that of the banded 

ironstone, viz. through the int er mittent precipitation 

of iron hydroxides and silica . 
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(c) The Tillite Substage 

The Jaspe r Substage is succe eded by the Tillito 

Substage whichj acco r d ing to the currently acceptc-;d. c orre ­

l clt inn, r epresents thc upper limit of the Lower Griquatown 

Sta ge . The tillite ag":t in is succ eede d by andesitic l av:J. 

of the:; Midrn(~ Griquc':l.town or Ongeluk Stage. 

This Substage attains a thickne ss c f some 50 t o 80 

f eet a nd is c omposed of a hoterogeneous a nd unsorted 

assemblqr;e of angu. l a r fragments and subrounded to well­

rounded c obbles, cemonted by medium-gra ined , redc1ish- t c 

purplc-brovvn, gritty materi8.l. We ath ered surfaces of the 

rock c ommonly display dark-brown to black c olours cc~u s ed 

by encrustations of oxides of iron and manganese. Peb ­

bles and fr agme nts c omposed of yellow-b rown jaspe r pre ­

dominate ~nd have evi ~ently b oen derived fr om the imme­

diately underlying Jasper Substage. Pebbles of quartz, 

qU8.rtzi te 1 dolornite 1 sho..l e ::md r ed j a sper a re f ounc1 

occ as i onally, whe re as pc;bbles of black and grey chert, 

probably derived fr om the Dolomite Series, are fairly 

frequent. In places the tillit e displa ys some degree 

of sorting 9 s hown b y a decrease in the size s of the 

frae:,rments p:Lnd pebbles from the bottom tovmrds the top 

of the sub stage. In such pl8.ce s pebble s 8Jld fr D.t-,'1Ile nt s 

in the basa l po rtion of the tillit e v a ry in size from 

half an inch to about five inches in d i Clmete r rmd decrease 

towo.rc1s the t op INhe r e the y a re much sm:-:tller on the 'J.VGr 'lgG . 

PurplG-brown sandstone a n d grey, feldspathic, gritty 

l~3.yc rs a r c pre sent :?vS discont inuous int e rC !?clati ons t ow-::.rds 

the top of the tillite. 

Con g l omera te h ClS be en r e c orded in th8 tillite 'iiiher(: 

it outcrops on the bo rde r between th e f 'lrms Hope lli"1r1 

Ventersrus (F2) some 40 miles no rth-west of Kuruma n 

(De Villiers, 1961, p. 6). The pebbles in this c c n g lmno ­

rate l) and a r e described :'1 S poorly to well rounded and 

slightly fl 8.t tene d. They arc~ mainly c omposed of greyish­

gre en 8.no b lack chert and are found togeth(:: r with sma ller 

pobbles of r e d j r:wper a nd white quartzite. The majority 

of the pebblGs v a ry in diameter from a quarter inc h to 

f our incheS . They a r c po orly sorted and a rc c eme n ted b y 

grey t o light - 1J r own, sandy and felsps.t h ic materi a l. In 

the a r ea, where the conglome rate i s pre sent the tillit o 

at t a ins a thic kne ss of ab au t 110 f eet . In tho KUrUYl13n 

area the tillit e i s e xp ose d !1 t a f ew p l'-",c e s only and 

8.1th cu gh well-rounded, pebbl e s are e ncountered in the se 

outcrop s n o de fini t c-; o:::m d of c on gl omera.t ce; c ould b e 
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distinguished. 

(d) 	 The Vertic a l Distribution of the Crocidolite­

bearing Zones 

As ment ioned in previous pages j crocidolite occur­

rence s in the Lowe r GriquatoYm Stage are restricted to 

certain strat igraphical horizons. Becau se of large-scale 

mining and drilling in the Kuruma.n a re a the vertical 

position of the crocidoli t e-bearing zone s has be e n es­

t ablished quite I've ll. Additiona l informa tion with regard 

to the vertic al di s tribution of these zones was also 

obta ined from geological mapping a nd from bore-hole rC'; 8ult s 

with the re sul t that the present k nowledge of the distri ­

bution of t he most import a nt crocidolit e-bearing zone s i s 

fairly complet e . Except for the ma in strat i g r aphic a l 

zones in which commercial deposits of crocidolite are 

knovvn to occur, occasional seams or group s of seams ma y 

be deve loped at elevations in b etween t he ma in zone s. 

Occurrences of this type are, however, seldom f ound a nd 

so far have not yielded concentrat ions of crocidolit e of 

any economic importa nce. Be cause the v e rtic a l distribution 

of the crocidolite -b e arine zo nes are, best de fined in t h e 

Kuruman area, the ir distribution in this area will be 

use d f o r t he correla tion, where possible j of the distri ­

but ion of similar zo nes in ot he r a r e8.S locate d in tbe 

Northern Region. 

In the Kuruman a rea the a sbe stos-bc; a ring rocks C ell 

be subdivide d into about e l e v e n se parat e zones. Four of 

them lie wi thin the J a s pe r Subst age a nd are of no great 

economic import ance. The r e ma inde r are found in t he 

Banded I rons t one Substage a nd include several important 

crocidolite-producing zones. 

In the Kuruman area it is customa ry to divide t h e 

crocidoli te-bearing zone s into an upper group and a lowe r 

group vvith the Main Marker as t he line of subdivision. 

These zones are locally r e f e rred to a s "horizons " and 

those occurring above the Main Mark(~ r are calle d the 

Upper Asbestos IIHorizons". They a re again subdivided 

into a Fir s t Uppe r i'Horizon", Se cond Upper "Horizon", 

etc. base d on the relat i v e vertical distance s at which 

each is found a bove t he top of the Tlhin Marker. 

The same subdivision i s a pplied to t he cI'ocidolit e ­

bearing zo nes be low the ~!I9,in Ma rker, except that the ir 

positions ar(; given in r c:: l at ion to the vertica l dist a nc e 
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between thorn and the base of the Main Marker. These 

Lowe r Asbestos "Horizons" are a ccordingly subdivided into 

a First Lowe r nHo rizol'f'" , Sec ond Lovver "Horizon" 1 etc. 

The t e rm "horizon" as us ed in €,:e olo g ical nomenclatur,; , 

refers to a surfa c e separ:J.ting t wo b o ds a n d he nc e has no 

thickness (Howell, 1957). This term can t he r e fore not be 

r etain,:; d in the d e s cript ion of the asbe eto s-b e aring z o ne s 

in the KurumO,n a r ea a nd is a ccordingly r epl a ced by the 

"zone i l term in t he t ext. For purposes of brevity the 

upper zones will oft en be r e f e rred to as t he First Uppe r 

or Se c ond Upper vvithout i),dding the word "zone i l 
• The 

same applie s to the lower zone s which will be refe rre d 

t o as the First Lowe r, Second Lower, etc. Tho subdivisi on 

of the v a rious asbestos-b earing z ones i s g ive n in 

Table ,5 .• 

Table 5. - Subdivision of Asbest os -bearing 

Zone s in the Kuruman Area 

Fourth Uppe r Zone 
Third Uppe r ZoneUpper Asbestos Zon es Second Upper Zone 
First Upper Zone 

'MAIN MARKER 

First Lower Zone 
Second Lower Zone 
Third Lovvt? r Zone 

Lovver Asb e stos Zone s 	 Fourth Lowe r Zone 
Fifth Lmver Zone 
S ixth Lower Zone 
Se v enth Lowe r Zone 

(i) The Lower Asbe s t os Zones 

# The se crocidolit e -bearing zone s constitute thr3 s o l e 

sourc e of c rocidol i t e in the Kuruman a r ea a s well as in ('-1.1 ­

most th(~ entire Northern Region. Their subdivision intc; 

First, Se cond , Third, etc. Low e r Zones in the Kuruman 

are a became a cust om in a ll ope r a ting mines in the area , 

but the ir subdivision from mine t o mine i s n ot very 

consistent. This is mainly bcc qu s e the r e e xists quito a 

varia ti Gn in th<:; width of 1 and in the numb e r of 

ind ividual fib r e - bearing laye rs of bande d ironstone 

which m3.Y c onstitute one z one . :Bo cau S,j of this varia ti un 

and the fr equ e ntly c ompl e t 8 abse nc e of crocidolit e itt 
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more so-c aIle d i'horizons" in different mine s 9 a t:..sage 

which h~s greatly hampered the correlat i on of crocidolito­

bc~ring zones frcm mine to mine. 

If the a cc nm:panying fiGUr,; 2 is consulted the r G.:!.cler 

will see that the subdivision into separate asbestos­

be aring z one s CDn b(~ done in quite a number of ways. 

Where crocidolite-bearing l a yers of banded ironstcne arc 

vertically close to one a nothe r the writer has reg~rd2 d 

them as b::.:longing to the SalI)C zone or where continuous 

fibre-bearing layers of b:LDcled ironstone at one lOCluity 

c oincide in ve:rtical position with a number of s eparate 

l aye rs at another centre, the separate groups of fibre­

boaring strat~, a lthough in places separated by fairly 

thick pa:rtings of waste, arc c ollective ly also regarded 

as b010nging to the s::unc zone. M;::tny of the current sub­

elivis i ons in the mine swill natur8.11y not co incide with 

the subdivision into scpa:rate zones as used in this pape~ 

out with the inform3.tion available at present the r E:gionnl 

subdivision of c:rocidolite zones in the Kuruman Clre a 

as given here is, with the present knowledge, re garded 

3,S the most logical. 

First Low,-: r Zone 

This zone is present immediat e ly below a nd in places 

partly I,vithin the l owe rm ost portion of the Main M3,rk~,~r . 

In the Kuruman a r ea this zone is well dev e loped in the 

Asbes and the 1["hi teb a nk Asbest os Mine 9 but a t the l a tt e r 

mine it is fo unrl at a shallovv depth below surface? with­

in the oxidized zone, and is therefore of no aconomic 

importance? 8.t l east not wi thin the first 200 fe e t belew' 

the surface . At this mine tho First Lower reaches 8. 

thickness of some 45 f eet , a l a rge portion of which is 

l ocated within the lowe r portion of t he Main Marker. 

k~- Asbes Mine the First Lower attains a thickness 

of some 35 fe et , some of th8 crocidolite seams also being 

loc a ted wi thin the I\'I '1in M,'Clrke:r . Here the crocidoli te­

bearing' strata are found b elow th(~ zone of oxidation and 

a r e mined. Except for the loc a lities mentioned above, 

the First Lower is usu ::tlly poc)rly developed in the Kuru­

Elan a rc;8, , but f ;=t irly persi stent a lthough often rc;prc sen­

ted. -'(')y cH11y ;), few v (':: ry thin s e:l..ms or a grOUT) of croci ­

doli to seams wh ich are found P.t irregula r intervals lJelc!',v 

the Main Marker . 
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Se co nd Lower Zone 

1'he Second IJowc r c c'nsti tut e s one of the most impor­

tant sources of crociclo1itc in the Kurum r:Ln area and south 

of Kuruma n to sT aund the Bretby a nd the Grcyling Mine s 

situa t e d n orth of Daniclskuil. Its u ppo r lirni t is a b out 

55 f ee t CRirics Mino II) t a 110 feet (on f a rm Lamblcy, 

12) be low tho b f1 s e of tho Mrdn mark\;r. It 8-ttains a 

m"1ximum recorded lNidth of s ome 35 fe ct including sevc r C11 

thin pa rtings of waste, a s is the c a se on Hartland (12) 

(Figure 2). As a ru12 9 h owe ver, the Sec(Jnd Lovver, INhe r e 

mined? i s l ess tha n 30 f ee t thick. A detailecl section 

of the fibre-bearing banded ironstone in this zone as 

encountered at the Elclor e t and Whi t ebank Asb e st o s Mine s 

is shown in figure 3. 

In tho Eldoret Asbest o s Mine (Merencor Group) the 

upper limit of the Sec ond Lowe r is found from 56 t o 75 

fe e t below th8 Main Marker and the zone a tt a ins a maximu[Y', 

It is subdivide dthickness of about 28 f ee t 

int o thro e separate reefs known as the A, Band C-Roe fs. 

The asb c~stos r ee fs in the mines are numbered from top 

to b ottom. It is cust omary t o numb e r geological units lD 

ascending or el cr j -but to pre v e nt confusi on the; nurnb c ring 

of r eefs as u s e d in the mine s will b ~: 8.dh e r e d t o . At 

t h i s l oc a lity a b lack lJ.. yt~r , ninc inche s thick, a nd 

c :,mpos c d aln;ns t e n t i re ly of stilpncmel c:!' ne is founo_ about 

nine f eet tlbove the In_nging \"'.'111 c f the uppe rmos t o r 

A-Ree f a nd c onstitu t e s a v'}luabl(~ marke r in the succ cs s ic.lU. 

In the mine this l aye r i s refe rred to as the Breccia t ed 

Siltstone II-Tarke r (:E'i gure 3). In 2011 thc borc~-holes 

drilled forqsbestos o. t this mine and in the underground 

workings this b l a ck l a ye r was fou n o to c ont rdn ap pre­

ciable am ounts of und e rground wiltG r bec l.,use of its in­

tensive ly fr Fwtured n 3.ture . Microscopic investigation 

of the stilpnome lane-b cClring rock and of sever 8.1 similEt-r 

l ayers in t he b:'lnc1e cl ir cm s t one showed that the y 

r eprese nt a l te r eel tuffs a n d they will a ccQrdingl y b e 

r e f e rred to as tuffs o r tuffa c e ous l a ye rs f a rther on in 

t he text. A detailed de s cripti on of the alt e re d tuffs 

is given on p. 148. 

The C-Reef c omme nce s irmred i ,qtely ab ove a l q ye r cf 

tuff '"'tce ous material, en the a v e r :1ge about two f e e t thick. 

This l a yer c ont 2 ins numerous blobs a nd streaks cf pyrit e 

a nd is kn own as the Pyritic I'Siltstonc~ Ii Ma rker. The 

C-Reef a tt a ins a thickne ss of some 13 feet. The t op c f 
r 

".,.the ro of is r cp r escmtcd by r:> n oth·)r L1.yer of tuff 9 t 
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f our inche s thick l oc a lly c a lled the l\~8.in Siltstone 

Marker (Figure 3). 

The B-ReG f commenc e s immediate ly above the Main 

Siltstone Ma rke r and is a b out six f ee t thick. The h a n ging 

wall of the reof i s represent ed by ancther thin l a yer 

of tuff 9 one t o tvvo inches thick~ which also represents 

the fnot-wall o f the A-Reef. This l a yer is known RS 

the Siltston e Marker. 

The A-Reef re a ches a thickness of a b out eight feet. 

Thc upper six to seven f ee t o f this reef cont a in a greater 

c onc entration of crncidolite se ams than the l ower 14 t o 

24 inches and are separated fr om the poorer p orti on by 

a thin l a yer of pyroclastic ma terial about 2 inches thick 

(Siltstone Marker, figure 3). The h8.nging wall of the 

A-Re e f is cha racterise d by a tough layer of massive 

ricbecki te which is, ()n the a verage , five inche s thick. 

This laye r, howeve r, incre a ses in thickness to ab out 

20 inches in pla c es . 

More l a ye rs of tuff than thos e chosen a s "IVlarke rs ii 

a re f ound within the range of the Second Lower in the 

Eldoret Asbe~tos Mine. Sever a l others, varying in thick­

ness from about a qURrt e r of a n inch to ju st more tha n 

one inch, were observed . 

Pyrite is a c ommon c o nstituent of many of the tuff 'l­

ceous l a yers, but is most abundant in the thick l a yer 

which represents the f oo t-Virall marke r of the C-Reef. 

The pyrite is genera lly f ound a s thin stre a ks paralle l 

to the bedr.ling or as nodula r bodie s which are strongly 

flRttened in the plane of the bedding . Streaks a nd 

irre gu.lar blebs of white quartz a r e als o c ommon in s ome 

of theSe bands, but a r e most abund cmt in plRces wh e r e 

intense fracturing of th e l owe rmost b a nd of pyrocla stic 

materia l is appar ent. 

Cross-fibre se ~m s of crocido lite are n o t equally 

well developed over the entire width of the Second Lowe r 

zone in the Eldor e t Asbest os Mine. At this mine the 

upperm os t six t o s even f ee t o f the zo ne Ch-Ree f ) are 

be st devel ope d and c ont ::dn up t o 35 separq t e seams of 

crocidolite. The s cams vary in wi dth fr om less than a 

quarte r inch t o about one inch, with l onger fibre 

in loc a lised spots. M3.ny o f tw:>lndividual seams are 

rema rkably pe rsistent whe reas othe rs aga in pinch out 

over short distanc es . Where a particular crocidolite 

seam pet e rs out, another ma y start t o d evelop s ome 
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dista nc e away along the same beddinE.~ pl8.ne or it may 

develop at less than nn inch er a few inches ab ov e or 

bel O1!1J th e bedd ing pLme in which another seam pinche s 

out. In othe r pl''1c es again closely adj a c e nt seams may 

ov e rlap one a not her v ertically, tha t is, if o nc pinches 

out 8. second se qm c ::m deve l op cl ose ly a b ov e or be low 

from a point directly abov e: or some d ista noe a wa y frr;TJl 

where t he f ormer scam pinches Gut. 

The l owe rmos t 14 to 24 inche s of the A-Reef a re 

ge ne r a lly poorly develope d in the Eldo ret Mine and so 

alsG is the B-Rec f. The C-Re ef i s again well developed 

in places, but nowhe r e as we ll as the A- Re2f . The best 

de v e l opment of crocidolit e seams in this mine , n o matter 

in 1Nhich r ee f they a r e loc a ted, is r estricte d to those 

l oc a lities in the mine whe re folding is most intense. 

Another detailed cross-se c t i on of the Se cond Lowe r 

z one was obt a ined in the Whiteb a nk Asbe stes Mine whic h 

is .locat ed about 20 mile s sou th-e'lst of t he Eldo r e t Mine . 

At this mine th e h a nging wall of t h e Sec ond Lowe r i s 

found at about 80 f e et b e low the Ma in Marke r a nd t he 2 0112 

c onsi s ts of two r e efs each about 11 f ee t thick , which 

are r e f e rre d t o in the mine a s the ~ a nd the B-Ree f 

r espe ctive ly. 

The B-Ree f i s about 11 f ee t thick and its foot - wa ll 

is marked by a b l a ck che rty laye r, s ix inche s to twe 

feet thick . The l aye r c onta ins stringe rs, lenses a n d 

elongate d 9 flatte ne 0., n odul D. r inclu s ions of light g r ey 

to almost whi to c he rt? m'my of vvhich par t ly r 2 s emble amyg­

da1:~,s·"f,in a l a v q . 'Thi s l Clye r i s c alled the "Ama n rle l b r nd " 

(Eng._~ltrmd br-wd) in the mine (HH 363). 

The Almo nd Band doe s not everywhere c ont a in almond­

shaped oherty b od i es from top t o bottom. The upper p or­

tion of this l a y e r is oft e n ch:l.ra cterised by the prese nc e; 

of d isc ontinu ous streaks or l e ns f3 s of the light-gr e y, 

che rty materia l which a r e set in a g round-mass of dark­

grey t o black che rt. Where the discontinuous I n.y e rs 

of che rt a r e present the a lmond- shaped bodies are 

deve l oped only towa rds the b aSE; of the l aye r. Wher.:; th 2sC 

di s continuou s stringe r s of grey che rt are present in the 

u ppe r p orti on of the Almon d Band , it usu8,11y re a che s 

its TI18.ximum thicknes s of some 24 inches. If, h oweve r, 

the .;,?.;Lmonc1-shaped b odies a re p r e sent throughout the en­

tire t h ickness of this b 8.n d it s thickness is only some 

six to nine inches . Furthermor e , the Almond Bond apperrrs 

to thicke n in the troughs of 1 0Cc-'t l small synclin'il f ol c. s 

as we ll as in the crests of similn r small a nticlina l 
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f o l ds whereas in the limb s of these fold s t he l a yer thins 

out. l,. t hin lqye r of bla c k tuffa c eou s materi a l is pre­

sent abo u t thre e f ee t below t h e tOlJ of the Almon d Beenc1 

a nd this dis tanc e r e ma ins r ema rkab ly c onsi stent whatevo r 

the th ickne ss of the Al mond B2nd may b e . 

I t i s impor tant to n ote t hat t he ~1.1mond-shaped bod i es 

of g r e y chert in t h e .Al mo nd Bnn d a r e mos t abund3 nt wh e r e 

t he l ayer be c ome s v e r y thin. In th0 se pl CJ.c es vvhere the 

Almo n d B:m d r eac hes it s maximum thicknes s the a l mo nd­

shape d bod i e s are s p oradic a lly developed . Thi s r e 1 3tion 

be twee n the thicknes s of t he Almo n d Ban d and the v 3.Tying 

amount of a l mo n d-shrJ,ped bod i e s in it indic [lt es thg,t these: 

bo die s r e present a f o r m o f "b ound ino.ge" f o rmed during the 

folding of the beds . 

I.mme d i a t e ly ove rly ing t he Almond B':m d i s a 19.y~e r, 

ge ne r r), l l y some t wo inches thick, which displa ys a ye llQl;v­

gr e y c o l our r esembling t he c o l our o f kha ki mat e ri 'll. 

For this r e ason it i s cfllled the "Kakieband" (Eng . 

Kha ki Ba n d (HH3 63A ) . Wi de v a ria ti on s in t he thickness 

of t h e Khaki Band are found in sev e r a l pla c es in the 

mine , wh e r e i t s ometime s r eaches a maximum of about nine 

inches . This b an d d ispla ys pe rfect c onch o idal fr 8.c t uring 

similo. r to the bands of bla ck tuffa c eou s ma t e ri a l which 

a r e so abundant in the Bnndcd Ironsto ne Su bst age . 

The r ock whic h c onstitu t e s t he "Ka ki eband n i s C OIY,­

po se d ma inly of f e rristilpnomel a ne which d ispla ys 0. 

ye llOW-b r own t o o live - b r own c ol our unde r t he microsc ope 

a nd i s acc ompani e d by c 2.r bo n o. t e a nd magne tite a s es se n­

tial mine r a l c onstitue nts. The c a r bonq t e i s pr e s e nt as 

irregula r g rains 1 but often it a ttains cryst a l outlines 

a n d e nclo s es nume r ou s r ound sp e cks of hemat it e . Hem~t it e 

was n owhe r e obse rvod out s id(; the c a rbona t e , but ma gn etit e 

is pre s e nt in r e l a tiv81y l a r ge Qu a nti tie s in the r em"dn­

der of the rock. The homa~t i t e gr'c1.ins inc luc1ed in the 

c a r bo nate g r a ins a n d in the x en ob l astic crystals are 

ge ne r q lly a rra n ge d in linear f ashio n para lle l to the 

stro.tific '1tion. Unde r l ow magnificat i on nume r ous 

lense-like bodie s which a r e lighter in c olour tha n the 

g r een-bro wn matrix, a r e f ound wi t h the ir ~a j o r axes 

p Fl.r a llel t o t h e bed ding . These sma ll lense s v a ry in 

l e ngth fr om a fraction of a millime tre to a maximum of 

about 4. 2 mm and is se lc10m wi rle r than about 1 mm. They 

a r e c omposed of fi ne fl ak e s r esembling a c o l ourle ss 

mic a a ccomp::mied by f err ostilpnome l a ne, which is slight ly 

c o l oured in tint s of ye llo,,\, a n d gre(~ n, a nd carbo n a t :: . 

Acc e s so ry amount s of microcry s t a lline Qu a rtz a r e 

p r e s e nt in s ome of the s ma ll l e n se s . 
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The B-Rce f in the Whi teb rmk Asbestos Mine c on be 

sub divided int o thre e separate sections of a pproximately 

equal thickne ss, b'.:tscd on the toughness of the rock in 

each of the sections . The l a yered r ocks of the middle 

section a r e the so ft e st, with the uppe r section slightly 

har der a n d the l owe r secti on extremely hard. Th is 

variati on in toughnes s of the rocks is e xpe rie nce d es­

pecia lly during unde r g r ou n o. drilling operations. .A close 

inspect i on of the B-Ree f revc :l l ed the f act tha t the 

t ou ghne ss of e 8ch section depe nd s em the abunde.nc e of 

se R,ms of mas sive riebe cki t e interca l :Jted with the b a nded 

ir onston e . The midd l e s e ction c ont a ins a lmost no s e ams 

of massive rieb e ckit e , the upp er secti on c o nt 2. ins only 

a few thin seams of this ma t e rial, but th(~ l01Nc r s ection 

i s c ompo sed a l most c ompl e t e ly of r flthcr thick s eams 

of ma,ss ive rieb e ckite (Spe cime n HE 368) . The genera l 

impr ess i on one gets when studying the B-Ree f is tha t 

seams of crocidolit e fibre de crease in width in those 

sect i ons cont '1ining the most seams of ma ssive riebeckit e . 

The top of the B-Re e f i s marke d by a tuffa c eous l a yer, 

a bout two inche s thick. 

The A-Ree f c omme nces immedi ate ly ab ov e this l a y e r 

of tuffa c eous mat e ri a l a n d r eache s a thicknes s of 11 f e et . 

The top of the A-Re e f is fo rmed by 8. l a yer of grey c he rt 

a nd massive riebe ckit e which in the mine is c alle(l t he 

"Sandston e Ma rker". This b a nd vRries in thickne s s fr OID 

about 9 t o 15 inche s a nd is c ompose rl o f l e nse s or thin, 

d isc ontinuous l a ye r s of " quartzit ic" or 11 s Emdyll-looking 

g r ey-wh it e c he rt embedded in hard, blue, massive rie be ck­

lte. The bf'l-nd of mass ive ri ebeckite is similar to the 

one c ons tituting the hanging wall ma rke r of t he Second 

Lowe r in the Eldoret Mine, e xc e pt f or the prese nc e of 

the che rt bod i e s in it. The Ie ns e s and thin, disc on­

tinuous l a ye rs of g r e y-white che rt in the l a ye r of m8.ss ivc3 

riebecki t e a re go nera.lly r e stricted t o three s e par:lt e h ori­

zons within t he l ay e r. A single crocido lite s eam is 

present immedi a t e ly abov e the uppe r mos t l a yer of grey­

white chert and is we ll developed in pla c es, but is not 

very persistent in its a re Rl distribution. In pla c es 

where this crocidolite seam is well developed it is no t 

mined e v e n when pr e sent, a s in some pla ces, a fo ot or 

l ess abov e the highe st seam in the A-Reef. The r Gaso n 

f o r this is b e c au se t he t ou gh l a yer of massive rie bc ckit e 

forms a n exc e lle nt, strong hanging in the -s t ope s. 

A tuffac e ous l a ye r, t e n inche s thick, which is 
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present about f our t o five feet above the hangi ng wall 

marker of the A-Reef in the Whiteb~nk Mine , could well 

be r eg8.rded'1s the count e r p:1Tt of the fractured layer 

of tuffaceous material which is present some nine f eet 

above the top of the Sec c nd Lower zone in theEldore t Mine . 

If this is the c ase the s tr(ltigrn.phical position of thi s 

layer is remarkably persistent seoing that the two 

mines arc loc a ted at l east 20 mile s apart . 

.1.'1 tufface ous l a ye r two feet thick, which cont '-l ins 

abund ant pyri t o and '-llso irre gu l a r bodies of whit~ quartz 

is f ound a bout 20 f ee t below the b ~s e of the B-Rcef. 

This layer may corre spond with a similar layer vvhich 

constitutes the f oot-wall marker of the C-Reef in the 

Eldo r e t Asbestos Mine. Should this b e the case the 

vertic ~l thickne s s betwe en the uppermost l aye r of tuff 

("siltstone ") and the lowermost l ayer of tuff (iisilt­

stone;;) found vvi thin the r each of the Sec ond Lovver in­

creases from some 37 feet in the Eldoret Mine t o about 

47 feet in the Wh itebcmk Mine, locate d 20 miles south 

of the former. Furthe rmore the C-Reof of the Eldoret 

Mine, or part of it, is not dev e lope d in the Whitebe.nk NI i n", . 

Third Lovw r Zone 

Together with the Second LowGr the Third Lower repre ­

sents the most important source of c rocidolite in the 

Kurum8.n area. This zone ge:;nerqlly consists of a serie s 

of fibre-bearing beds the uppermost of which is found 

from about 35 to 100 fe e t below the base of the Second 

Lower. In tho se loc ali t io s whe r e the Third Lower is be st 

develope d it s top gener:tlly occurs between 35 and 65 fe ot 

be low the b a se of the Second Lower. In certain mines th e 

fibre-beari ng beds c onstituting this zone a re so wid e ly 

spaced that it is l oc ally subdivided into a Third and a 

Fourth Lower, which is naturally incorrect bec fllse barren 

beds at one locality may be fibre-b earing in another as 

is shown in figure 2. 'I'he 'Third Lowe r re a che s a maximum 

thickne ss of about 140 f ee t ~ including the narrow wast e 

pa rtings in be tween fibr8-bo aring beds and is especially 

well developed in the Riries Asbestos Mine and also 

in the Whiteb ank Asbestos Mine~ Tho ve rtical distribu­

tion of croeido li to in this zone varies quite remarkably 

from ene loc plity to ~oth8r. In some the most persis­

t ent development of fibre is to'1vf-l.rds the; upper part 

of the zone, in others the best development is t owards 

the c entre of the zone , whereas in others again the most 
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pe rsi s t ent deve l opme nt is t owar ds t he b2,se of the z one . 

A de t 8.ile d se c t i on of the Thi r d Lowe r Zone as r c) ­

pre s e nted in t he Wh it e b n.nk Mine i s g i ven in figur e 4 . 

In the mine t he diffe r ent fib r e - beari ng s e c t i on s a r e 

r e f e rred t o as t h e C, el , C2 , D a n d Dl Ree f s in successive 

or de r f ro m t o p t o bottom . 

The Dl-ree f r epr esent s the lowe rm os t r eef in t he 

Third Low(~ r Zone an d c ommenC EJS i mmed i a t e ly a b ov e rt 1 ':1ye r 

of choco l ate-b r own c he rt a b out one foot t hick (C he r t 

Marke r, f ig. 4) . The re e f at t a in s a t hickne s s of 10 

f ee t an d is succ ee de d b y b::lrren b8.nded i ron s t o ne , g,bout 

10 f e8 t thick. 

The D-Ree f is about 12 f e e t thick a n d succ e e d s t he 

barr8n b a nded irons t one abo ve t he Dl-Ro Gf. The f oot ­

w8,11 of the D-Roe f i s f o rme d by a l a yer of choco lat e ­

b r(l\illD ehe rt (ehe rt Marke 1', Fig . 4 ), which is simila r in 

a ppear a nc e t o t he f oot-wall marker of t h e Dl-Ree f. The 

t op of the D-Ree f is mar ked by a l a ye r of mas siv e 

rie be ckit e , about three f ee t thic k (Massiv e Ri c be c ki t o 

l\t=1r ke r, fi g . 4) . 3ubor dinete , t h in int;_; rc a l a ti on s of 

ban ded iron s t o ne -,:,.r e pr ese n t in t h e l a ye r of massi ve 

rie be ckit e . 

The :Mas sivc Ri \.;be ckit e Marke r i s succ e e ded by q 

l a yer o f b a n ded ironst one , 1 4 f ee t th i ck, barre n of 

croci dolit e seams , b efor e the base of the succ ee ding 

C0 Reef i s r eache d . Th e C0 - Reef has a thicknes s of some 
"- L 

eight f eet a nd t erm in2 t 8s at its base against a l a ye r 

o f fi ne l y l amina t ed 9 b a nde d iro n s t o ne which c ont a ins a 

f ew l am inae of r ed- c oloured che r t . Th is laye r i s kno~~ 

a s t he Rainbo w M::l r kor in tho mine a nd f or ms t he f () ot­

wa ll of the C -Reef .2

Th e f()() t-wall of the Ci-Ree f is a l aye r o f tuffa c eous 

mat e ri g,l, 6-12 inc he s thick, wh ich is found a b ou t t wo 

f ee t above the t op of the C2-Ree f. Thi s L :wer is known 

as the Silt s t o ne l\1flrke r i n t h e mine. Plas tic fl ow of 

t he t u ffac eou s mat e ri'1.1 which c onstit ut e s thi s l a yer 

h a s b e e n obse rved in p l a c e s. 

It t oo k pl~ce e spe cia lly in t he cre st s of th e l oc a l­

i sed~ steep anticlina l to isoc lina l fold s, 2n d is 

char8.cte r ised by the exploit a ti on of irregul a r fra c t ure s 

in t re b~nd ed iro n s tone by ma t e rial squee ze d out fro m 

the pyr oclastic ma teriq,l. The se f r acture s may cut 

ve rtic,,:,~lly a cro s s the ad j a c e nt l nye r s of b an de d iro ns to ne . 

In mrmy o f th e s e f ille d-up fra c t ure s the pyr ocla stic 

mat e riql r ecrys tallised t o f orm shiny bla ck, aciculs r 
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crys t a l s of ferristilpnomel~ne which are c ommonly ori e n­

t ed with the ir long a x es pGrpe n dicul a r to the edges o f 

th8 fractur es . IrreGula r fr a ctures within the ma in b ody 

of tuff a r e a l so oc cup i ed by simila r bla ck, a cicula r 

cryst als o f fe rrist i l IlDome l·cme . 

Und e r the microscope the crystal s appear as 

a cicule,r t o p lume-like cryst cls orie n tqted 2,t right 

ang les to the; walls of the fr a c t ures . They a re d istinctly 

pleochro ic i n p a l e -ye ll ow t o gre e n-brown, elon gat i o n 

positive and uniax i a l ne gat ive . The l ongest crys tal s, 

obse.rved within fra ctures of the tuffa c eous rock it se lf, 

approa ch 0.2 5 mm . In s ome of the fractur e s it C8,n clear­

ly b e s e en that the crystals g r ew f r om t he oppos it e 

VV8.1ls o f the fr'l.c t u res , a n d meet mo r e or l es s in the 

centre of the fr a cture . li. l o n g the line VI/ he Te tW-3 y me ;:; t 

the r e app e a r s to be a very t hin line of d i so rie nt ated 

flaky crysta ls of the SClme mine r a l (HH 36/1-). The r cm8. in­

der of the tuffa c e ous r ock i s c omposed, a l mos t comple t c l y , 

o f tiny, intric a t e ly int erwove n fla ke s o f the same 

mineral. Th e CI-Reef i s ab out s ix f eet t hick and ter­

minates a t i ts t op agsci nst a l a ye r of b r ovm che rt which 

c ontains nodular inclu s i o n s o f g r ey- vvh i te c he rt. Th is 

laye r i s crllled th o "Dcur meka 'l.rb a nd" i n tho mi ne a n d 

r esembles the Almond Band in the Se c o nd LON e r, d iscus s ed 

on p . 50 . 

ThE) CI-Rc e f is succ e eded by a l aye r of bar ren b ,7'.nd e d 

ironstone" 1 e i ght f e e t thick j before the b :-~, s e of the C­

Ree f i s re a c hed . This r e ef a tt a ins a th tcknes s of about 

f our f eet . A thin l a ye r of tuffn c cou s rna teri'l l, one - t o 

s ix inc ho s thick, i s found 15 inc hc; s above the top of 

t he re e f ;::md r ep r es<:mt s the hanginf:~,..~:vall marke r known 

as t h e Silt sto ne Marke r (Fig. 4) . The t uffa ce ou s ma te­

ri a l v a ri e s in c olour from g r ee nish-b lack t o b l a ck a n d 

display s strong c o ncho ida l fr a cturing . 

Asb e stos-bearing 	zones be l ow the Third Lowe r 

Zone 

Int e r secti ons in bore-holes o f crocidolit e - bearing 

st rata below the Third Lowe r ::;',re n o t many b e c '1,use to dat c~ 

the First, Second an d Third Lovve r Zones h ave receive d t h e 

most atte ntion by mi!ling c oncerns. Only a small numb e r 

of bore -holes h av e been drill e d to we ll below the Thir d 

Lower in the Kuruma n a r c:![l and only one is knovvn t o 

have pe n e trate d the e ntire Bmded Iro ns t o n e Substage . 

Infor m8.t i on (n the v e rtic a l distributi o n of c r oci c1o ­

lit e - bearing z ones below the Third Lowe r i s t he refore 
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incomp1e t e a 11 \l is o 8.s e d m'lin1y on fie 1d -ob se rvn.t i ons. 

In additi on t o a f ew int e r se cti on s in b o r e -ho l e s the s e 

ob s e rva ti ons t end t o indic a t e tha t cro c i dolite-b e aring 

zo n e s b e l ow th e Thir d Lowe r a r c) ge ne r Glly le s s we ll 

de v e l ope d tha n t he uppe r one s in the Banded Ironst o ne 

Subst age . It indic a te s fu r the r tha t the d istributi on of 

s epar a t e) a n d with a f e w e xc e p t i on s ) f a irly thin) inte r­

s (~ cti ons of crocidolit c - b earing s tra t R in thQ lowe r most 

po rti on o f t he Banded Irons t o ne Subs t age a r c n ot v e ry 

pe rsist ent. Thi s is particu18,rly t he c a s e with those 

fibre - bearing bed s which c a n b e g r ou ped int o the Fourth 

a nd Fifth Lowe r Zone s. The Sixth Lower ~:md e s peci8.11y 

the Seve nth Low(3 r, wh ich is the l owe r mo st crocido lit e ­

b earing z o ne in the bande d ir on s t ones , is Quit e pe r s i s ­

t ent? but n ot v e ry we ll d e ve l ope d . 

T'he Fourth an d Fifth Lower Zone s a r e a ctua lly 

d ifficult t o define '!'lith c e rt 'l.inty fro m the a v a ila bl e 

e vi de nc e , but a r c present in a numb e r of loc a litie s? as 

i s sho\V"D in fi :su r e 2 . 

The Sixth LOINGr i s f oun d about 18.0 t o 190 fe e t a bov e 

t he do l omi te and a lthou gh l es s pe r s i s t en t t h :3. t the Se vent h 

IJ owe r it a l so enj oy s Quite a vvide a r eal (l i s tributi on. 

f o ,· , + 
vThe Sev e nth Lowe r Zone i s usu a lly f ou n d a b out 80 ....... c.;
 

abov e the c o nt :-:wt "b e t vveen t he BD,n ded Iron sto ne Sub stage ::;:,n ,J 

the underlying ma s s ive do l omit e . It s dev e l opme nt i s 

f 'lirly pe rsistent n ot only in the Kurum 'J"n a r ea , but a l so 

in the a r e a t O~.IIJards Da nie Is kuil a nd b eyo nd whe r e it r cm::J.i n s 

a r ound 80 fee t a b ov e t he do l ond t o . 

( ii) The Stra tigra J2h i c a l P osit ion o f .I\.8b 8 8t o s Zo nes 

in t he Ba n ded Irons t one Sub s t age 

/ 1- s e rie s of gen e r a li s e d c olumna r s e cti ons showing 

t he v e rtic a l dep th s at ,['lhich fi b r e - bearing b e d s in the 

separ 8.t e crocidolito- bearing z o n es in t he Band e d Irons t cn8 

Sub s t a g8 c ould be expe cted i s g ive n i n fi gur e 2 . Acc or o i ng 

t o t he sub d i vi s i o n u sed in t h is f igu r e the Se cond Lowe r 

Asbest os Zon e c an be 8xpr.:: cte d from about 55 f ee t to 135 

f ee t be l ow the Main Ma rke r. Mine r a lisGcl s e ction s be l ong ing 

t o tffi lliird Lm\T e r f a ll be twee n 150 a n d 315 f ee t be l ow this 

po int. The uppe r porti on of the Fourth IJ 01Ne r j a s t ent o.­

tive ly sub c1 i v i c): e (1 , may ov e rlap with t h e l O1!ve rmo st porti c: n 

of the Third Lowe r oncl c ould b o e xp ecte d be t we e n 295 a nd 

400 fee t b e l ow the l\1'lin l\1o. r ke r. The Fifth IJow2 r ma y ag::',i n 

oV8rlap the Fourth Lowe r a n d may r a nge in v e rtic al p osi ti on 

from 395 to 480 fe u t be l ow t he M~in Marke r. Fibre - be8.ri ng 
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b eds in bo th the Fourth a n d the Fifth Low e r Zones a r e 

gene r '.lly thin a nd could b e expe ct ed a t relntively l a r ge 

int e rvRls within the vertic cil r a n ge s given abov e . 

S8par~ite thin fib r e -be aring !)eds which c ould b e in ­

cluded in the Sixth Lowe r ma y r a nge from 540 to 620 f ee t 

b e l ow the Main Ma rko r wh2 r eas s e para t e fibre - bc::lring 

beds cf the Sev e nth Lowe r ma y r a n ge between 635 and 720 
fe e t b e l ow the Ma in Ma rke r. The f oot-wall of the l a tt e r 

zone e~s pointed out, is Quite consistently founel ab ou t 

80 f ee t qb ove the dolomite . 

( iii) The Uppe r Asb est os Zones 

First Uppe r Zone 

As po inted out (P.45 ) all the upper z on e s el rc 

l oc a t ed within the Jasper Substage. The First Upper is 

found within tho thin l ayer of b a nded ironstone immedi a t e l y 

ove rlying the M"ti n Marke r and. the fibre seams in this 

z o n e are ge n e r a lly r e stricted t o the lowe rmos t portion 

of thi s l a y e r of banel ed iro n stone . There ::J,re l oc [tlitL: s 

vvhe r o fibre se aID S transgre s s the t op of t he ~b,in "Mark8 r 

an d may be feunel in intc:rbe el c1 ecl l a ye rs of ban cL:c1 iron '3tcn2 

within this marke r-b e d ; t h is is e specia lly the c ase i n 

the a re ::]' s r ound DAnie lskuil~ but seldom in t he Kuruman 

are ~ ~ e xc ept on Ettrick (II). The First Upp e r is in 

gen2ral poorly c1 co v 81 oped in the Ku ruma n a r e a rm el t o date 

n o mining h a s been c a rried out on t hi s zone . Old 

prospecting p it s a nd ope n-c i), st workinGS a re loc '1,te d C),long 

this z one on a numb or of f":lI'rn s in the a,reQ) b ut none of 

t hem disclo sed :1 deposit of e c onomic v '},lue . 

L shoft which v,r(1,S r e c ently sunk on :ettrick pe netra t 8c;, 

severi'l l fi b re-bearing be cJ s. They';vary in wictth fro m les~3 

than a f oot to a maximum of s ('; ven f e,-:; t within the b n.n ded 

ironsto ne layer immediately over lying t he Main Ma rker a n d 

within i nt e rc a l a t ed layers of ban ded irons t o ne in the 

lVI 'lin Ma,rke r. No add it ionll informl3,t ion with re Wlrd t o 

the l atera l distribution of t he s e fibre zones is av (C),il",b l c , 

but the widt h o f some of t he fi b r e -be aring beds is such 

t hat it may Ie' d t o the exp l o ita tion of this zone at the 

loc a li t y me ntione d above . These int e rsections were 

obta ined at dep ths below the z one of oxidation. Should 

q,dditional e xploration prov e this z on e to be profit8.blc: , 

it would b e the only l oc a lity in the Kuruman 8.r ea vvhe r e 

crocic101it e c o nc cmtrst i ons of economic import c.illce h'lv e 

so f~r been f ou n d in the First Upper . The First Uppe r, 
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in add ition to the uIJpe r p ortion of the MClin Marker, 

p r ovl:d t o be a n i mpo rt ant crocido li t e-bearing zons in the 

a re a ~round I)'mie lskuj.l a nd should structural conditi ons 

b o f avourabl e , there is no r easo n why thi s z one should 

n o t ~lso yie ld good depos it s of crocidolite in the 

Kurumw ar ea . 

Se c o nd Uppe r Zone 

Tho Se c o nd U1-lpe r is fo und from 80 to 100 feet above 

the t o p of t he IVLJ, in M?lrke r. It i s f ound in close proximi­

ty to th e Spe ckle d Marke r a nd fibre s eams may be 

cleve l ope d wi thin the l a ye r s o f brmded ironstone or the 

strongly f e rruginous j a s pe r immedi a tely b e low a nd above 

t h is ma rke r-be d. Fibre de v e l opment within this z one i [3 

seldom enc ounte r ed and n owh e r e is there a c onc ent rati on 

of crocidolit o of sui table e xt c:mt to b o e xploit ed . One 

of the f ew known l oc al ities whe ro crocidolite fibre of 

go od length h~s bee n found in this z one is in the mine 

shaft qt the Koretsi South Mine (HI) which is loc a t ed in 

the Lower Kuruma n Nativo Rese rve . In this shaft croci­

d olit e s eams which me8.,suresome on e and a half to tvvo 

inches have b ec.~n inte rsected . 

In the sh?lft on Ettrick several croc icl ol i t e se cun s 

v'Ihich a ppa r ently f Bll wi thin the v ertic q l r a n ge of th8 

Seco nd Uppe r h av e been inte rse c ted ov,: r a wi dth of some 

10 f ee t • Ab out 12 fee t be l ow the base of the se fibr e ­

bearing beds a single seam? 1 - l~ i nc hes Wide, which c on­

t '.:iins c ompletely s ilicified? dark-b lue crocidolit e has 

be::; n pe net r a te d . This silicified mate ri 8,1 is found s ome 

237 feet be l ow surf~c e within c omp l etely fresh, i. e. 

unoxidized, host-rock. As f a r ~s the writer is a ware 

t h i s is one of the very f ew exampl es in which c ompl e tely 

s ilic ifie d asbe sto s has b ee n found b e l ow the zone of 

oxida tion and the occurre nce provide s a r eason f or r e ­

c ons ide ring the pr oc e ss of s ilicific a ti on to yi e ld t he 

blue v a rie ty of the semi-p r e ci ous stone known a s blue 

" t i ge r' s - eye" 0 r '1 c at 1 s - eye i I • 

Third Uppe r Zone 

This z one is found gbout 50 t o 60 fe e t ab ove the 

Se cond Upper :;md is a ssociated with the Magn et i t e ­

chert MarkGr. Asbestos fibre in this z one is gent;Tally 

r e stricted t o the ma rke r-be d only. In outcrops the fi b re 

is c ommonly well s ilicified and is re p r esent ed by y e ll ow 

a nd yellow-brown "Tige r's e ye ". The seg.ms gener::tlly 
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h a v e a limite d e x tent in the d irec ti on of strike a nd 

mo r e oft e n c ont q in bundlos of s ilicified fib r e which 

a r e s lightly inclined to the b edding of the r ock s . 

Be c au se fibre s eams a re deve l oped only in the marke r-bed 

it self, this z o n e i s se l dom mor e tha n t wo f ee t thick. No 

c omme rci a l depo sits of cro cidolite a r c known to occur 

in t h i s zone i n t he Kuruma n a re a a n d such depo sit s a re 

n ot e x pe ctc o. be c qu se of the v e ry l oc a lised d e v e l opment 

of fi b r e in the z one . 

Fourth Uppe r Zone 

The Fou r th Uppe r s tre tches f rom about 220 t o 240 fe2t 

abov e t he Ma~1e tite -che rt Marke r or the Third Uppe r a no. 

r epr ese nts the u ppe rmos t limit of crocidolit e d e v e l opment 

in the Lower Gri qu a t own Stage in the a r ea . Croci dolite 

s eams in t h is zone a r e a s socia t od with laye r s o f h a r d 

b lue , mass ive riebeckit e which a r e pre s e nt a lmos t i mme ­

dia t e ly b e l ow t he P o t s h e r d Mar ke r. The se ams a r e se l d om 

de v e l oped ov e r l ong d i s t a nc e s a nd individual seams a r e 

quite thin as a rule . One of th e f e w l oc 8,1 it i o s whe r e: 

p r osp.3 cting for asbes t os in t h i s z on e t oo k pla c e i s on 

Ettrick whe re a numb8 r of sh8.110w e xc av a ti on s a n (1 ad i ts 

we r e made in t he past. T'hi s z on e i s pr e sent some 3 60 

t o 390 f eet above the t o p of the Nb in Marker. 

2. The Sev e rn Area 

Wi t h the de s cription of the d i f f e r e nt sub stage s o f 

t he Lowe r Griqua t own Beds, the a s socia ted marke r-b eds 

a n d t he v e rtic 8.1 d i s tribution o f t he crocidolit e - bearing 

z ones in the succ ess i on in mino., we may now pr oc eed wi t h 

the d i scussion of these r oc k s in t he r emain de r of t he 

Northe rn Re gi on. For thi s purpos e t he r e st of the r :c; g i c n 

will be subd ivide d into sma lle r a r eas like the Se v e rn j 

t he Heuningvle i nnd the P omfre t a r eas locate d t o the 

n orth of Kuruma n ~ncl t he C8.rring t on-D e rbi, the Oup1 8,as­

Botha, ancl the GriCJ.ua t own are as s out h of Kuruman. 

The Severn a r ea i s r epr ese nted by the s tre tch of 

c ountry be t ween Ts ine n g in t he south a nd t he i mmed i a t e 

surrou ndings of Sev e rn in the no rth. Lithol og i cally 

the r ocks o f t he Lowe r Gri~uat own St age in thi s a r ea 

8.r e v e r y much the same a s i,n the Kururnan a r G2 . The 

t ot F11 thicknes s o f t he succ e s s i on a l so r emains appr oxi­

mat e ly the s ame, be i ng a bout 1 600 f ee t i n a ll. The 
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Tillite Sub stage is about 110 fc; et thick (De Villiers , 

S.B., 1961<+, p. 6) which is a lit t l e more than the thi ck­

n e ss o f this substage in the Kuruman ar09. . It als o c on­

t 3.ins a l a yer of c ongl omerate which is appar Gntly n ot 

deve l oped in the Kuruman a r ea . The u ppe r po rti on of 

the Jasper Subst age is more c alc :Heow3 tha n in the Kurum::;m 

a rea a nd c ontains separat e , r e c ognisable int e rc a l a tions 

of d olomi tic lime st one approxima t e ly 250 f ee t below 

it s top. 

( a ) The Banded Ironstone Subst a ge 

This substage r e ache s a thicknes s of some 800 f ee t 

v;Thich c o rre sponds with its thickne ss in the Kuruman a r eQ . 

In pl8.c es it is cha r acterised by a ppar e ntly mor e ferrll­

g inous l ~3.ye r s n e ar the base. The y displa y a del:p-red 

colour on we a thered surfac e s a nd cont a in severa l int e r­

c ala ted l a yers of brown jaspe r a nd thin l a y e rs of whit e 

to g r e y chert . A quite c onspicuous l a yer of white cher t 

is f ound appr oximate ly 250 f eet above the base:: of the 

banded ironst one vvhe re as a se ries of r e latively thick1 

po orly bedd e d layers of j a spe r a re e ncounte r ed be t ween 

300 and 400 fe et a bove the c ont a ct betwe en the do lomit e 

a nd the banded irons tone (TIe Villie rs j 1961q., p . 5) . 

Cha r a cte ristic of the a r ea is the occurre nc e o f a 

l aye r o f y e llow-brown j a s pe r ~ 20 f ee t thick , cl osely 

be low the M:l, in Marke r. Immedi a tely be l ow this l a yer 

of j a sper p a rticular beds o f banded ironst one d i spl ay 

peculiar j war ped be(lding-pl~me s a nd c ontain thin , white 

to g r e y, l en s-lilm inclusions of che rt. The se chcu'Qc­

terist ic s a re much the S<'1me as those of the Mo. in Nlarko r. 

Asbe stos-bGaring zone s occur at five differ ent str.'"l­

tigraphic ~l horizons below t he Main Marker. Compared 

with those in the Kuruman a r Ga these z ones c orrespond wi th 

the First Lower j Second Lower j Third Lowe r~ Sixth Lowe r 

a nd Seventh Lower crocidolito-be ari n g zones in the l a t te r 

area. The v e rtic a l d istributi on of t hese zones a r e 

s h own in Figure 1. 

The Fi r st LovlGr Zone which is found immediat e ly below 

the Ma in Ma rker , h as fibre se ams d ev e l oped ov e r a vertic 1 

dista nc e of some 20 f ee t. The Se c ond Lowe r is found 

about 80 f ee t below the Main Ma rker and a ttains a maxi murr 

thickne ss of about 50 f Got . The Th ird Lower c ommenc e s 

some 30 f eG t below the Se c ond Lowe r a n d has a n average 

thickness o f abou t 40 fe e t. The next crocido litr::;-be a ring 

z one is p r esent fr om 570 t o 590 fe e t below the Ma in Mar­
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ker a n d c orre spo nds quite well with the Sixth Lowe r Zone 

of the Kuruman a r ea . The lowermost croc idolit e - bearing 

z one occurs 80 to 90 f ee t above the c ont:=l.Ct between the 

Banded Ironstone Substage a n d the underlying dolomite, 

Ftn c1 therefore corrc:sponds v e ry well vdth the stra tigra­

phical position of the Seventh Lowe r in the Kuruman 

are R. 

(b) The J a s per Subs t age 

Lcc ording t o TIe Villiers (196lq. p . 5) the avc:rrrge 

thickn e ss of the Main Marker in t he Severn a r ea is be­

twe (~n 20 a nd 30 f eet which is conside r ab ly less t han in 

tho Ku ruman a r e a . In the fi e ld it would a ctua lly appc 'lr 

as if the r e is a gradual, a lthou gh sliGht d e crea se in 

the t o t a l thickne ss o f t he 'Main Marke r in a n orthe rly 

direction along t hB strike. Except for the difference 

in thickness, the Main Marke r ret':tins it s litholo gic 3.1 

cha r acteristics in this a r ee" Bnd may contain occasion'Cll 

thin se ams of fi t) r e 9 ge n e r ;:tlly l oc ated towards its 

base. It i s succ eeded by a l a ye r of ban ded irons t o ne, 

appr oxima t e ly 20 feet thick, wh ich in p l a c e s c onta ins 

thin se nms of croci dolit o t cwvo.r d s its top . 

Th e l a Y8r of banded ironst on e is succ eeded by 

ye llow- b r own to de-Yk-b r own j a spe r vvhic h c ontinue s for 

some 60 feet be f o r e t he Speckled Marke r is encounte r ed . 

A se c ond it SIJ(:ckle d" b;mcJ. a lmo s t simi l a r to t h n Specklcd 

Ma rke r, exc ept for t he gr8 Qt e r di ameters o f thc~ II sllc Ckl :~: s ~I 

is IJ r G s ent from 20 t o 30 f eet abO Ve thi s marker- be d. The 

se c on d " spe c k l ed " b :=;.,nd is, h owev e r, very i mpe rsi s t e nt. 

The Speckled Mqrker is succeeded by more j aspe ry l a ye r s 

inte rcalC).te d with nume rous b a n ds of ha rd b lu e , mass i ve 

riebe ckit e until the Potsherd Markor i s reached . The 

Magne ti t e -che rt Marke r is st ill r e co gnisable clS f a r 

n orth as Lmy's Hope but be y ond this p oint it bec omes v e r y 

i mpe r s i s t e nt. The sediments between the S~oe ckle d and 

the P otshe rd Markers a r e s imila r t o thos e in the KUrUT:1a.n 

a r c?a and c oncre ti on a ry st ructures a rc 'll so c ommon in 

som8 of t he layers of s iliceou s mudstone . The u ppe r most 

250 f ee t of strata of the Jasper Sub s t age a re quite 

c a lc a r eous a nd well- defined l e nse s a n d int e rc a l ati ons 

of d o l omitic l i mestone a r e found in pla ces e . g . in t he 

b e d of th e Kgokgo l e Rive r, n ot f~r n orth o f Se v e rn. 

(c) rrhe Tillite Subst a ge 

This substage is we ll displayc(1 in q numb e r of 
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outcrops in the Rrca, and attains a maximum r e corded 

thickne s s of alJO U t 110 fe cot. The compositi on of the 

frah~ents, the pebbles a n d the c obbles in the tillite is 

genera lly the sarno as in the Kuruman a r e,),. The c onsti ­

tuents a re poorly sorted , but some degree of sorting is 

apparent through the over-all dccreilse in the size of 

the pebbles towards the top of the substage. The finer­

gra ined? to pmos t portion contains angl.l1ar and rounded 

fragments which a re gen8rctlly n ot rnor8 th,:tn half (J,n inch 

in diameter. The cementing materiRl of the tillite is 

gritty or sandy (Do Villie rs, 196J.L,., p . 6). 

L:::WG rs of soft pur ple -brown sandstone 9 displaying 

cross-bedcIing, a nd hard, grey, felspathic grit are present 

as lenticular int e rc a lr:itions within the tillite on Amyl s 

Hope (De Villiers, 196141 p . 6) . A conglomerate band, 

r eferred to earlier (p . 44 ), occurs within the tillite 

near t o the common border of Amy 's Hope (Fl) f),nd Ven­

tersrus (F2), INhilo b;::mds a nd lense s of purple-brown 

quartzite have be e n r eporte d from a num"be r of l ocalities 

(De Villiers,,", 1961~. 

3. The HeuniJ!'Jjgylei il.r8a 

This area covers the stretch of country between 

Tay (Dl) in the south and Campden (C3) in the north, a 

distance of some 34 miles (Folder 1 ) . The mining t owns h i p 

a t Heuningvle i is l ac at c.; d in the approxim!),te c 8ntre of 

the area. Only one asbesto s mine is a t present in oper;::l ­

tion and it is situated on Eute (C2). Mining for asbe s ­

t os was previously also carried out on Have (C2), where 

the possibility of l ocating ne w deposits of crocidolite 

is n ot axe lude d. 

(a) Thl:? Banded Irons tone Sub stage a nd 

the 	 distribution of a ssociated crocidolit e ­

"bearing zone s 

The thickness of this substage is c onsiderably 

more than in the Kuruman a re a . From avstilable informa­

tion it exceeds 1200 feet ~ which is 400 f(-~et more than 

in the KurumF1 n a r ea . Be c:::mse of the extensive cover of 

talus a nd windblovvn si:tnd a l on g the eastern edge of the 

range of hills in which the Lower Griquatown Beds outcrop, 

the cont a ct wi th the unde rlying dolomite is nowhere 

exposed, but drilling for wa ter in the area has supplied 
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v c luable informAtion which renders it possible to deter­

mine tho thicknc ss of the Bandod Ironstone Substage. 

The bore-hole r8 sult s indicate tha t the bRs J. l portion 

of this substage is r(~prescntcd by a s e ries of a ltern':l ting 

l ayers of black, siliceous shale, banded ironstone and 

banded chert 1 of wh ich the black shales a re the most 

abundant. Individu8.1 layers in which inte rc , L :tt ions 0 f 

black sha le a n 3 most abunda nt v a ry in thickness from 

about 15 to 65 feet. Some of thes e l a ye rs of sha le c on­

tain IJyritc 9 s n e} they a re usually interca l[d e d with 

relatively thin bands of chert. Towards the b a sal portion 

of the Esnded Ironstone Substage tho shaly beds be c ome 

calcareous a nd may cont a in freQuent separate intercalations 

of dolomitic material. Ne a r the base of this substage 

layers of dolomite become even more pronounced a nd are 

interca l a ted with thin layers of shale and chert. None 

of the bore-holes reached the massive do l omite, but those 

which intersecte d rocks in Il'lhich dolomite layers are 

predominant certa inly approached the top of the massive 

dolomito. 

Most o f the boro-hole S9 drilled by the De partme'nt of 

Water Affa irs, intersected one or tvvo sills of diabase loca­

ted on different stratigraphical horizons in tho banded 

iro nstone . The heights above the dolomite at which these 

sills were intersected are r eco rded as 100, 220, 250 9 

420 a nd 520 feet. The thicknesses of the diabase sills 

v a ry from 20 feet to a maximum of 170 fe e t. The thick 

sill (170 feet) was intersected in a bore-hole on 

Bute a nd is found betw80n 420 anc-l 590 feet above the 

Dolomite. 

Laye rs of whi t f'; 1 brown and almost black c hert arc 

found at several elevations in the banded ironstone. In 

the fie l d some of them, e spec ially the laye rs of whit e 

chert arc! quite persistent and serve a s good marker-beds. 

A prominent l ayer of white chert? about 8 feet thick, 

is f ound about 280 feet a b ove the top of the dolomito . 

A l aye r of ferruginous j0.s1J c r approximately five 

feet thick, which displa ys IJeculiar wa:q;ed. bedding-planes is 

pre sent about 630 f eet abov e the base of the banded 

ironstone r r 540 feet whe n the tota l width of intrusive 

sills is excluded. This I n.y e r is quite persistent and 

proved a v a luable marker in the field. It is well 

exposed on Hove (C2) and t he adjacent f C1.rms. It dis­

pla ys a ye llow-brown COlour, is fairly well bedded and 

intensely contorte d (Plates VI 'lnd VII). The warped or 
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c ont ort ed nature of t he l a y e r i s b est obse rve d whe r e a 

s ingl e bedding - p l en e i s e x posed ov e r a c ou p l e of s qu a r e 

f ee t . Th i s band oft e n c ont a ins s ilicifie d crocic101ite, 

t he f ibres of whic h a r e g ene r q lly orie nt a t ed a t a n a n gl e 

t o the bedd ing - pl an e . Fold s on a smflll scal e , me ~3. suring 

only a fraction of a n i n c h in he i ght 9 a r e p r e s e nt in 

abundanc e a l on g the bedd i ng- pla n e s . Mas t of the small 

f o l ds a r e a c comp:1n ied b y fr a ctures or f ?m l ts ori e nted 

par a lle l or nearly par :-111el t . t h e a x es of t he f olds, 

1Ni t h vc r t ical di spl a c eme n t of i nd i vidu :), l l aminae showi ng 

on opp osite s i des of these s tructures (Plate VII) . De 

Villie r s (196JB who f irs t mappe d this a r ea i n de tail 

r e f e rred to this ma r ke r-bed as t he "Kr o nke l Me rke r " 

(E n g . Cont ort e d Marke r ) . Two marke r-be d s of t h i s type 

a r e pre s e nt in t he Heu n ingvl e i a r ea ::m d the l owe r one 

ju s t described will be r efe rred to :1S t he Lowe r Conto r ted 

Ma rke r. 

Croc idolite s eams a r e f ound in the l a y e rs of b a n ded 

ironst one immed i a t e l y ab ov e t he Lowe r Cont orte d Ma rker 

n d r eappear at inte rva l s ove r a v e rtic a l t h ickne ss of 

ab out 70 feet . Informat i on obtained fr om bo r e - ho l es al so 

i ndicate s the occas i ona l p r esenc e of crocidolite s eams 

fr om abou t 30 to 75 fee t below this ma r ker- bed . Exc ept 

fo r t he inte r section of two thin crocidolit e seams in 

one bo r o- ho l e ab out 330 f ee t b e low the Lowe r Cont orted 

Ma r ke r, the fibre -be~ri ng zo n e o l ose ly b e l ow thi s ma rke r 

appear s to be the l owe r most croci dolite z on e in the 

Heuningvle i a r ea . 

The crocido lite scams i mmed i ate ly be l ow t he Lowe r 

Cont orted Marke r 8T e d i s tributed a t r nn dom b e twee n 620 
a n d 670 f ee t b elow t he Main M3.rke r an d there f or e c orre s ­

p on d r oughly i n ve rt ic ~l,l pos iti on wit h the Sev enth 

Lower Zone of t he Ku ruman a r ea . Th e fi b r e seams f ound 

i mmedi ate l y above t he Lowu r Cont or ted. Mar ke r a r e l oc ated 

b etwee n 520 8.n d 590 f eet be l ow the MFtin Marke r an d c sm 

the r efor be c orre l ated with the Sixth Lowe r Zone of t he 

Kuruman a r ea (Figure 1) . 

Th e s econd l a y e r of c ont or t e d ) f e rrug inous jaspe r 

re fe rred t o above 1 has t h e same cha r a ct e ri s tic s a s the 

Lowe r Con to r te d Marke r . I t i s f ound about 130 f ee t a b ove 

the IJowe r Conto rt ed Mar ke r o:md i s r e f erred t o as the 

Upper Conto r ted Mar ke r . BecB,u se of a s i mil Cirity j_n c hsl,­

r a c to ri st ic s it i s not poss i b l e t o d is t ingui sh wi thOll.t 

r10ubt be t wee n the S8 t'NO c ontn rt ed 1) ed s in the fi e l d. . 

A gui de the rete is offe r ed b y t he l ::yers of b a nded iron ­
stone i mmed i ate l y overl yin g them . Those beds i mmec1 i flte l y 

ove rlyi ng the upper l aye r d i sp l Qy the usu a l 
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dr::trk-brovm to blE'lCk c 'J lours em vveath8 red surfaces, but 

the l aye rs of banded ironst onu immediate ly overlying 

the Lower Cont orted Marker are usually chara ct e ri se c1 

by extremely vivid c ol ours . Apa rt from the usual brown, 

dark-1Jrovm and bl'},ck c ol ours these beds oft e n d ispla.y 

r ed-brown [mel deep v e r million-red c()l ours on the ir 

bedding-pls,nes. The material clisp Lwing the se redd i sh 

colours forms very smooth) shiny surfaces on the bec1ding­

planes a nd is composed of thin v eneers of silic:::1. and 

iron oxide . 

The Upper Contorted Marker is gene r~lly slightly 

thicke r than the Lower and silicified crocidolite is a lso 

more c ommo n above, within and below this layer. Fi1Jre 

se ms wi thin the Upper Contorted Marker attain a thick-­

ness generally less tha n a qu a rter inch a n d the fi b r es 

a r c invariably inc lined to the bedding-planes or may 

even approach the slip-fibre type. The fibre-be a rine 

zone associated with the Upper Contorted ~Mark8 r is found 

between 420 and 470 f eet bGlow the Main Marker and 

thGrefore corresponds with the Fifth Lowe r Zone of 

the Kuruman a r ea (Figure 1). 

About 180 f ee t above the Upper Cont ortGd Marke r 

anothe r crociclo lite-bearing zone i s present ove r a 

vertical width of some 40 fect. The fibre seams in this 

zone ~re found in l aye rs of banded ironstone which Rr o 

int ens e ly f Cl l ded ov e r the entire width of the zone. 

Folc1ing fades out r a pidly below a nd above the zone, 

a pparently indicating that the fibre f orme d only within 

a cert a in l aye r of inc ompe t ent material. Lithol og i c a lly 

the banded ironstone in these f o lded laye rs is similar 

t o tho strata which a r e pr esent be low and above them 

a nd which a re n o t folded. It is c oncluded that the 

material from wh ich the crocidol ite crystal lised , was 

c 0mposcd of mat~rial softer than the enclosing beds of 

b anded ironstone and that because~this the entire zone 

behaved as more incompetent. The best development of 

c roc idolite is f ound in the crests of the sma ll folds. 

This z one is present between 200 and 240 f eet below the 

Main Ma rker a nd therefore corresponds with the Third 

Lower Zone of the Kuruma n a r ea (Fig. 1) . From the 

fwailable inf or mation it will therefore appear as if 

the Fourth Lowe r Zone is not r epresente d in the Heuning­

vlei a r ea. 
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The zone of f ol ded asbestos- bearing beds is 

succE!eded -by a successi on of band ed ironst one , 180 to 

200 feet thick, with sU1Jordinate l a ye rs of j aspe r which 

d i splay quite rOgtJ.IF~r bed c'l ing . The topmos t por t i on 

of this succession of bJ.n ch.;d ironst one c ontains croci­

dolit e seams di s tributed ov e r a vertic 2.1 d ist a nc e of 

about 20 feet . This asbes t o s zone i s immedi ately suc ­

c eeded by th(; JIiI:=lin IVb,rke r, whe r e r(c; c ognisab l e as such, 

or by j aspe ry l ayers a nd the r 8 fore r epre sent s the 

First Lowe r Zone . 

(b ) The Jasper Subst a ge 

The Main Marke r which r c;p r e sents the bRse of the 

J a sper Substage is r athe r poo rly developed in the Heu­

ningvlGi area . In the southernmost portion it may still 

De d i st inguished from the suc ceeding l ayers of j a sper 

bec use it still c onta ins l e ns e -like bodies of g r e y che rt 

and displ:=ws warped lJeclding- phme s as in the Kuruma n 

a r ea. Toward s the northe rn extre mity of the a r ea the 

l e n s -like inclu s i on s become I e Be nume r ous a nd the 

bediling- plcmes of the j e,spe r c on s tituting the Main 

Marke r a r e more even a n d simila r t o the bedding in t he 

ove rlying Jaspe r Substaee. 1;'1h er8 r 2c ognisab l e ? t he 

Ma in Markor is much thinne r tha n in the Kuruman a n d the 

s outhern porti on of the Severn a r eas, a nd measures 

only s ome 20 feet . Oxidised a nd silicified croc i da lit e 

is f c'und in a f GW places in d i s continuous se ams int e r­

bedded with t he more ferru g inou s l a ye rs in the marker­

b e d . 

Although the Main Marker, or that portion of it 

which r e t a ins t he c h a r a cte ristic s of the t-ru e Main 

Marke r} be c ome s thinner Quite r 8,p idly towards the 

n orthern extremity of the Heuningvlei a r ea it i s still 

r e c ogni sable as f ar as t he c e ntre of the a rea. At 'J, 

po int due wes t of the settleme nt at Heuningvlei a l aye r 

of fragmental r ocks, abcut on e foot thick, immed i a t e ly 

succee ds the Mqin Mar kor thus indicating its to p as 

in the Kurumiin a r ea. This z one o f f r agme nt a l r ock is 

succeeded by a l a ye r o f banded ironst one , 15 f ee t thick, 

which disp l ays inte n se foldinG in quite a numb e r of 

r 	 pl a c es. The f ol ds. in this l a yer a r e ge ne r a lly is oclina l 

[~nd the ir a xi s,l p l ane s which h av e a north~sou th strike 

ar8 commonly ovcrf ol ded t o the east. 

The Jasper Su bstnge r ec=whes a thickness of abov.t 

500 fe u t in the Heuningvle i 8,r ee, . The lowe rmost 
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portion of this succession i s well exposed over the 

greater part of the are a , but t he uppe r portion is 

ge ne r a lly poorly exposed owing to the presence of 

talus and wina-blown s ,'1nd a l ong the weste rn ed!:;e of 

th8 hilly trr-.1Ct formed by th8 Lower Griqu a town Beds. 

The northern p orti on of the area is e sp8ci ally cha r ac­

t erised by the paucity of outcrops and th2 abundanc e 

of l c::.rge ar 'Jas c ove r ed by wind-blown s a nd . 

Th8 l ower l)Ortion of t he J·l..spe r Substage is simila :i~ 

to that in the Kuruman are a a nd the r ccks generally 

display yellow-brown to brown c olours on weather3d 

surface s . The Speckled Marke r is f ound about 200 f eet 

above the Main Marker. It atta ins a thickne ss of two 

f ee t and displ a ys t he S2me cha r acteri st ics as in t he 

Kuruman Ar e a . 

The s ediments abov e the Speckled Marker g r 3.dua lly 

change int o mor e sandy types and a r e interc a l a t ed 

with thin bands of massive riebeckite. Septarian 

nodules similar to tho se found in th8 Kuruma n a re a n.re 

a ssocia te d with some of the siliceous layers 

of mu dst one in this succession. 

(c) The Tillito Sub stage 

The 'I'illit8 Substage is poorly r eprese nted in the 

H8uningv18i a r ea . It ourcrop s only a t the c orner beac on 

of the f arms 'I' ay (DI) and Be rwick (D2) where the r ock 

is c omposed mainly of r ounded a nd angula r fragments 

of j aspe r, chert and qu artzit e , cemented b y red-brown 

t o purple-brown gritty mat orie.l. 

4. The Pomfret Area 

In this area rocks of the Lowe r GriCluatown Stage 

crop out sporadically; sub outcrops are generally ob ­

scured by recent Kalahari sand. As far as could he 

ascertained, the Jaspe r Substage crops out only in a 

few places and no outcrops of t he till ite could be 

traced. This area was , however, not mapped in detail , 

only reconnaissance work having teen carried out , so 

that detaile d mapping of the area in future may di s -­

close additiona l outcro ps of the upper two substages. 

However, the maj ority of outcrops belong tc the 

Banded Ironstone Substage 
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The Banded Ironstone Substage 

Although the total thickness of this substage could 

not be determined accurately in the field, field obser­

vations, in addition to bore-hole results, tend to indi­

cate that the thickness of the banded ironstone in this 

area is the same as in the Heuningvlei area j i.e. around 

1200 feet. Drilling showed that the Banded Ironstone 

Substage is composed of alternating layers of banded 

ironstone and banded chert in which the former predomi­

nates. The basal portion of this substage is represented 

by a layer of banded chert, approximately 50 feet thick, 

which succeeds the underlying dolomite conformably. Bore­

hole results indicate that sha ly beds are far less common 

than in the Heu ningvlei area and that this rock-type i s 

represented by a few thin layers, ge nera lly less than 

one foot thick. 

Two diabase sills, ]0 and 75 feet thick respectively) 

were penetrated by a bore-hole drilled by diamond-drill 

which intersected the major portion of the Banded Iron­

stone Substage and which reached into the underlying dolo­

mite. These s ills are found about 250 and 440 feet 

respectively, above the dolomite. These vertical dis­

tances above the dolomite correspond well with those 

distances above the dolomite at which bore-holes inter·­

s ected diabase sills in the Heuningvlei area so that the 

sills can be regarded as underlying a large area (Bore­

hole G14084 on Hove (C2), Vryburg District). 

Crocidolite-bearing Zones 

Information obtained from bore-holes (G14084 en 

Hove 0 2 ~nd DIN 19A on Pomfret B4), from mines (Bute and 

Pomfret) and from field observations indicates that 

crocidolite-bearing zones are present at several strati­

graphical elevations above the dolomite. The vertical 

positions of these zones were compared with those in 

the Heuningvlei and the Kuruman areas a nd the correlation 

is shown in Table 6 (Also Figure 1). 

In the Pomfret area the lowermost croc idolite­

bearing zone is present between 570 a nd ~OO feet above t~ 

top of the Dolomite Series. If the combined thickness 

of the two diabase sills intersected in this succession 

is subtracted this zone is found betw82n 480 and 525 
feet above the dolomite or alternatively approximately 
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Table 6. - Vertic a l distribution of Crocidolite­

bearing Zones with respect to the Dolomit e and the 

Main Marker in the Heuningvlei and Pomfret Areas 

Crocidolite-
Height in feet 
above dolomite* 

Depth in feet 
bolow Main Marker 

bearing 
Zone Heuning­

vlei 
Pomfret 

area 
Heuning- Pomfret 

vlei area 
area area 

First Lower Zone 1110-1130 1130-1140 0-20 0-10 

Second Lower Not 104-5-1055 Not 75-85 
Zone present present 

Third Lower Zone 890-930 865-880 200-24-0 250-265 

Fourth Lower Not 700-775 Not 355-430 
Zone present present 

Fifth Lower Zone 660-710 655-675 420-470 4-55-4-75 

Sixth Lower Zone 54-0-610 595-615 520-590 515-535 

Sev~.:;nth Lower 465-510 480-525 620-670 605-650 
Zone 

* Thicl<:ness of diabase sills excluded 

605 and 650 feet b e low the Main Me rke r. This position 

vertically below the Main Marker corresponds f a irly well 

with that of the Seventh Lower in the Heuningvlei area 

(620 to 670 feet below the Main Marker), but overlaps 

the vertical position of the Sixth and the Seventh Lower 

of the Kuruman area slightly (Figure 1). The larger 

part of this zone does, however, fall within the range 

of the Seventh Lower of the Kuruman area with the result 

that it can be correlate d with this zone. 

This particular zone is mined in the Pomfret Asbes­

tos Mine where it i9 represented by two separate reefs 

referred to in the mine as the "J31ue Horizon il (Upper 

Reef) and the "Violet Horizon" (Lower Reef). The tV10 

reefs are generally separated by barre n banded ironstone 

varying in width from 8 to 10 feet, but in places they 

merge into e ach other because of the development of 

mineable fibre seams in betwee n these two reefs. In the 

Pomfret Mine the development of crociColite in this zone 

is associated with an asymmetrical synclinal fold the 

fold-axis of which trends in an approximately east-west 

direction. The Lower Reef (Violet Horizon) reaches a 

maximum thickness of some 14 feet in the trough of the 
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syncline and thins out towards the limbs of t he fold. 

Those fibre seams which are present in the upper six f ee t 

of the Lower Reef arc most persistent and are often the 

only seams which are developed towards the limbs of the 

fold. This fading out of the fibre seams is best obse r ved 

in Block D24/25 of the Pomfret No. 2 Mine vvhere the lovver 

seams of crocidolite in the reef gradually thin out and 

eventually fad e out as either the northern or the southern 

limb of the syncline is approached. 

In those l ayers of banded ironstone in which the 

fibre s e ams fade out the rock is composed of alternating 

lamina e of ma gnetite and greenish-yellow chert . This 

rock is referred to in the mine as "Zebra" roc k . It is 

a lso characterised by the irregu.la r thickness of indivi­

du a l laminae of ma gnetite a nd chert, which resemble 

pinch-and-swell structure s. (PlatE'" VIII). Croc idolite 

is occasionally deve loped within the IIZebra'i rock, 

commonly het'Neen adjacent laminae of magnetite and chert 

hut not within e ither of them . The general absence 

of crocidolite in this rock would indicate that the 

parent-material from which crocidolite crystallised was 

squeezed out of the rock in the limbs of the fold towards 

the trough of the syncline. 

In the Upper Reef (Blue Horizon) those fibre seam s 

located near the micld.le of the re e f are the most persis­

tent and the uppe rmost and lowermost seams in the re e f 

generally fade out first toward the limbs of the fold. 

It is further of int e rest to note that cone-in-cone 

structures, often observed in crocidolit e seams and 

discussed fully on p. :}:71', are restricted mainly to 

the Upper Reef in the Seventh Lower at Pomfret. 

Towards the trough of the syncline, where both the 

upper and the lower r ee fs are best developed~ the usua l 

waste parting of some 8 to 10 feet betwe e n these two 

r ee fs g8nerally carry so many fibre seams that this 

thickness of strata separating the two r ee fs bec omes of 

economic value and is mined out, i.e. t~e entire thick­

ne ss of banded ferruginous rock in the trough of the 

syncline becomes fibre -bearing. 

At the Pomfret Mine the foot-wall of the succeeding 

crocidolite zone is found some 70 feet above the hanging 

of the Seventh Lower. It r oaches a maximum width of 

from 18 to 20 fe et and is located roughly betwe e n 515 
and 535 feet below the Main Marker. In the mine this 
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zone is referred to as the "Red Horizon" and its vertic a l 

distance below the Main Marker coincides roughly with 

that of the Sixth Lower in the Heuningvlei area 

(Figure 1). 

Five separate crocidolite-be a ring subzones a re 

developed within the vertical range of 40 to 160 fe et 

above the hanging wall of the Sixth Lower at Pomfret. 

These subzones are separated from one a nother by barren 

rock varying in width from about 10 to 25 feet. Only t he 

uppermost subzone contains crocidolite in sufficient 

quantity as to be of e conomic value. This zone, which is 

found between 355 and 475 feet belovv the Main Marker, 

ove rlaps the vertical boundary between the Fourth and 

.B'ifth Lower Zones of the Kuruman area. As only the 

uppermost portion of it is of economic importance this ZOL8 

can be correlated with the Fourth Lower of the Kuru.man 

area (Figure 1). 

The succeeding crocidolite -bearing zone is present 

at about go f eet above the hanging wall of the Fourth 

Lower and reaches a thickne ss of 1 2 to 15 feet. It is 

found some 250 to 265 feet below the M~in Marker and 

corre sponds with t he Third Lmve r of the Kuruman area. 

The First Lovver and the Second Lower Zones are found 

immediately be.low, and about 70 fec;t respectively below 

the Main Marker and were observed at the nor t h-east e rn 

corner of Pomfret only. Fibre development in these two 

zones does not appear to be very good. The Main Marker 

itself is rathe r poorly developed and is not much more 

than 10 feet thick. The zone of fragmental material 
" . \. . ~. ; 

which 111. suallyoverlies the Main Marker was not observed. 

5. The area between Kuruman and Danielskuil 

The lithological characteristics of the rocks be­

longing to the Lower Griquatown Stage in this area are 

much the same as those described in the area around Kuru­

man. The main differences are found in the thicknesses 

of the lower two substages, the stratigraphical positions 

and the persistence of the different marker-beds described 

in the Kuruman area and, l astly , the vertical distribu­

tion of crocidolite-be a ring zones in the Banded Iron­

stone Sub stage. Only those loc alitie s in 'Nhich ope r ating 

asbestos mines are loc ated were investigated by the 

author, but additional information about the areas in 

between ,-,vas obtained from bore-hole results and from 
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• 


Mr. P.D. Fockema (personal communication), geologist of 

the Griqualand 'Nes t Exploration a nd Finance Company, 

who kindly a lso supplied g e ological maps of the farms 

Schietfontein (L2)1 Hurley K3, and Bretby (K2) . 

(a) The Banded Ironstone Suostage 

This substage decre a ses in thickness quite rapidly 

oetween the Kuruma n area a nd a point immediately north 

of Danielskuil. From the latter point southwards the re 

is again a steady increase in the thickness of this 

substage. On Carrington (J2), about 5 miles south of 

the southernmost asbestos mine in the Kuruman area 

(Asbes Mine) 1 the b anded ironstones attain a thickness 

of about 650 feet , which is 150 fe e t less than in the 

Kuruma n area. In the Gathlose Block immediately east 

of Repton (K2) the thickne ss remains about 650 feet, 

but not far south of this point, immediately east of 

Hurley it decreases to only 450 fe e t. On Derbi (K2)j 

6 to 7 mile 3 south of the latter point drilling proved 

the thickness of the banded ironstones to be of the 

order of 580 feet 1 and another bore-hole located not far 

from the one on Deroi indicated a thickness of 530 fe et 

Immediately north of nanielskuil the total thickness of 

the· entire succession of Griquqtown Beds is but 900 feet, 

thus indicating not only a de crease in the thickness of 

the Banded Ironstone Substage, which remains of the order 

of 500 feet, but also of the Jasper Substage and the 

overlying Tillite Substage. On Lemoenkloof (M2) and 

Botha (M2) , about 12 miles south-south-west of Daniels­

kuil, the thickness of the Banded Ironstone Substage 

again increas e s to 600 feet and from hereon southwards 

it incre a ses steadily to some 1000 feet (Visser y 1958, 

p. 13) in the environme nt of Griquatown. 

A bore -hole drille d by diamond-a.rill on Derb j: '. 

about 12 miles north of Danielsk~il, penetrated the 

entire Banded Ironstone Substa ge and proved it to b e 

composed chie fly of well-bedded, banded ironstone. 

bayers of jasper a nd chert are seldom found and, where 

present, are usually thinj me asuring only a couple of 

feet. Layers of bla ck shale are often encountered, 

especially between 80 and 170 feet and again be twee n 

320 and 350 feet above the top of the dolomite . These 

l a yers of sha le vary in thickness from less tha n two 

inches to a maximum of some 3 fe e t. Layers of massive 

0 
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riebeckite w'hioh vary in thickness from mere partings 

to more than one foot are a l so quite frequent 1 generally 

more so on cert a in stratigra phic a l horizons in the 

banded ironstone. These layers of mass ive riebeckite ~re 

found at unequal intervals and are most abundant between 

220 feet and 510 feet above the top of the .Dolomite 

S2rie s . Very thin seams of crocidolite are occasiona l ly 

developed wi thin the thicker l ayers of massive riebeckit e . 

Thin layers of grey dolomite interc a l ated with chert 

and black sha l e a r e prese n t from about 45 to a hundred 

feet aoovG the top of the main body of do l omite. fJ:'he 

bore -hol e referred to earlier proved tha t the c ontact 

betwe e n the dolomite and the b rmded ironstone is t r ans i­

tional, simila r to that in the Kuruman area and the areas 

farther n orth. The detailed se c tion between the top of 

t h e Wiain Marke r a nd the Dolomite j as gathered from the 

bore-hole on the farm Derbi i s provided in Table 7. 

Table 7. - Detailed section of the Banded Ironstone 

Substage as intersected in bore -hol es on Derpi, 

l ocated between Kurclman a nd Danielskuil 

(Drilled by Kuruman Cape Blue (Pty.) Ltd.) 

Elevation 
in 'feet 
above the Thickness 
Dolomite in f eet Description of rock t ype 

590-597 7 White and grey chert with 

i nterc a l ated l aminae of I ­
! .-.. . 

ma gne tite and subroundedi .. ­

i_. _ : inclus ions of chert., 
:- ' _ . . ; -~ 

i .- 537-590 53 Poorly oedded j jaspery chertj
I ·--~... I 
I
1-­, . 

, magne tite -be a ring in place s . 

Laminae of re ddish chert 
1._.-­"i 
i ; and seams of massive rie­
'I! • • - ~ : 

- - . 1 
beckite in places. Sub­

! _ _ J 
, I
1­ -­ , 
I '" I
!"- ... i 

ordinate seruns o f crocido­

li te at 543, 547 and 589 feet 
1- , 

~,,~:~;~:]'i 533- 537 4 Dark greenish, black II shale". 

i_ _ - -·, 528- 533 5 Ye llow-gree n che r t . 

512- 528 16 Finely laminated, banded 

ironstone with seams of 
-...J . __. . 

massive riebeckite a n d i 
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Thickness 
in fe e t 

2 

69 

10 

11 

13 

55 

18 

46 

5 

Doscriptiop of r ock type 

croc idolito. Thin l aye rs of 

black sha le at 520 ft. Cro­

cidolite from 512 to 519 f t . 

Vlhi t e-green chert. 

Finely laminated? banded 

ironstone a nd several thin 

l a y e rs of int e rc a l a t e d black 

shale and seams of mass ive 

rieb e ckit e and crocidolite. 

Crocidolite at interva l s from 

481 to 506 ft. 

Medium, thickly laminated? 

banded ironstone. Width 

of individua l cherty l amin2,e 

varying from a qua rtor t o 

half a n inch. 

Thinly l aminated banded iron­

stone; width of che rty l a ­

minae from 1/16 to 1/8 inc h; 

crocidolite at 425 and mas­

s i v e rie beckite and 424 a nd 

426 ft. 

Thickly laminate d bande d iron­

stone a nd a f e w seams of 

ma ssive riebeckite. (Cherty 

laminae display pinch-and­

swell structures) . 

Thickly l amina t e d banded 

ironsto ne and numerous 

seams of massive riobeckitc. 

Thickly l aminated banded 

ironstone; width of cherty 

l aminae a t t o one inch i 

nume rous layers of black 

shale a nd massive rie be c kite . 

Finely laminated banded 

ironstone and occasional 

seams of massive riob eckite. 

Banded ironstone. Chert y 

l am inae display pinch-and­

ewell structures. 
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Elevation 
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above the 
Dolomite 

124--223 

65-124­

62- 65 

58 - 62 

4-4-58 

21- 44 

16-21 

13-16 

8-13 

0-8 
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Thickness 
in feet 

99 

58 

3 

4 

14­

23 

5 

3 

5 

8 

Description of rock ty~e 

Medium, thickly l aminated 

b anded ironstone and l a yers 

of intercalated blaok shale, 

as well as numerous se ams 

of massive riebeckite in 

some of which crocidolite 

is developed . A layer of 

dolomitic limestone, 6 inches 

thick, is present at 1 41 

feet. Seams of crocidolite 

sparingly deve loped between 

160 and 222 . 

Thinly l amina ted banded iron­

stone; brecciated materi a l 

at 65 ft.; numerous inteI'-­

calations of black shal e, a 

f e w inches to two fe e t thic k, 

usually pyritio . Banded 

ironstone, calc a reous, e s ­

peci a lly betwe e n 65 a nd 1 13 

ft.; cherty l aminae grey, 

greenish and reddish in 

colour. 

Pyr i te -bearing, tla~k shale. 

Banded ironstone. 

Alternating thin layers of 

black shale and dolomite and 

subord inate layers of chert. 

White - grey , poorly banded 

chert and interc alations of 

khaki-c oloured shale ~ to % 
i n c h thick. 

Grey dolomite displaying 

white spec k s . 

White, banded chert. 

Grey do l omite with white 

spe cks. 

Thin, a lternating l ayers of 

b anded ironstone, shaly 

materi al a n d c hert . Two 
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Eleva tion 
in feet 
above the Thickne ss 
TIolomite in feet TIescription of rock type 

thin layers of dolomite 

are present towa rds bottom 

of section. 

17 Massive gre y dolomite 

(Logged by B. Free ) 

Although no di a b a se sill was interse cted in the borc­

hole on the farm TIerbi (K2), two diabase sills are f ound 

in the B3.nded Ironstone Substage in the environment of 

Bretby (K2) and Schietfontein (L2). These sills a re abou t 

180 fe et above the top of the Dolomitet:F~ ries and clo se ­

ly above the lVla in Marker respective ly. The sill v"Thich 

is found above the Ma in Ma rker on the f a rm Bretby (K2) 
i s tra nsgressiv8, and farthe r south it is present in the 

Main Ma rker and in other places below the marker-b e d. 

Crocidolite-be a ring Zones 

In the area betvvee n Kuruma n and Da nielskuil croci-· 

dolite-bearing zone s which are of e conomic importance 

appear to be restricted chiefly to the horizons of the 

First Lower and the Second Lowe r of the Kuruman area. 

Separate crocidolit e -bearing zones a r e deve l oped in t h e 

Ma in Marker and at severa l elevations between 10 and 115 

feet below the Main Marker. The upper portion of thGse 

zones falls within'the r ange of the First Lower whereas 

the lower portion thereof f a lls within the range of the 

Second Lowe r. That portion corresponding to the Second 

Lower is best developed a nd is mined on Bretby (K2) a n d 

Greyling (portion of Bolham, K2). On Alphen (J2), Map­

p e rley (J2) and Cubbie (J2) a maximum of five separa t e 

crocidolite-be a ring re e fs occurs within the first 80 f eet 

below the Main Marker. Of the se the second a nd the third 

reefs below the Ma in Marker a r e gene rally best de v e loped , 

and reach thicknesses of some five fe e t. On Ha ppy Valley 

(portion of Cubbie , J2) the lowermost of the five re e f 

is again the b e st developed . 

TIrilling on De rbi (K2) indic a ted s i x thin re efs 

within the first 115 feet below the Ma in Marker in which 

crocidolit e se ams a re present. The uppermost thre e r eefs 

which are found between 10 a n d 50 f ee t below the Main 

Marke r a r e b e tt e r de veloped t h an the lower ones a nd in 
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the drill-core re ach maximum widths of about four feet. 

Another crocidolitc-bea ring zone is present between 315 

to 410 feet belov" the ll:ain Marker. In this zone groups 

of crocidolit e seams were intersected at intervals of 8 
to 25 feet. In t he drill-core the seams a re usually very 

thin. Compared with the zones in the Kuruman area this 

zone c orresponds stratigrqphically with the Fourth Lower . 

The lowermost crocidolite-bearing mate ri a l in this zone 

was interse ctE~d about 170 feet above the top of the 

Dolomite Se rie s, but in neighbouring localities a still 

lower crocidolite -bearing zone is present about 80 feet 

above the -main Dolomite. 

From the ahove correlation it is evident that b e ­

c au se of the thinning out of the Banded Ironstone Substn,ge 

towards Da nielskuil some of the crocidolite 530nes between 

the Main Marker 2nd the TIolornite a re not developed over 

the entire distance between Kuruma n and Danielskuil . 

This statement is based on the f a ct that the First Lower 

remains prominent a nd so does the lowermost zone, found 

ab out 80 fe et above the Dolorni te j_ n both the Kuruman and 

the Kuruman-Danielskuil areas, but in betwe e n there is a 

d ecre ase in the number of separate crocidolite-be a ring 

zones . The Second Lowe r which is a prominent a n d impor­

tant crocidolite -bearing zone in the Kuruma n a re a and 

also on Bretby (K2) and Gra yling {portion of Bolham , K2 ) 

exte nds not much f a rther south than Garingkloof (porti on 

of Schietfontein L2 ) '1n:1 is complete ly absent on Ouplaas 

(L2) 9 Ovvenda le (M2) a nd ::Sotha (M2) south-vvest of Da nie l s ­

kuil. 

(b) The Jasper Substage 

(i) The Main Marker 

The Ma in Marker undergoes a gradual change towards 

the south especially with respect to the width of the 

zone of fragmental material which constitutes the upper­

most portion of the marker- bed. On Carrington (J2), 

located not far south of the Kuruman area the Main Mar:r'O>y. 

still displa ys the same warped bedding-planes and e lon­

gated inclusions of yellow- gre y chert and ret a ins it s 

over-a ll thickness of about 40 f ee t, but the zone of 

fr agme nta l material a t its top becomes thicker and there­

fore more prominent. Still farther south, for example 

on Alphen (J 2) and Happy Va lley (portion of Cubbie, J 2 ) 

the zone of fragmental materi a l above the Main Marke r 
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r eache s a max imum thickness of ab out five f eet . Where 

this thic kness is app r oached it oft e n displays a con­

spicuous gradation in the s ize of the fragments from 

b ottom to to p . 

The fragments in the l owe r portion a r e a ngula r, sub ­

a n gul8.r and in some pla c es a l mos t rounde d. They generfl11y 

measure abou t thre e inche s a l ong t h e ir majo r a x es . To ­

wa rd s the to p of the zone the fragments de crease s gra ­

dually in s ize to d ime n s i ons o f less tha n half a n inc h 

me asured along their ma jor axes . The fragme nts a re 

mainly c ompo s e d of white, grey and brownish che rt set in 

a ferruginous ground - mass c omposed of small e r fragments 

of che rt, c emented b y ferruginous a n d silic eou s mate ri~l . 

The fact that the z one o f fragme nt a l mate r i a l is 

rema rkab ly pe r sistent over l ong distances, that is pre ­

sumably re tains the same st r a tigraphic a l position a n d that 

some de gree of sor ting is evident, p oints to the p ossib i ­

li ty that the fragmental mate ria l may r 2p res ent a n 

int r afo r mational sedimentar y breccia . 

(ii) The succ ession abo v e the Main Marke r 

The J aspe r Substage and the und.e rlying Ba nde d Iron­

stone Substage decre''1se in thickness f r om Kuruma n towards 

Dan ie Iskuil. A couple elf mile s south of the Kuruman 

a r ea they measur e about 600 fe et in thickness . They are 

about 650 f eet thick in the envi r onment of Bretby ( K2) 

and about 400 f eet or les s i mmeo.i ate l y n orth of Danielskuil . 

T'he r ock- types c ompos ing the Jaspe r Sub stage a re the 

s a me as in t h e Kuruman a r ea , bu t tho Spe ckled and the 

Magnet i te - che rt Marke r s become cliff icult t o d i st ingui sr.. 

fr om other simila r bands in close proximity of one anothe r. 

This is particularly the c ase in the area a round Ca rring­

ton whe r e Stu1ting (1964) recognised at l eas t five 

different l a yers displaying the cha r a c te ri st ic s of the 

Speckled Marker . These " spe ckled " layers a re found about 

50 ) 85 , 115, 120 a n d 130 feet abov e the Ma in Marker . 

Most of them a r e i mpe r sistent, e xc ept for the one ne a r est 

to the Main Marke r a nd the one found some 1 20 f eet ab ov e 

it . The l atte r is the most pe r s istent a nd has an average 

thic kness of one f oot . It is immediately underlain by 

a l a yer) appr oximately three feet thick, which rese mble s 

the Magneti to - chert Marker a nd 'Nhich c ont a ins s ilicified 

crocidolit e ( t i ge r l s - eye) in pl a ce s . 
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Severa l o ther l a yers r esembling the Magnetite-chert 

Marker a r e also found, but n one of them is as persi s tent 

as t he one immedi a.tely below t he speckled b a nd 1 20 f eet 

a bove the Ma in Marker. If this marke r-b a n d is tra c ed 

t o the south, i t becomes much thi cker a n d very c onsp i-­

cuous because of the freQu ent development of crocidolit e 

closely below, within or above it. Towards TIanielskuil 

a nd beyond it attains a thickness of abou t six t o eight 

feet and is e asily recognised as the Magnetite-chert 

Warke r. A detailed description of its chara cteristic s 

around Danielskuil is given in the discussion of the 

Ouplaas- Botha a rea (M2), s outh-west of TIa nielskuil ( p . 84) , 

The Potshe rd Marker, which is the l owe rmost of a 

serie s of usually three similar l a yer s i n the a r ea i s 

found ab ou t 100 feet above the Magnetite-chert Marker 

on Carrington and in the immedia t e neighbourhoo d , which 

is ab out 220 feet a bove the Main Marker . In the Kuruman 

area the s tra tigra phic a l interva l b e twe en the Mai n Marke r 

and the Potsherd Marker varies from around 370 to 390 

f eet , thu s showing a decrease of about 1 50 t o 170 fe e t 

in the area a round Ca rringto n. 

Severa l othe r layers, displaying the same chara c­

teristics as the P otsherd Marker, h a ve been rec orde d a 

odd interva ls ahove t h is marker-b ed (Stulting , 1964). 

The "potshe rd" laye rs are quite persistent, but a ny 

individua l l aye r i s n ot restric ted to t he same stra tigra­

phical horizon ove r long distances . If one of the se 

laye r s (s t r a ce d along strike it is foun d tha t it r e t a ins 

its strat i~raphic al position ov e r d i stanc es of the orde r 

of 150 fe e t, then fades out gradually a long strike t o 

r eappear at an elev a tion s lightly b e lov;, or slightly ( 2 t o 

5 feet) above its former str a tigraphica l position . Away 

fr om the p oint where it sta rts to develop again it will 

gradually become thicker attaining a widt h of about t wo 

feet and again decre asing in width farther on. Bec a u se 

the s e laye rs a re found close ly t ogether the narrow zone 

in which they a r e prese nt r e mains c onspicu ous a n d fe r-­

sistent and serves a s a good marker- horizon . 

Farther south towa rds Danie I s kuil three maj or "pot ­

sherd " bands are present. On t he f a rm .TIerbi (K2) a nd 

the i mmedi a te; vicinity the l ower one is found a t ab ou t 

300 fe e t above t he Main Ma rke r. A diabase sill is 

present withtn t h e J a s per Substage 1 about 100 f ee t above; 

the Main Mar ke r. 
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6. The Ou~laas-Bo tha Area 

Thi s area which is situat cd south-vve st of Il a nielskui l 

c ov e r s the f a rms Ouplaas (L2) , Barke r (M2), Owenda le (M2 ) j 

Lemo enkloof (M2), Botha (M2 ) a nd Warre nda l e (M2) which 

are loc ated from about six t o twelve miles south-INest 

of the villa ge . During the time of inve s tiga t ion four 

asb e stos mine s were in ope rati o n on some o f th l": f a r ms 

with t he r esult that de tailed informat ion o n t he vertic a l 

distribution of asbes t o s-bearing z o ne s could be obtaine d 

from unde rground workings a n d from bore-holes drilled f or 

pro s pe c ting purp o s es . Cor e samples from a bore-hole on 

Botha (M2 ) a lso supplied, v a luable info rma tion vvith r egard 

t o the lithologic a l var i at i on in t h e major portion of 

t h e b an ded ironst o ne succession. 

The total t hickness of the Lower Griqu8.t own Stage 

increases from goo feet imme diately north of Danielskuil 

to about 1100 t o 1 200 feet in the Ouplaa s-Botha a re a. 

Of this t otal the Brmdcd Iron s t one Substage represe nts 

about 600 f eet as measure d b etwe e n the Main Marker unO. 

t h e Dolomite. It sh ould be p o inte d out that whereas in 

the Kuruman a r ea a thin layer of b Fl,nd e d ironstone , about 

30 f ee t thick immediately s ucce eds the Main Marker; thL3 

pa rticula r banded irons t one zo n e increase s in thicknes s 

to alJ(>ut 1 60 feet in the a r ea unde r discussion . Should 

this portion be included in the Ban ded Ironstone Substage 

its t hickness incre a ses to about 800 f eet . 

(a) The Bande d Iron ston e Subst a ge 

Since the upper limi t o f th i s sub s t a ge h a d heen set 

a t t he Main Marke r in the r egion Borth o f Danielskuil the 

same subdivision will be a dhe r ed t o in the a r e a s outh of 

the villa g e a lthough there is an incre ase in t he thickness 

of t he banded ironst on e zone succ eed ing the T\ila in Marker. 

The thickness o f the banded irons ton e interse cte d by 

drilling below the Main Marke r v a ries from ,,"bout 550 feet 

on Lemoenklo of (M2 ) to 600 feet on Botha. This Substage 

is c omp ose d c h i e fl y of we ll-bedded ironst on e vv i th subor­

dina te inte rcala tions of jasper a nd banded chert . In 

both bore -hol es r eferr e d t o , black, shaly l a y e rs were 

intersected towa rds the b ase of t he banded ironstone a s 

well a s thin beds of tuffac eous ma terial a t od d interv~l e . 

In the bore-hole drilled on Lemoenkloo f a l a ye r of 

black shale, 30 f eet thj,ck, was pe netrated immediately 

abov e a serie s of a lte rnating l aye r s o f dolomi te and 
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che rt. Thi s z one represe nts t he t ransiti ona l c ontac t 

b etvve e n the :B8..nded Ironst one Subs t age a nd the Dol om i te 

Se rie s and co r r esponds wi th t ha t fo und in l oc a lit ies 

t owar ds t he nor ~h of t he pr2 sent a r e a . Th is t ransiti ona l 

zone i s a l so proved b y bor e - ho le r e sult s on :Bo t ha. 

Th i s b or e - ho l e wa s colla r ed at abou t 20 f eet be l ow the 

Main Mi1rker i-:md inters ec ted chie fly banded irons t one 

t o a depth of 434 f eet oe l ovv su rfa c e . The u ppe r 200 

f ee t cf the band ed ironsto ne we r e oxi di sed to v a r y ing 

degre e s 1 the intens ity of ox i d3t i on de c r e asi ng with an 

increase in depth b elow surf ac e . 

The detailed se c t i on pe ne tra te d by t h is bore-ho l e 

i s g iven in 'Tab l e 8 . 

Tao l e No .8 - Detailed Sec t ion of 	t he :Bsn ded 

Irons t one S~bstage as inte rs e c te d 	 in bo r e-hol e DM1 2A on 

Bo ths (M2), Po s tmasburg IJi s tric t (IJ rille d by 

Cape :B l u e Mine s (Pty.) Ltd . ) 

Elevation i n 
feet ab ove Th icknes s 
t he IJ ol omi te in f ee t IJ e s eript i or:: 

!~ i 

170-590* 420 :Banded ironstone . 

; '-C-l ' i ~'-i 1 68-170 2 IJ ol omitic l imes t one. 
l =~~~_=-- ! 

--. - I 
--._. I 

156-168 12 Thinly l amina t ed bande d 
1- - ·· · I 

- - ---.· 1 ironsto ne . 
- - --_.-! 

--:- I 115-15 6 41 Banded che r t and t h i n 
- I _.--- , 

j - -_ ., 

1----1 
1.- - i 

int erc a l at i ons of do l o­

mi tic l i mest one at 1-39 

and 1 56 f ee t. 

fi:t~ . j
, ; ' 1 

98-115 

94- 98 

17 

4 

Bl a ck t o gre y shal e . 

IJolomit ic lime stone . 
~~-

66- 94 	 28 Light - grey, ban ded che r t !---- : - -~. ~ 
; ," . .. 	 and occ as i ona l thi n 

inte rc a l ati ons of 

do l omitic lime stone . 

59- 66 7 IJ ol omitic 	 lime stone . 

15- 59 44 Banded ironst one a nn 

subs i d i a ry inte rc ala­

tion s of d ol omitic 

lime stone and b an ded 

chert . 
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Elevation 
in feet 
abo ve the Thickness 
Dolomite in feet De sc ript ion 

0-15 1 5 Bande d chert and interc a -­

lations of limestone. 

Zero Massive dolomite 

* 	 Collar of bore-hole about 20 feet belo1711 base of 

Main Marker. (Logge d b y J.J. Mayer). 

This bore-hole (Table 8) intersected no diabase s ills , 

but other bore-holes on the same farm and also on the 

near-by farms Le moenkloof (M2), Owenda le (M2) and Ou­

plaas (L2) intersec ted one or two sills within the Banded 

Ironstone Substage. On the adjacent farms Ouplaas (L2) 

and Barker (M2) a diabase sill about 100 feet thick i.s 

present closely below th311:'lai n Marker. This sill c r ops 

out over a length of strike of s ome 2 ,000 feet and i s 

terminated in the north against a fault striking north­

south, with downthrow on the east s ide. The same s ill 

i s found imme d i a t e ly north of Danie I s kuil, just below 

the Main Marke r (Folder 1). 

Drilling at the Ouplaas Mine proved the presence of 

a diabase s ill at an average clepth of 200 feet belo\1J t h e 

Main Marker. The top of this sill was intersected by a 

number of bore-holes close together and indicated that it 

varies from 175 to 230 feet below the Main Marke r over a 

short d i stance. The average thickness of the sill is 

70 feet and var i e s from 56 to 157 f eet from east to west . 

This is apparently the same sill which crop s out a p proxi­

mately 20 feet below the Mai n Marker on Barker (M2), lo­

cate d just over a mile east of the Ouplaas Mine. This 

sill is therefore slightly transgres siv e at a low anglo, 

Drilling on Owendale (M2 ) , south -west of the Ou ­

plaas Mine indicated the presence o f one, or in places 

two sills below t he Main Marker. Where only one sill 

was intersected it i s found about 1 20 f ee t be low the 

Main Marker and has a n average thickness of 20 feet. In 

bore-holes nearby a seco nd diabase s ill was int ersec t e d 

at some 45 fe e t below t he upper sill. The average 

thickne ss of the lower sill as ootained from ten diffe -· 

rent b ore-hole sections i s 23 feet, and vari es from 15 

to 45 fe et . In s ome of the oore-holes in which only 

the uppe I' s ill vva s encounte re d its th i c kne s s inc r eascd 

to 50 or even to 80 feet in plac es . The fac t tha t the 
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uIJpe r sill increases rc:markably in t hickness where the 

lowe r sill is absent points to the possibili ty tha t the 

two r epresent a single inj e ction of magma which in 

plac e s gave rise to two se p a rate s ills 1 which merge 

into each o ther again in othe r loc a lities. A deep b or e ­

hole on Lemoe nkloof (M2) , wes t of Owenda le (M2) 1 inte r ­

sected one diabase sill only at a d epth of 150 feet 

below the Main Marker. This sill is 95 feet thick. On 

Owe nda le (M2) where one of the s ills intruded into a 

crocidolite-bearing zone the mineral is hi ghly met a ­

morphosed. The thermal metamorph ic effects are di s ­

cu sse cl 0 n p. 144. 

(b) The Main iclarkcr and the J aspe r Substage 

The Main Marke r is a very conspicuous marker-bed 

in the Ouplaas-Botha area, even more s o than in the 

Kuruman are a . The main difference from its counterpart 

in the Kuruman are a is the general presence of two, 

a nd in some places three, well-defined zones of fragmen­

tal ma teria l at its t op , towards its middle a nd at 

its base. 

Where three separate zones of fragmental materi (?~_ 

a r e prese nt, as for example on Owe nda l e (M2) 1 Botha (jI2 ) 

and oth e r f a rms in the vicinity 1 the v e rtic a l distribu-­

tion of rock-type s in the Main Marke r from base to 

top is a s follows:­

51-61 f ec t Zone of fra gme nt a l material. Top_ 

36-51 feet Fe rruginous jasper a nd intercalat ions 

of banded ironstone . 

34-36 f eet Zone of fragmental material. 

4-34 feet Ferruginous jasper and intercalations 

of banded ironstone. 

0-4 fe e t Zone of fr agmenta l ma t e ria l. Base, 

The uppe rmo st and lowe rmost zones of fr a gment a l 

ma t e ria l are the most persistent and a r e often the 

only zones of the ir kind present in the Main Marker. 

At a number of loc a lit ies not far north of the area 

under di s cuss ion a well-defined zone of fragmental 

material is found a bout 100 feet below the Main Marker. 

This particu lar zone thins out to a few inches a nd i s 

complete l y absent in many p l a c es . 

The Main Marker is succ ee ded by a l aye r of b a n ded 

ironstone which att a ins a thickness of s ome 160 fe et 
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compared with about 30 feet in the Kuruman area. It is 

succeeded by yellow to yellovv-brown jasper. A thin 

layer at the base of this jasper zone displays many 

features characteristic of the Speckled Marker. All. the 

concret ions or it speckle s II in this band have a thin 

outer rim composed of iron oxide s INhich form a distinc t 

contrast iNith the enveloping j aspe ry ma trix 0 

A layer j approximately three feet thick and which 

displays all the characteristics of the Magnetite-cher~ 

Marker of the Kuruman area is found about 190 feet above 

the Main Marke r. Crocidolite, oxidised and partially 

silicified where exposed, is associated with this layer 

in a few places. The proper Magnetite-chert Marker is 

found, however, about 30 to 40 feet above this thin 

laye r. 

The Magnetite-chert Marker in this area attains a 

thickness of from six to oight feet and generally forms 

a conspicuous ledge. It is composed mainly of yellow-­

grey che rt? v'li th thic k (t-l inch) laminae of magnetite. 

Immedia tely above and below the Ma rker-bed a thin bed j 

measuring from 6 to 12 inches and containing cherty 

nodulcs j is present in plac e s . Some of the nodule s 

are subrounded and the beds a re accordingly referre d t o 

by some prospectors as Ilconglomera t e Il. Croc idolit e i s 

associa ted. with the Magnetite-chert }'rarker in many 

places. In this pa r t ic0_lar a rea the crocidolite semns 

are g e nerally found above the ma rker-bed. North of 

J)aniel:3kuil in the vicinity of Schietfontein (L2) and 

the neighbouring f a rms the best developme nt of crocido­

lite seams is a short distance b e low the marker-bed . 

Cross-fibre is also developed in places within the marker­

bed, as for instance on Warrendal e O!I2) . At the latter 

locality oxidised crocidolite fibres, more tha n four 

inches in length, are exposed in old working-pla ces 

(Pla te XVr:::,:", This crocidolite zone represents the 

Third Upper and is the u p per limit of crocidolite 

deve lopment in the are a . 

The marker-bed is followed by more jaspery layers 

and the Potsherd Marker is found about 100 feet above 

the Magnetite-chert Marker . Tho vertical distribution 

of the marker-beds in this area is given in Table 9 . 
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Table 9. The vertic a l di st ribution of Ma rker-b eds 

in the Ouplaas-Botha a r ea 

M.arke r ­ Thickne ss Rock- type RemCl.rks
bed 

------------------------------------------------------------.~---

Potsherd e.pproximate ­ Disc -l ike frag­ Impe rsistent . 
Marke r ly two feet ment of white­ Found about 

g r ey chert set 340 feet above 
in a matrix of Main Marke r. 
fe rruginou s 
chert 

Magnetite- Six to Thickly bedded Ve ry conspi ­
che r t 
Marker 

e ight fe i3 t banded iron­
stone 

cuou s . Approx­
ima tely 220 
feet above 
Main Marker . 
Seams of cro­
cidolite 
( GriquaLm­
dite in out­
c ro p) common­
ly aSSOCiaTeC. e 

Speckled Approximate ­ Chocola te-b rown Impersistento 
Marke r ly one foot che rt with con­ About 1 60 

cretions of f eet abovc..: 
yellow che rt the Mai n 

Marker. 

Main 40 to 60 Poorly bedded Conspicuous. 
Marke r feet j a sper a n d Often co n ­

intercala tions tains seams 
of band c d of crocido ­
ironstone a nd lite . 
fragmental 
materia l 

(c) 	 The v e rtic al distribut:i_o n of croc idolite-­

be a ring zo nes 

The c rocidolite zone s which a r e found above the 

Main Marker may be correlated with the First Upperj 

Se cond Upper (associated wi th the magnetite-chert bed 

some 30 to 40 feet below the Magnetite-chert Marke r ) 

a nd the Third Upper ( assoc i a ted wi t h the Magn e tite ­

chert Marker) of the Kuruman a r ea . The First Upper 

Zone continues well into the Main Marker and i s an 

important c roc idolite -bearing zone in the a r ea . Th i s 

zone is mined on a large scn.le in the Oupl aa s Mine . 

At t his c ent r e very little fib r e is actually located 

abov e the zone of fragment a l material which r epre sent s 

the top of the Mai n Nlarker; seams are develope d only 

over a vertical distance of about one foot imrne di ate l y 

above this zone. The r emainde r of the mineable r eefs 
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at this mine are located within the Main Marker so th~t 

in this area this zone should actually be refe rred to 

as the Main Marker Zone • The crocidolite seams imme- ­

diately above the Main Marker in the Ouplaas Mine a.re 

separated by fragmentary material, about four fe e t 

thick, from an underlying fibre-bearing zone ranging 

in vvidth from 20 to 30 fec::t. The crocidolite seams 

become thinner a.nd e ventually disappear completely 

towards the base of the Main Marker. The base of the 

Main "M a rker in the mine is characterised by a second 

zone of fragmental material which measure s about three 

f eet in thickness. Immediately below thi s zone, cro­

cid.olit e -bearing seams a r e developed over a negligible 

width only. The se secondary seams of fibre actually 

represent the First Lowe r which is generally poorly 

developed in the a rea around Danielskuil. 

The vertical distribution of crocidolite-be a ring 

zone s below the Main Marker in the Ouplaas-Botha a.re a 

can h a rdly be correla ted in detail with the crocido­

lite-bc~aring zone s in the Kuruman area. This is due 

to the fact that the crocidolite se ams in the former 

a re in p l aces close ly distributed over vertical dis­

tanc es of about 400 f e et. Such thick crocidolit e ­

bearing zone s have been penetrated in bore-hole;s on 

the farm Owe nd :3.1e . 

The vertical distribution of crocidolite in this 

area as obtained from bore-hole results, field and un­

de rground observations i s shown in figure 5. From 

the combination of the bore-hole results shown in 

figure 5 it becomes evident that crocidolite-bea ring 

seams TD'lY be found at close interva ls from a'oout 1 20 to 

520 feet below the Main Marker, if the widths of the 

intrusive diabase sills in the areas a r e excluded. Such 

extensive widths over which crocidolite seams are 

developed could only be expected where structural con­

di tions for the formation of crocidolite are e xtreme ly 

favourable. It should be pointed out that in the 

c ase of crocidolite seams associated with steeply dtp-­

ping, narrow brachyanticlines and synclines a bore-hole 

could give the wrong impression of the true width of 

the crocidolite -be aring zone. This is part icularly 

the c a so where jump-drills or air-drills are us e d for 

drilling. Other bore-holes drilled in the vicinity 

indic ate a mora haphazard vertical distribution of 

crocidoltte -be ::Jring zone s n.nd from their rosults it 
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would appear tha t crocidolite-bearing strata could 

genera lly be expected at different depths below tho 

Main Marker (figure 5). 

A relat ive ly prominent crocidolite zone is found 

from about 124 fe e t to 174. fe e t below the Main IVbrkerc 

From the vertical distribution of diabase sills in the 

ar2a this zone may be occupied in part by diabase. This 

zone has been intersected on Owendale (M 2) a nd Botha 

(M2). On the l at ter it represents the No .1 Re ef of 

the Vvarrendale Mine. The maj or portion of this zom 

f a lls within the vertic a l limits b e low the Main Marker 

of the Third LO'."ler of the Kuruman a rea. 

The next most persistent zone is loc a ted betwe8n 

a bout 210 a nd 335 fe et b e low the Main Markor and is 

present on Owendale and Botha. It could a lso be expec-­

ted in structurally favour able loc a lities on f a rms in the 

neighbourhood. It is of interest to note that thi.s zo e : 

or the upper portion thereof i s a pparently missing below 

the pre sent workings in the Ouplaa s Mine a lthough the 

Main Marker a t this mine i r~ very well minera lised and ';_ 

distinc t basin structure can be observed a t this 10caL.t:r 

I n the Warrendale Mine loc a ted on Botha (M2) this 

particular zone is mined as the Nos. 2) 3 1 4, 5) 6 and 7 

Re e fs and it s vertical limits still fRll mainly within 

the reach of the Third Lower of the Kuruma n area) but 

its lower portion tr;:msgress e s into the vertic a l limi ts 

of the Fourth Lowe r Zone . 

Close ly below the b ase of this zone crocidoli t e ­

be Rring rock is prese nt in places at close intervals 

from about 350 to 520 feet below the Ma in Marker, verti­

cal limits which chiefly fall within those of the Fourth 

and the Fifth Lowe r : Zone s of the Kuruman a rea if me asure d 

from the Main Marker. The base of this lowest zone is 

about 80 feet above the top of the Dolomit e Series and 

should therefore be correlated stratigraphically with 

the Seventh Lower of the Kuruma n area . The very con·­

sistent presence of crocidolite -bearing stra t a a bout 

80 feet above the dolomite in the Kuruman a r e a, the a r ,J a 

between Kuruman and Da nielskuil a nd also in the area 

s outh of Danie lslmil would indicate tha t the low e rmost 

zone is re s tricted t o a definite stra tigraphical horizon 

and tha t croc idolit o- be flring zone s which are fo u nd be tv:;:; 2~ 

the Main Marker and the Dolomite cannot, on the b a sis 

of the po sition of the Main Marker only, be corre l ated 

as b e ing re stric ted to the same stra tigraphic a l horizons. 
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However, for practical purposes the subdivision of the 

different crocidolite-bea ring zones should be b a sed on 

the position of a characteristic marker-bed higher u p 

in the formE-tion, becaus\-; the se marker-beds form the 

keys to the prospecting for crocidolite in the entire 

Northern Region. It is furthermore evident that the 

Second Lower Zone which represents an important source 

of crocidolite in the Kuruman area a nd these immedia t e ly 

adjoining, is completely absent in the area south 

of :Danielskuil. 

7. The Griquatown Area 

The Griquatovm area as discussed here includes t he 

entire range of the Asbestos Hills from Lime Acres (M2 ) 

in the north to Elandsfontoin (P5), about 15 miles 

south of Griquatown; a length of some 53 miles along 

strike. The larger portion of this area was mapped 

during 1938 and 1939 by L.G. Boardman, then a 

member of the Geological Survey. A number of farms in 

the northern extremity of the area was mapped by F.e. 
Truter and co-workers during 1937 and 1938. Visser 

(1958) who mapped the distribution of tho Lower Gri-­

quatovm Beds in the Mats a p Hills, along the western 

limb of the Ongeluk-Witwater Syncline , compiled a report 

on the geological features of that area as well as of 

the area which vms mapped by Boardman. :During Ma y 19 65 
the present writer spent a couple of weeks in this 

are a, trace d the extension of the l\hin Marks r into the 

area and conc entrated on the distribution of crocido­

lite-bearing zones in the strata. A numne.r of traverse s 

across the constituent rocks yielded a dditional infor­

mation with regard to the facie~ change apparent in tho 

bande d ironstone ane1 the overlying j aspe r. 

( a) The Banded Ironstone Substage 

This substage which attains a thickness of about 

1000 f ee t (Visser, 1958) is exposed southwards as far 

as the nor.thern boundary of Durandt se Pan 55 (05), and 

is separated from the succceding Jasper Substage, over 

almost the entire d istance; by tho Main Marker . 

The contact of this substage with the underlying :Dolo­

mite j where exposed, shows similar transitional fe a ture s 

as in the area f~rther north. This transitional 
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contact i s cha r acte ris e d by a n increase in interc f..'tl a tions 

of banded c he rt , some b,..,~nds of which cont a in thin l amin:J.o 

of magnetite, in the uppe r 50 feet of the Dolomite. Vis­

ser (1958, p . 13) r e corded th a t, "the trans ition from 

d ol omite to f Grruginous; bandGd che rt and, wi th a n 

increase in the iron oxid.e to bande d ironstone proper , i s 

usua lly c omple t e within q f e w f e at il • 

No de2p bor e -hol es, penetra ting into the Dolomite 1 

have be e n drillGd for asb e stos in the Griquatown a rea. 

The dC8pe s t bore-hol e in the a re a , of vvh ic h the writor is 

aware , is one recent ly drille d by the Griqua l a nd 1~le st 

Exp l or a ti on and Finance Company on the Farm L8Guwvlei 

553 (N6). This bore - ho l e wa s sta r ted just below the Main 

Marker a nd was drilled to a depth of 900 feet without 

reaching thG Dolomit e (Folder 1). It int e rse c te d a thic k 

diabase sill betwee n about 450 8.nd 585 feet be l ow the 

Ma in JlJIarker but fai le d to prove the presence of asb e st os ­

bGari ng z ones in the b a nded irons t one . According to this 

bore-hole the minimum th i ckness of the Banded I r o nstone 

Subst a ge on Leeuwvlei i s of the orde r of 800 fe e t, \Nhic h 

alr Gady shows a n increas e of 200 f ee t comparr.?d wi th the 

are a i mmediate ly s outh of Danie l skuil. A se c ond ·bo r t~ ­

hole, clri l lGd a coupl,:; of hundred ya r ds wes t of the 

abov e ? interse ct ed the diabase s ill much closer to the 

Main :1l1arke r and the r Gf or e indic a tes t he transgr Gss ive 

nature of the sill. The same diabase s ill crops ou t on 

Jac obsfonte in 50 1 (N6), n or th of Le,,;mvvle i 553 a nd could 

be foll ovv ed south of the l a t ter f a r m t o where it di s ­

a ppears unde rneath surfa c e rubble on 55 4 (N6)1 a d.is ­

tonc e alo ng s trike of some ten miles . Far the r south on 

HOIB fi e ld 5'31 (N6) po or outcrops of a di ab ase s ill a r e 

f ound not mor e tha n 200 f eet above the Do l omite ,but i t 1S 

n ot c e r tain 'ivhethe r thi s s ill is t h e same as t he one on 

Le euwvlei 553 (N6) . 

Lithologic a lly the b a nd ed irons tone in the northe r n 

portion of the Grtquatown a r ea i s very simila r to the 

s ame rock- type found f a r t h e r n orth . However y t o the sC'"'Jth~ 

beds of ye 11011'1- brown j fls pe r , int e rc a l a t e d in t he b 2.Jlde d 

ironsto ne 1 b e c ome much mor e c ommo n a n d one get s the 

impression that here thi s substa ge c e nt a ins mor e layers of 

j a sper tha n in the a r ea t o the n orth . 

(b) The Main Marker and the Jasper Sub stage 

The Main Ma rker c ould only b e t r a c ed with cert ;:=tinty 
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as f a r south a s~ 54 (N5) and perhaps t:1S f a r as La Provence; 

51 (N5) . The zones of fra gmental mate ri a l in the Main 

Marke r , so characte r istic of the Ouplaas-Botha a r ea , de 

not c ontinue farth8r south than the v icinity of the nOT--­

thorn boundary of ,J Clcob sfonte in 50 1 (N6). The marke r-bed 

dec r e ases rc--lpidly in thickne ss and attains s imultaneous1y 

the same cha r a c te ri st ics vvhich it displB,Ys in the Kuruman 

a rea, viz. the prese nce of warp ed bedding-pla nes and 

the presence of le nses~ l a yer s a nd irregular? elongatel'l 

bodie s of grey-white che:ct which often r e semb l e Ib oudinage il., 

South of the h omes t ead on JRcobsfonte in 50 1 ( N6) t he 

Main Marker has an ave rage thickness of approximate ly 

25 feet a n d is chiefly c omposed of l aye r s of iron-poor jas­

per. 1:'he ob l ong-shaped inclusions of grey-white c hert 

in the j a sper beds appear c oars e r-gro.i ne d than t he ir 

count e rpa rt s in the Kuruman a r ea and a re a l so lighter 

in c o lour than in the l att er a re a . The uppe rmost s ix 

to 12 inche s of t he marke r-bed cont a in par t ly disori e n-­

t ated~ disc-like bodies of lIvhite chert a nd r esemb l e 

the zone s of fra gmental mate ri a l in the Main Marker 

f arthe r north. On Jacobsfontein 501 (N6) the Mai n 

M~rker is succ ee ded by a l ayer of banded i r onstone ap: _ 

mate ly 60 fe e t thick , which pinche s ou t r cllJid l y to the 

south. This laye r i s still pr ese nt on Ri sing Star 528 

( N6) but was n ot obse rved on Leeuwvl(~ i 553 (N6) , i mme ­

diately south of it. Towar ds tho southern bo r der of 

Leeuwvlei 553 (N6 ),the Mai n Marke r decreases in thic k nes s 

to only 15 f ee t. It ends aburpt ly against ,]. cUagonal 

f ault runni ng a cross 0.5 31 (1\16), 0. 532 (N6) and Le cmvvvlei 

553 (Polde r 1 ) . The marker-b ed c an st j_ll be djstinguishcd 

on 0.56 6 (N6) bu t farth?r south the presence of se veral 

t hin l aye r s which display s i mi l ar chara cteristtcs makes 

it very difficult to dec ide v/h i ch l aye r actually r e ­

presents the c on tinuation of the I'/lai n Marke r. Fu rther­

more, the re is an increase in the number a n d the thic kneS S 

of jaspe r inte rc a l a tions vd thin the upper portion of 

the Banded Ironstone substage which also makes it more 

d iff icult to distinguish the Main Marker. 

On Duitse put 53 (I1J5 ) , Turksvypan 52 (N6) a nd La 

Provence 51 (N5) the i nc r ease in beds of jaspe r in the 

Ban ded Ironsto ne Substage is considerably a n d the 

distinction betwee n banded i r ons tone a nd the overlyj_ng 

jaspe r b e c omes les s pr ominent. A diagonal fault, tren­

ding acro ss Durandt se P a n 55 (05) a n d which probably 

me r ge s with the strike - fault which runs t h r ough the 
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village of Griqua t own? c au s ed c onside rable downfaul t ing 

8n the we st ? so much so th 2t only the Jasper Sub stage 

crops out fro m Durandt se Pan 55 to some miles beyond 

Griquatmvn. 

Visser (1958) n oted tha t in vertic a l cliff s more thnn 

500 feet h igh a n d which a r e seen south of Griquatown the 

l owe r most s trata cire c omposed o f r emar kably uniform j 

thinly l aminated ferruginous an d s ilice ous b a nds ( p . 1 4 ) '1 

He r egards them as b e longing to t he Ba nded I rons t one 

Substage. Th8 strat a of which these cliffs are c omposed 

show many cha racterist ic s s imilar to the J aspe r Sub stage 

imme d i a tely n orth of the town. Some two miles south of 

Griquatownj close to the east e rn bounds.ry of the Asbes t os 

Hills a n d 18ss than 50 f eet abov e t he e leva tion of the 

flat dolomit e pla te au t o the e a st 1 a thin layer shovving 

some cha r a cterist ic s o f the Main Ma rke r is found. A 

bore - hole drilled from this elevation continued in ferru ­

g inous l aye rs to a depth of 450 feet without interse c t ing 

dolomi te . This bore-hole also proved that a strike -f::ml t 

vvith conside r able dovmthrow on it s we st s i de ext e nd s for 

some d ista nc e a l ong the f oot of the esc a rpme nt be tween 

t h e Dolomite a nd the b anded irons to ne -j asper beds. 

Traverse s across outcrops of the Lowe r Griqua t own 

Beds immedi a t e ly north of Griquatown proved tha t it i s 

composed chiefly of p o orly bedde d jasper with se vera l 

thin int e rc a l a ti ons of b a nd ed ironstone. From ap proxirnate ­

ly due west o f Griqua town toward s t he southern extremity 

of the Griquatown area a fine - gr a ined? well- bedde d 

chlorit e - be a ring rock which r e sembles mud s tone mak es its :; 

appe a r a nc e t owa r ds the top of t he Jaspe r Substage. 

The IImud s t one " is usually h ighly ferruginous? f a irly 

silic eous and a f a ir content of manga ne s e is ind ic a t ed by 

e ncrus t a ti ons of psilomela ne on weathe r e d surfa c e s a nd 

a l ong joint-p l a ne s . In the t opmost b eds of the "mu ds tone " 

zone sGvera l thin layers of quartzite are develoIJed . They 

oftGn f orm low cliffs a nd prominent l edges. The most 

prominent quartzit e b a nd is f ound clo se ly below the 

Tillite Subst a ge. 

This particulClr l aye r of quart z ite first appears D.S 

a n oticeab l e feat"ure in the topography on the north8rn 

portion of Moos - Fontein (05) whe r e it lie s immed iately 

below the Tillite Substage . A short dista nce n orth of 

t h is p oint the Tillite Substage rests directly on t he 

J asper Substa ge there fore a tt a ining the same stratigrClph i­

c a l p osition as in the rem8inder of the Northern Region . 

Following the quartzito to the south i t -b e c ome s mor e 
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prominent and more l a yers of quartzite a re found on 

l ower horizons until on Tartibosch Fontein (05) they 

a ttain their best development and three; separa te l a yers 

are found (Visser 1958). The l aye rs vary in thickness 

from place to place; on Middolpl~ats 0.6 the lowermost 

l aye r measures 2 5 feet in thickness. Still farther 

south the layers gra dually decrease in thickness, but 

two prominent bands are ~gain developed towards the 

southern border of t he Griquatown a r eCl . The se two bands 

c a n b e traced f or many miles into the Southern Region . 

The tot a l thickness of the Jasper substage in the Gri­

quatown area is given as 1,000 feet (Visser, 1958, p. 15). 

This is considerably more than it s thickness in the 

environment of Danielskuil. 

It should furthe r be pointed out that bccE'vUSo of the 

gene r:-3,1 increase in the number of intercalations of j as­

pe r in the Banded Ironstone Substage towg,rds the south 

of the Griquatown a r ea a nd in the Southern Region thi s 

substage c an hardly b8 distinguished from the overlyin,g 

Jasper Substage. Wha t has been regClrde d up to the pre­

s e nt as the Banded Ironstone Substage in the SOt'.. thern 

Region cle a rly comprises both the Banded Ironstone 

Substage and the Jasper Subst8.ge which form t wo separa t e 

distinguishable zones in the Northern Region and which 

are separate d from each other by tbe Ma in Marker in the 

latter region. 

(c) The Vertical Distribution of Crocidolite-bearing 

Zones 

In the northern p ortion of the Griquatovm aroa, in 

the environment of Jacobsfontein 501 (N6), crocidolite­

bearing z o nes are restricted to stratigraphical positions 

immediately above a nd below the Ma in Mark8r 1 respectively, 

a nd at some 80 to 100 feet above the Dolomite. Pros~ 

pecting for croc idolite on J a coosfontein 501 took place 

at a number of places on poor outcrops of crocidolite 

seams above and below the Main M[lrker. In one of these 

old workings only one fibre-se a m, measuring from a i 
to l an inch in width1 could be observed a long the First 

Lowe r Asbestos Zone . Farther south on LeeuwVilei 553 

(N6) this zone is better developed a s is reve a led by a 

large number of crocidolite seams in the old workings. 

However, recent drilling at the latter locality has 

so far n ot prov ed a dep osit of economic signific an ce. 
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The best development of fibre i s seen on Hopefield 

Ml15 ( N6) ~ about 14 mile s n or th of Griquatown. Here 

the re a r e thr ee se p~rate r eefs at a b out 1 5 to 20 f eet 

inte rva ls? wh ich a re found from ab out 80 to 1 30 fee t 

above the mass iv e Dol omi te . This st ratigra phic a l position 

corre sponds with that of the Seventh Low·er Zone in the 

a re a t o the n orth and its c onst a n t pre sence ove r many 

miles to the north ind i c a tes that th i s f i bre zone i s 

the most persistent of a ll fibre zones. 

The a SlJ8sto s deposit on Hopefield IvIl15 i s associ ated 

with a brachyanticline 1 trending north-south, the axi s 

of whi ch pitches to the n orth . A l arge number of n a rrow, 

tight anticlines and sync lines with axes par a lle l to 

t hat of the majo r s tructur e lS pr e s ent a n d thc;y a r e 

invari ab ly ove rfo ld e d to the east . The weste rn limbs 

of the narrow anticlina l folds d ip at angl es of a pproxi­

mately 4 5 degr ees t o the west whe re as the easte rn limbs 

dip at angles exc eeding 55 degrees. Duplication of the 

depos it is cause d by f aulting. 

Within the a re a of l oc a l intensifica t i on of f o l d ing 

the r e is generally a stncmge r c oncent r a tion of asbestos 

fibre than in the l e ss folded portion of the brachY2mt:i~ <._ 

c line . As a rule the fibre attains its maximum develop­

ment and g re ates t l ength in the crests of the narrow 

ant iclines and in the troughs of the synclines. Indivi­

dua l s eams of fibre in these small fo l ds di sp l a y a pr o­

nounced p inch-a nd-swe ll structure~ a sin g l e seam ab out 

li inc hes wide c ommonly thins out to less than i of an 

inch and may eve n pinc h out complet 21 y over r e l at ive l y 

short d istance s , measured in inches, a long strike. Man y 

of the tight folds in thi s l oc a lity a re intimate ly 

as s ocia t ed with the faulting, which would t ern to indicate 

that fibre fo rmat i on took place we ll after the consolida ­

tion of the host-rock or that fibre f orma tion took place 

at mor e than one peri od . 

South of Hopefi e ld (N 6) pr ospe ct ing for crocidolite 

t oo k plac e on Duitseput 53 (N 5), Durandt se P a n 55 (0 5) 

a nd the ad j o ining portion of t he Griquatown Townlands. 

All of these occurre nc es arc; r estric ted t o one asbestos­

bearing z one only, which, judge d by the composit i on of 

the hos t-rock~ repre sents the Fourth Upr,e r Zone of the 

Kuruman a r ea . The charA.cte ristic marker-beds 9 i.e. the 

Magnetite-chert and tho Potsherd Marker which a re 

re spe ctively as so c iated vvi th the Third and the Fourth 
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Upper Zones in the Kuruman a r ea a re not represented in 

the immediate vicinity of Griqu a tovm; the P otsherd Marker 

was n ot tra c e d f a rthe r south tha n Clift on 468 (M2) whic h 

is loc ate d n e a r the northern b ound a ry of the Griquatown 

a r ea . Owing t o the abse nce of these Markers the a ctua l 

stra tigr'1phic a l pas i t ion of t he asbe stos -bearing zone 

i mme diately north and west of Griquatown, found on the 

f a rms me ntioned above , cannot be d e termined a ccurately sn d 

de finit e correlat i on with the asbest os- bearing zones of 

the Kururnan a re a is the ref or e n o t pos sible. However, 

seqms of ma s s ive , hard, blue amphibol e are constantly 

associated with the asbestos seams a l ong this zone, a nd 

point to the p oss ibil i t y that this zone r epre sents th~ 

Fourth Upper or uppermost de v e l opme nt of fibre in the 

Lowe r GriQuatown Bed s of the Northern Region . 

The maximum number of fibre seams ob s e rved in t h is 

z one is f our. Of these s eams only the uppermost c ont a ins 

fibre exceeding i inch in l e ngth. The f our seams which 

a re e xpose d in old excavations on the Griqua t own Tovvnlands 9 

west-north -west of the town, a re distributed over a 

vertical width of a b out one fo ot . The uppermos t s eam 

varies in width fr om l ess than a quarter inch to ~. inch 

a nd is f ound s ix, nine and eleven inches r espe c t ive ly 

above thre e vt~ry thin seams 1 8.11 of which seldom exceed 13 
inch in width . All of these seams pinch out ab ruptly 

over short d i stanc es t o deve l op again on the same stra­

tigr'3..phical horizon. The scam s a re generally spaced the 

same dist8.nces apa r t . An old pr ospe c t ing shaft? about 

50 f ee t deep, r evealed no fibre seams within this dist a nc G 

below t h e four seams mentioned abov e . 

The seams of crocidolite at this l ocality is asso ­

ciated with a gentle monoclinal f old which trends 

n orth-south. Th e a ngle of dip increases from about 10 

degrees (regional dip) to 45 degrees over a s hort dis ­

t::mce perpendicular t o the st rike a ml the n r e v e rts to 

10 degrees again . The b 8st development of fj_bre is along 

the limb of the fold and towards the synclinal flexure 

whe r e the angle of dip r eturns to the normal region 8.1 

dip r; f approximat C'.' ly 10 degrees . Seams of mass ive 

riebcckite, up to abou t nine inches thick and oft en 

a lmos t c ompletely che rtifie d nc a r surface, a re associated 

wi th the fibre seams . 

Pro spe cting a l ong t he same crocidolit e - bearing zone 

t oo k plac e on P annetjie (05) s ou t h - wes t c f Griquatown . 
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At this locality two separate r ee fs 30 feet apart werD 

opened up at a few places . ThB lower reef conta ins only 

one seam vvhich v a rie s in width from .~ inch to a maximum 

observed width of li inches . The upper reef also contains 

only one seam which varies in width from ~ to about ~. 

inch . The development of these seams appe :::<..J' s tobe very 

sporadic and the chqnc es to find a pa yqble asbestos 

deposit a long this zone appears to be r emote . Like its 

counterpart to the immedi a te n o rth this zone is associ 'J.ted 

with several seams of massive blue riebcckite . Small­

sc a le prospe cting on the same tvvo reefs also took plE:tCe 

on Mervve hoop (Portion of Midde Ipla0. tS 1 05) and Dorada le 

(05), located south of Pannetjie, but without any success. 

In the southernmost portion of the area quite l a rge -· 

sC '3-1e mining of crocidoli te took plD.ce on Elandsfontein . 

(p5) . Several re e fs were opened up a nd extensive mining 

took place on some five different re e fs . This asbestos ­

bearing zone is correla ted \"1i th the Intermediate Asbestos 

Zone of the Southern Region discussed on p . 115 . The 

number of reefs in this particular asbestos zone varie s 

much from one loc a lity to another . 

From the distribution a nd the qua lity of the asbes­

t o s - bearing zones in the entire Griquatown area it 

a ppears unlikely that a ny large crocidolite deposit will 

be found in it. As pointed out (p . 92 - 94 ), deposits of 

crocidolite are found only in four separate zones v i z . 

the Seventh Lower ( app rox . 80 - 100 feet above the Dolomite), 

the First Lower, Second Upper a nd possibly the Fourth 

Upper . The latter zone is tent a tively corre lated with 

the Int ermediate Zone of the Southern Region . Of these 

zones only the Seventh Lower appears to bo ca.pab le of 

producing signi ficant deposits of crocidolite within 

local areas of structural disturbance . Owing to faulting 

and the gradual thickening of the banded ironstone su c ­

cession to the south this zone will be comparatively 

deep below surface in the a re a at and south of Griquatown. 

The lack of outcrops of promising fibre deposits in the 

Griquatown :J.rea has so f a r rotarded the exploitation of 

the mine ral in this area . Future prospecting should be 

based on detailed m?'pping of localised areas in which 

favourable structural features c an be observod . Even if 

such areas could be found it is still doubtful whether 

deposits of payable fibre would be intersected on any 

other horizon than in the lowormost asbestos - bearing zone. 

This zone would prob c1.b ly 'OC so deep below surfa ce that 1 

a t tho ruling prices of crocidolite, only very high­
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grade:') deposits, if any, INoulc1 lend themselves to economic 

exploitation . 

As a whole the Griquatovm a r ea aPl-l8 ars to be very 

unpromising as far as the finding of new and large deposi ts 

of fibre a re concerned. 

C. The Southern Regi on 

The Southern Region comprises outcrops of banded 

ironstone and associated rock-types from about 15 miles 

south of Griquatown to beyond Prieska in the south and 

Koegas in the west. In this section the outcrops forming 

the Matsap Hills along th8 w8st8rn limb of the Ongeluk­

Witwater Syncline will also be discussed. 

The constituent rocks of the Lowe r GriCluatown St -lge 

display a remarkable faci8s change from south of Griqua­

tovm towards Prie ska and Koe gas and the thickn8 ss of 

this stage increases considerab ly. In the field no 

d istinct ion be twe c~n sepQri1.te B;mded Ironstone i1.nd J aspe r 

Substage is possible over the greater portion of the 

region j a nd all the highly ferruginous a nd siliceous 

rocks a r e a ccorclingly grouped with the Banded Ironstone 

SUbstage . The siliceous "muo stones il Vvhich are present 

in the upper portion of the Lovver Griquatown Stage in 

the vicinity of Griquatovm D.lso increase consid erably in 

thickness towards t he sOll.th, whilfc: slaty rocks, quartzite 

a nd dolomitic limestone constitute prominent layers. 

Leube (1964) mapped an :=lrc a a round KO G gas in the 

south--west and included the Banded Irons t one Substage in 

thc: :Dolomite Series. He draiNs the line of subdivision 

betwe ::n the :Dolomite a na overlying Pretoria Series at t he 

base of a cherty or j a spory l a yer which immediately 

succeeds the Westerberg Beds a nd which und e rlies slate 

in which separate? almost pure 1 riebecki tc layers arc 

prese nt in profusion. 

The subdivision of the :Dolomito and the Pretori3. 

Series in the Southern Region as suggested by Leube (1964) 
is given in Table 10. 

Leube (1964) reports that the Pretoria Series as 

subaivideO. in Table 10, follows conformably on the B~1ndec1 

Ironstone St8.ge i"1ncl its base is ch,o. racterise cl by da rk­

brown :::md r e d j aSf€ r or highly siliceous sha le. The 

author notes that the d;:lrk- brown jasper is well bedded, 
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Ta ble 10. - Subdivision of TIolomite and Pretor i a 

Seri Js in the Southern Re g ion 

(After Leube, 1964) 

Thickness I LFiv'3. Zonein Feet 


- l30 Tillite Horiz on ( 30 ft.)
I 
Tillit e Zone 

Limc) stone Horizon ( 80 ft.) 

800-1000 UPI)er Groen Shale Zone 

250- 300 Upper Black Shale Zone 

Conglomerate and Upper 
Asbestos Zone 

90- 200 Lower Green Shale Zone 

350- 400 Lower Black Sheile Zone 

50- 150 J aspor ZoneI
I 

I 

I 
I 
I 
I 

m 
(j) I.r-: I 
f:- ~ I(j) 

U) 

m I 
·rl I}:..! 
0 
-P I 
ill I 
H I 

P-: I 

I
I Upper BRnded Ironstone Stage 

? TIi'J.b a sc Sill (j) 

-P U) 

'H illLov-Ier Brmded Ironstone Stagc'; S'H2,000 

40- 70 ITransit i on- shal e 0(1) 

o )4 
,I (j) 

HITIolomite Stage 

but the banded struc ture is missing altogether and can 

only be distinguished under the microsoope. He notes 

further the c omplete lack of ":lny interbedded b a nds of 

ma gne tite anc1 the concomi-t<ant, abrupt disappe!Olrance of 

magnetic properties, so characteristic of the underlying 

banded ironstone. 

The change in the lithological and the physical 

(magnetic) cha racteristics of his Jasper Zone which 

succeeds the Weste rberg Beds apfB 3.rs to be the chief 

criterion on which Loube based this subdivision betwe c n 

the TIolomite and the Pretoria Series. However, he a ls o 

pointed out th!'J.t the J aspe r Zone which att '-l ins a thickness 

of about 150 feet on Koegas (Q2) and 'Neste r berg (Q2) is 

completely absent in other l ocalities so that the succ ee ­

d ing liLo\l"er Black Shale Zone" (Ric beckit e Sl ate) foll ovvs 

immediately above the b a nded ironstone. lIe is accorc1ingly 

of opinion that the Jasper Zone was eroded away prior 

to the deposit ion of the:; ;ILovver Black Shale Zone II or 

that the black shales n ::present a f a cies change of t he.; 

jasper in places . 
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Both Cillicrs (1961) and Leube (1964) proposed 

a slightly diffe rent subdivision for the lithological 

rock-types wh ich constitute the Dolomite Series and the 

Lovver Griquatown Stage in this area . The n omenclature 

usec1 by the two 8uthors f o r the same rock-type is 

different in certa in localities and the thicknesses f or 

individual lithologic a l zones a r e a lso different in 

some c ases . The subd ivisions used by them are shown in 

Tab l e s 10 a nd 11 . 

Table 11. - The Subdivision of' the Lower Griquatown 

Stg.ge (Afte r Cilliers 1961) 

Thickness Ongeluk Volc a nic sin Feet 

_ -+-_T....:;lz__5_~__-t-___________ _ ';;..1~nl~e]_.._t_e_ I'::O ( +' rJ) 11I Tillite Bed s I 
1300 lupper Mudstone Beds I I I 

300 !uppe r Shale Beds I I' I, 
20 Chert l a yer with MudstoneIII

I Upper Asbes tos I Zone I I 
Horizon I 

400 Lovver Mudstone BedsI 	 I I 
II

500 ILower Shale Beds 	 w 
I 	 ~ --3-0- ve-s-t- r~berg Be c3. s 	 ~0---II-v- e- wi t t, I 

I 'Westerberg Asbesto~ I e/) 

' H . 	 II orlzon I 

4-00 tU ppe r Banded Ironstone 


I Be ds with Pr i e s - I 

J3anded I
D~:~::eH~:~~cm300 I r on:3tone I 

1300 ILower B~J,nded Iron- I 

II 

Zone I 

ston G Be (Is with i 

I ntermed i a te AsbG s -I 

t os Horizon and II 
 IBasal Asbestos 

Horizon 


Whi t e Shale 	 Transi..;., 
ti on 
zone 

50 

In Table 12 the present writer gives a subdiv i sion 

of the Lower Griqua town Stage based on the observat i ons 

of the previous authors a nd. from detailed measurements 

a nd observations c a rriod 0Ut by t he writer in the fie l d 

a nd in t ho l aborat ory . 
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Table 12. - Suggested Subdivision of the Lower 

Griguatown Stage in the Southern Region 

Thickness 
in Feet 

.~ 

Ongeluk Lava I 
<!.l 

l<!.llt<DTillite-limestone90 .H->P cDand Jasper Zone 'r1-r-l :j.p
E-i ,...-I(/) (/) 

'-'"F7-;m1200 Quartz-Chlorite fe ls ! I<!.lp~ 
r~Zone <!.lI ~a~Riebeckite Slai:e Zone300 . E--1'r-!

30 Jasper Zone and U)Hassociated UpperI t) ~<!.lAsbestos Reef I ~ 
rl crI U)(/)300 Quartz-Chloritefels 

Zone I ~~t;rd.pp500 Riebeckite Slate Zone , .r-! crI :3 , HcD~S:0lWeste rberg Beds and300-400 
~.r-!associated Wester­
<11Hberg Asbestos Zone 

0 >­
I400-500 Upper Banded Iron- if).ps:! 
01stone Beds z<!.lHP300-600 Diabase Sill (Im- H:j(J) 

(/)Q(J ~Hpersistent) 
rd cD 
(J)Q).p p.; c:r:2300 Lower Banded, Iron­
rds:!mstone Beds and E--1 

associated Lower 

Asbestos Zone I~~ 


300-400 Transition-zone 
I olomi teDolomite, Limestone a nd Chert Series 

.._-­

1. The Transition-zone 

A shale band which reaches a maximum observed thick­

ness of 400 feet on Buisvlei (R3) and Orange View (R3) 

follows conformably upon the Dolomite. The shale band 

is found consistently below the banded ironstone through­

out the entire P:_ieska-Koegas area, but is not exposed 

north of Prie ska towards Griquatown. The s~ale varie s 

in colour from white to grey or grey-green and occ asional­

ly contains pink to reddish intercalations. 

In many exposures of the shale irregular streaks paral­

lel as well as inclined to the bedding display light-

to dark-red colours due to staining by iron oxide derived 

from the overlying banded ironstone. The shale is very 

thinly laminated and commonly shows strong slaty cleavage. 

The slaty cleavage is not a lways parallel to the bedding 

but is o~ten slightly inclined to it in places. 

Cilliers (1961, p. 32) noted that the shale bed !" d~ ; 
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a thickness of only 50 feet where e s Leube (1964 j p. 24) 

recorded a thickness r2.nging from 4-0 to 70 feet. These 

figures appear to be on the conservative side . Recon­

naissance work in the Prieska and Koegas areas and de ­

t~iled measurements c a rried out on the farms Buisvlei (R3) 
and Orange View (R3) showed that the avero.ge thickness 

of the shale is in excess of 300 foet. 

Tho contact between the shale and the underlying 

Dolomite is characterised by the frequent occurrence of 

thin intercalations of shale in the u ppermost portion of 

the Dolomite. The intercalations of shale gradually in­

crease in number and in thicknes .s until shale is the 

dominant rock-type j with intercalations of dolomite . The 

dolomite bands gradually fade out upwards qnd shale be­

c ome s the dominant rock-type,; in this zone. In place s the 

shale also contains thin intercalations of chert or jasper 

and even int e rcalations of well-bedded, banded ironstone. 

The contact between the shale a nd the b a nded iron­

stone disp l ays a similar gradation . Several intercalations 

of chert and banded ironstone are found towards the top 

of the shale~ ever increasing in number and in thickness 

as the bqnded ironstone proper is approached . At the 

very base of the banded ironstone thin intcorc a lations of 

shale are closely d i stributed over a rela tively small 

thickness. A detailed section from above the main Dolo­

mi te to the B:mded Ironstone Substage as measured on 

Orange View (R3) is shown in Table 13. 

Table 13. - The Transition-zone on Or8..nge View 

Buisvlei A:3bestos Ref~ f -- 6 feet 

Banded Ironstone == 4-85 fcost 

Green-yellow Shale == 410 feet 

Banded Ironstone == 11 feet 

Dolomitic Limestone == 36 feet 

Blue Chert - 7 feet 

Dolomitic Limestone == 13 feet 

Banded ironstone and thin 
intercalations of blue 
chert and dolomitic 
limestone ( 2 inches and 
less) == 4­ feet 

Massive Dolomite 
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At the locality where the contact relations shown in 

Table 13 were measured the contact between shale and 

banned ironstone is sharp, with no interoalations of sha l e 

in the b::1nded ironstone or vice versa. On Buisvlei (R3) , 

located a few miles south of Orange View seven thin 

intercalations of banded ironstone, measuring from ab ou t 

three inches to two feet were observed in the uppermost 

portion of the shalc, whereas a f ew thin intercalations 

of shale are prcsent in the basal portion of the bande d 

ironstone. 

The presence of intercalations of banded ironst one, 

jaspery chert a nd shale in the upper portion of the 

dolomite and again the pre sence of interca lations of 

shale in the basal portion of the banded ironstone- indi­

cate abrupt changes in the conditions of deposition. 

This is especially true with regard to the interc a l a tions 

of banded ironstone in dolomite which indic ates that pH 

c onditions in the basin of deposition must have chrmge c1 

from fairly alkaline to pronouncedly acid to c a use the 
intermitt e nt prec ipitation of the c arbonate minerals. 

2. The Banded Ironstone Substage 

The Ba nded Ironstone Subst ;:1ge of the Southern Region 

is the represent a tive of both the Banded Ironstone ("ln d the 

Jasper Substages of the Northern Region and attains a t h ic k ­
ness of about 3, 000 fee~ \ro 92, ProfjJe A-B). This :indicates a cops i­

derable increase in the thickness of this succession from 

n orth to south. This maximum thickness is . probab ly only 

attained in the Prieska-Koegas area. The thickness of 

this substage could not be measured between Prieska 

a nd Griquatown bec ause the contact between Dolom ite a n d 

Banded Ironstone is nowhere expos e d in thi s stretch of 

count ry. The contact is ch iefly obscured by a thick 

cover of TIwykas·hale and other recent deposits of wind ­

blown sand a nd surface rubble. 

In the area between Prieska and Koegas this substage 

is intruded by a diabase v a rying in thickness from about 

300 to 600 feet. This sill could be tra ced as far eas t 

as Kameelfont e in 338 (Q3) in which direction it gradually 

thins out and eventually disappears completely. Inter­

mittent outcrops of a diab a se sill arc found a lso a l on g a 

fault trending n orth-south on Kloof 143 ( P4) , Kame c lpoor t 

368 and Kromaa r 355 (Q4), northeast and south of Niekerk s-­

hoop. These outcrops appear to b e on the same stra ti­

graphical horizon a s those of the sill in the Prieska ­
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Koegas a r e a. 

The diab 8, s e sill i s generally c oncord a n t with rel3,­

tion to the banded ironst on e , but Le ubc (1964) pointed 

out that the sill transgresses upvvards in a number of 

plclCC s . 

The rocks c ompos ing the Banded Ironstone Substage 

a r e rema rkab ly uniform in cha r a cte r ove r a lmost the e ntire 

succession . Only towa rds the top of this stage a gradu a l 

lithologic a l c hange is appar e nt . 

Cillie rs (1961) h as divided the BMded Ironstone 

Substage into thr e e sul)d ivisions : ­

Wes te r berg Beos 

Upper Banded Ironstone Be ds 

Lowe r Banded Ironstone Beds 

The line of d ivision between the Lower and the Upper 

Beets is drawn abov e the; di ;3,base sj.ll r efe rred to earlier 

(p . 101) . '['his subdivision is therefore n ot based on 

lithologic a l grounds, but is merely done for practical 

purposes . There is, h owever, a gradual change in the 

composition a nd in the macroscopic appearilnce of the 

roc ks from well bel()1.~ the diabase sill. From the 1)as e 

of the B3nded Ironstone S11bst age to about 250 t o 300 

fe e t above the top of the Lower Asbestos Zone the; con­

stituent rocks a re c har acte ri sed by the frequent occur­

rence of thin intc"rcala tions and l a yers of ye llow- brown 

j a sper . The jaspe r beds displ~y poor a nd uneven bedding­

pla nes, have a c c nchoid~l fr a cture and a rc therefore 

very similar to the bed s of the Jasper Substage of the 

Northern Region . 

From well below the diabase sill the layers of 

jaspe ry rock a re found less freqw3ntly a n d the rocks 

a c qu ire a dark- brown to a lmost bl8,ck c o lour on weathe red 

surfaces . Bed ding bec omes pronounced throughout the 

entire success ion and the bed s even tend to become 

phyllitie in t e xture on cert a in stratigraphical horizons . 

Mi c r oscopic a l inves tigation shows that fre e silic a 

in the f orm of separate laminae of chert is less abunchlnt 

than in the lower portion of the Substa ge . The beds 

which f ollow above the diabas e sill are essentially the 

same as those immed i a tely underlying the s ill with the 

e xc epti on that che rt becomes even le ss c o n spicuou s 

highe r IIp in the succes sion with the r esult that they 

arc mor e susceptible:: to weathering. These c he r t -poor 

rocks which a ttain a thickness of s ome 100 to 900 fe e t 

 
 
 



-103­

displ a y distinct yellow colours on some weathered surfs cG s . 

3 . The Middelwater Substage 

(a) The \~rest8rberg Beds 

The uppermost 300 to 400 feet of the Ba nd ed Iron­

stone Substage as indic a ted on Folder 1 contain the Wos ­

t8rberg Asbestos Zone and r epresent the \!7es terberg Bec1s 

as subdivided by Cilliers (1961). 

The contact betw8en the Upp e r Banded Ironstone Bed s 

and the Weste rb e rg Beds which succeed it is gradational 

and is chara cterised by a gradual decrease in the amount 

of magnetite. In the b a nded ironstone magnetite is pre­

sent in separate laminae but in the Weste rberg Beds the 

magnetite is restricted to the asbe s tos-b earing zone s 

only ~ whe reas in the rest of the succession the mine r a l i f~ 

completely lacking or is prcse nt in accessory amount s 

only. The roc k which constitut e s the Westerberg Beds i s 

composed chiefly of a micro- to cryptocrystalline mass 

of needles of minnesotait e lI"hich form the matrix in whic L. 

irregular grains of riebeckite are distributed hap­

hazardly (HH204). In some pla ces the riebeckite t e nds 

to be concentrated within particular laminae. Microcrys ­

talline quartz is present in accessory amounts only and 

is dispersed throughout the ground-mass of minnesotaito. 

In places the rock displa ys perfect slaty cleavage~ 

but contains separate thin l a yers whic h h ave a particu18,r 

massive appearance . A thin section (HH209) cut from a 

bore -hole core from a depth of approximately 10 fe e t be­

low the lowermost (Second Outer) asbestos reef in the 

W stcrbcrg Asbestos Zone r e v eal e d peculiar radia l t ex­

tures in transparent light. Under crossed nicols the 

radia l textures b e come vague or a r e completoly oblite ­

rated. An X-ray ana lYSis of the rock reve a led the pre­

sence of amphibole (riebeckit e) , siderite, quartz and 

l~aolinite . According to its mineralogical composition 

and its structure the rock \Nhich compose s th8 Westerberg 

Beds could best be described as a minnesotaite slate. 

The minera logical composition, and the chemic a l compo s i ­

tion of the slate (Table 32 ~ Analysis I & II) differ 

from those of banded ironstone . This rock-type can t hers ­

fore not be grouped with the Banded Ironstone Substage as 

suggested by Cilliers (1961) and Leube (1964). It should 

r a ther be grouped with the succeedinf Riebeckite Slate 

Zone of the Midde lw2_ter Substage. 
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(b' Riebeckite Sla~ Zone 

As pointed out on p .95, Leube (1964-) re cognised a 

layer of jasper which succeeds the Westerberg Beds on 

Koe gas and We ste rberg. He regards this jasper ~s the rase 

of the Pretoria Series. Cilliers (1961) did not dis­

tinguish a jasper zone immediately above the Westerberg 

Beds, but mentioned (p. 4-7) a succession of approximately 

100 feet of shale which follows immediately above the 

asbestos-bearing strata (generally the lowermost 120 f eet 

of the Westerberg Beds) and which is somewhat more resis­

tant to weathering than the underlying strata . 

The present writer investig - ted numerous thin sec­

tions cut from bore-hole cores obtained from a bore-hole 

(W2) drilled on Vv'esterberg (Q2). The .,ore-hole comme nc ed 

about 500 feet above the uppermost asbestos reef (Inner ) 

in the We sterberg Asbe stos Zone but did not intersect c:;.1.1Y 

rock-type which qualifies as a jasper. The microscopical 

investigation showed that there is practically no change 

in the mineralogical composition of the rock which con­

stitutes the beds over at least 300 feet ab ove the top 

of the Westerberg Asbestos Zone. The rock remains l a r ge ­

ly composed of minnesotaite and riebeckite with acce ssory 

amounts of magnetite and quartz (nd179, 182). 

Riebeckite gradually becomes a more im}ortant con­

stituent of the rock until highe r up in the succession the 

mineral constitutes separate bands six a nd more inche s 

thick. The riebeckite is often accompanied by a second 

amphibole which displays almost the same pleochroism as 

riebeckite. 1'his second amphibol(3 has, however, po s i t ive 

elongation and an extinction angle of 28 degrees. These 

pro~rties indicate an affinity with katophorite. Owing 

to the fineness of the materia l and its intimate associa­

tion with the other constituents it could not be separated 

for positive determination (HH54-3). 

In specimens taken from surface exposures the rie­

beckite is accompanied by minnesotaite, stilpnomelane and 
chloritic material as well as dissemina ted cryst als of 

goethite and hematite; quartz i s indicated by X-ray 

analysis . On weathered surfaces the rock acquires a th i n 

black coating which lends an outstanding black colour to 

outcrop s of this zone. The l aye rs composed chie fly of 

massive riebeckite, are strongly resistant to weathe ring 
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compared vd th the interc a lated layers of minne sotai t o 1 

stilpnomelane and siderite, which weather quite easi l y , 

The re sul t is that oucrops of the riebeckite slate are 

generally poor and are usually covered with loose? flat 

slabs of the massive riebeckit e rock . 

The prese nc e of che rty or j aspe ry beds close ly a b ove 

the 'Heste r bc r g Buds could be a ttributed to secondary sili­

cificat ion or cherti f ic at ion in lo c a l a r eas . Exampl es of 

the re sults of those processes a re often fou nd in the 

field . Layers of massive rie b e ckite are s ometimes par tly 

or even completely silicified to form a yellow- brown or 

brown a nd blue? mottle d chert . Another exampl e of seC011­

dary silicification is supplied by the complete alte r at ion 

of the upper portion of the Tr ansit ion Shale (immediately 

below the; Banded Irons t one Sub stage) i nto a mul ticolouT,: C_ 

opal at c e rt a in loc a lities . The process of s ilicific :3,ti o ~1 

of this usua lly soft and friable shale is s o complete 

in pla ces that the rock is being mined as a semi ­

pre cious stone . 

On the a ccompanying map (Folder 1) the riebe ckit e 

slate zone i s shown to end ab rupt ly against a fault \[111 ~ r: 
trends north- west- south- eas t on Riet Vont e in 1 34 (P4 : . 

Outcrops to the eas t of this f ault are poor, but 2_ fe \, 

narrow seams of mas s ive riebeck i t e were observed in t bc 

otherwise sand- cove r ed flats? which indic a t e that the 

zone probably extends st ill farthe r to the n orth - east . 

Howe v e r? the r e i s little doubt that the rock s of this 

zone t hi n out r apidly in this dire c t ion. 

(b) Quar tz - chl oritefe l s Zone 

Following on the Riebeckite Slate Zone is a SUCC e : 

sion of greenish- coloured rocks which r esembles mud ston~ 

a nd which r eaches a t hickness of s ome 300 feet in the 

Koegas a r ea . 

The rock s of this zone a re very fine - grained a nd 

disI)lay no or only slight trace s of bedding . The yare 

composed chiefly of qua rtz? chlorite and s iderit e . 

A similar rock- type is found in the Kwakwas Sub stage 

immedia tely below the Tillite Substage . It was c Fl l lcd 

mudstone (C illie rs, 1961 ) and shale (Leube, 1 964·) by 

previous investigators . Thin sections of tq~ roc k - tYP2 

indicate that the chief constitue nts chlorit e a nd qu~rtz 

vary conside r ably in tra n sve rse profiles . Chlorit e i s 
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often the major mineral c onst itue nt, accompanied by 

ac cessory quartz and carbonate. On certa in stratigro.phi ­

cal horiz ons quartz b e c omes prominent a nd the rock is 

compose d of approximately equal a mounts of chlorit e and 

quartz. In othGr plac e s an increase in the amount of 

quartz l eads to the; presence of inte rcalations of chlo­

rite-bearing quartzite. The l ess siliceous variety i s 

tentatively referred to as quartz-chloritefels (HB 382). 

Although superficial deposits of wind-blown sand 

l a rgGly obscure outcrops of this zone towards the north­

east it appears as if this zone Githe r fades out r ap idly 

in that direc tion or me rges with the Quartz-chlorit efe l s 

Zone of the Kwa kwas Substage. The latte r appears to be 

most likely because the Ri ebe ckite Slat (; Zone of tho 

Kwakwas Substage thins ou t appreciably t o tho north a n d 

the east before it finally disappears underne ath a 

blanket of wind-blown sand. 

Leube (1964) p. 32 reports the pre sence of rippl e-· 

marks in I1shaly" varie t i es of this zone on Middelwa ter 

(Q3) and Kwakwas (P2 ) . 

(d ) Jaspery Banded Ironsto ne and associate~sbe.?"!Jc>:; 

Be ams . 

Immedi a t ely above th o Quartz-chl orit efe l s Zon e of 

the Middc lwa t er Substage is a l ayer, a few inches to s ome 

nine feot thick9 whic h in some places r esembles a c ong l o­

merate a nd in others a brecci a . Exposures of the l ayer 

commonly display a pitted surface whic h is due to holes 

of various s i ze s c aused by the removal of rounded and 

a ngular fragments. The r ock is similar to the zones of 

fragmental mater i a l found above a n d within the Main l\fIarkc~r 

of the Northern Region except for the greater degre e of 

roundness displayed b y the inc lu s i ons in it. The inclu­

s ions a r e c ompose d of chert a nd vary in s ize from mere 

fr agment s to l arge e l ongated bodies measuri ng u p t o five 

inches along their major axes . The proportiom of inclu ­

sions to the flinty ground-mass var ies c ons iderably. I n 

some exposure s the inclusions arc spo r ad ic a lly distrilJll.tcd 

whereas in other 8xpo sures the laye r carrie s a profusion 

of inclusions of comparatively l arge size, closely S-p'"" · 

a nd cemented by a minimum of ferruginous chert as bindinG 

material... The origin of thi s layer is probably s imilr.1,r t o 

that of the Main Marker .and the potshe rd Marker of the 

Northern Region. 

1'hc laye r is followed by beds of light-brown che rt 

or jasper which grade into b a nde d ironst one in place ~3 . 

It measur8S about 30 fC8t in thicl<::ness and c ont a ins t 1'1 
Unner Asbestos Zone. 
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4. The Kvvakw8.s Subst8.ge 

(a) Riebee-kite Sl:3.te Zone 

This zone succeeds the jasper confornnbly, althou g:.1 

the contact between thc~ two i s shnrp, .::md diffe rs only 

slightly from the rocks of the Ri cb eckite Slate Zone 

found in the Middelwate r Substage . The rock is less 

silic uous a nd morc~ ops que mine ral s , chiefly goethi to 

and hematite in weathere d materia l, make their appe ar~~cc . 

The thickness of thi s zone in the western portion of the 

Souther n Region is of tho order of 300 fe2t, but it 

thins out t owards the east and the north until i t appal~cnt-

1y pinches out on Hoo gansi 331 (Q3 ) where l a r ge areas a~e 

completely covered with wind-b lown sand. 

(b) Quartz-chloritefcls Zone 

The rocks of the Hiebeckite Slate Zone gr a dually 

make way for a thick succ e ssion of roc ks very similar 

to tha t of th(~ Qua.rtz-chlori tefc ls Zone INhiah belongs 

to the Middclwate r Sub stage . Angular fragment s of crLla:r -t;~ 

and clast ic fold sp ar, showing polysynthe t ic t 1Ninning, 

are lJresent in thG rocks of this zone . The fragrQent ~3 

8.r G embedde d in a matri x compos ed of chlorite 8.nd C2"r-­

bona t e . Flake s of biotite a re present in s ome thin 

s ect ions (HH~e3 -387). 

This zone re aches a t h icknes s of from BOO to 1 ,000 

fe e t in the Koe gas-Pri e Sk:::l a rc a (Leube , 1964) , "out i n--­

cre a ses in thickness to the north and the east where 

on the f:C} rm s Kruispad 1 35 , Ps.n 1 24 cl,nd Vaa lvvater 123 

(Folde r lj P4) t he mi nimum thickness i s in the ordGr 

of 1200 feet. 

An important feature of th is zone is the inc r ease 

in silica- and iron-content towa rd s it s top. This fe a ture 

i s espec i a lly well displayed in the a re a north of Kwakwas 

31B a nd Pa8.rdevlei 151 (P 2) along the we stern l imb of t he 

Abrams Dam syncline and toward s Kame 81fonto in 33B (QJ) 

a nd Diepfontein 141 (p3) loc a ted on t he easte rn 11mb 

of the Ab r ams Dam s yncline. Clastic ql.wrt z and felnspar 

be c ome 8.bund ant towa rds the top of this zone whe re some 

l a ye rs displa y a s a ndy char8.cte r in plac es and the 

degre ~ of s ilic ifi c8.tion v a r ies appreciably even 

within loc ali se d a r eas . 

In the western portion of the a r ea , Leube (1964) 

r e ports the presence of inte rc 8.1a ted beds of shale I ar­

gillaceous quartzite, chert and an intrs.form3,tiona l con­
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glomerqte in this zone . He also noted the abundanc e 

of c n lc a reou 8 components Gspec i a lly in the gre eni s h 

coloured "mudstones" and "8h8.les"; thin laminae of 

dolomite '-lnd calcite a lternslte with fine -grained clas c.; =· 

b;1.nds composed of tiny rmgu_la r to subangllla r grq ins of 

quart z which frequ ently show seconda ry growth. Feldspar 1 

prob ably albite ~lnc1 whi tc mica sc ~ompany the Quartz . 

A layer of i mpu re Qua rtzite is intercal a.t e d with 

the chlorit ic rocks in the area north and north-e ast 

of Ni eke rkshoop (HH545, 546) . In the l atter a r eas t~l_e 

l ayors of Quartzite a re found in the upper I)Or tion of 

the zone. Two separate l a yers, the uppermost of whic h iQ 

the most conspicuous , outcrop intermittently on the 

f a rm s Kruispad 135 (P4) 1 PRn 12f\- (P4), Dflm 125 (P4), 

Dunmore 131 (P5)? Punt 128 (P5), a nd Kievietskloof 15 (~5) , 

'rhey e xtend into t he Gri Quatown a rea as clecribed on 

p . 92.. On Dunmore 131 (p5) the two layers are found 

about 100 to 200 fc~ot below the top a nd a t the top of 

the Zone r espect ively . Cross-bedding was observed in 

the lower l a yer. Spa cimens of impure Quartzite from 

outcrops are composed of grains of clastic quart z 

a ccompanied by p l agioclase f e ldspar (albit e?) hematL" 

8.nd goethi te and interst i t i a l chloritic mate rial . Flakc~ 

of biotite a r e 8.180 prese nt. (HH545, 546). 

The rocks belonging to the Quartz-chloritefels 

Zone of the Kwakwa8 Substage extend into the Griquat own 

aroa whe re they immedi ately succeed the Jas pe r Subst~'J,gc 

of the Northern a r ea . At the samo time this Zone de-­

creases considerably in thickness ( Folder 1 )0 

The western limb of the Ongeluk- Witwater Syncline 

r epresented by the Matsap Hills i s l arge l y fo rmed by 

rocks belonging to this Quartz-c hlor i tefels Zone of 

the Kvva kwa s Sub stage . Viss2r (1956, p. 16) noted th a t 

rocks essentially simila r to the well-bedded "mudstones " 

and fine-grained f e rrug inou s quartzite s that a r e found 

tovva rds the top of the J asper Substage in the southern 

e xtromity of the GriQuD,t own area , arc~ found in the l'iIat s;;;;,p 

Hills. The Matsap Hills r ep r e sent a 101.11 brachY2, :::lt..:. _<_~· 

which plunges gently towards the north wi th the r esult 

that only the uppermost portion of the Quartz-ehlorite­

fe Is Zone outcrops in this a re a . J aspe ry beds a re 0,ls o 

found in the Matsap Hills and could be e i ther part of 

the Jasper Substage or they may r epr esent the UIJpe r most 

siliceous b eds of the ehloritefels which become siliceous 
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and ferruginous northward s to such 3,n e xtent that they 

r esemble j aspe; r in many pl2.c es . 

In the Matsap Hills seams of da rk-blue massive 

amphibole arc found near the t op of the jaspery a nd 

silic e ous bods a n d in some pl a c e s crocido l ite is asso ­

ci8.t ed wi th these seams . 

5. The Tillite Zone 

This Zone c ~n b e subdivided into Limestone -j a s pe r 

Beds a nd Tillite Be d s . 

(a) Limestone a n d J aspe r Beds 

In the Koegas a r ea ~ discontinuous l a ye r of lime ­

stone immed i ate ly succ ee ds the Kwakwas Substage . The 

limestone r eac hes a maximum thickness of 150 f ee t on 

the f a r m Koegasputs 325 (Q2) and an av e r a go thickness 

of 80 fe et on Kwakwas 318 (P2) and the imme d iate ly sur­

rounding f a r ms (Leube, 19 64) . Thin interc a l at ions of 

che rt a r e found sporadic a lly within the limesto n e . 

Leube (1964) a lso report e d thr ee beds of tillite, eE\,ch 

of them up to 10 feet thick, which a r e i nterc a l ated in 

the limest one on Swart P a n 329 (Q2) . Apart from t hese 

interca l at ions of t illite he 81so not ed the spor ad ic 

occurre nc e of yebbles in the limestone on the northern 

portion of the smne f a rm . StrcmQt oli t es up to 10 inches 

long are r oport ed ::.:Ll ong the Dedd ing pl,'l,n e s in the uppe r 

po r tion of the limestone about 10 feet b e low the con­

t ,l,Ct with trw overlying tillite (Leub e , 1 964 ). Towards 

t he north , 310ng t he f l rmks of the Abrcmls J)am syncline 

a nd a l ong the edges of the n a rrow southward e xt e nsi on 

of the Ongeluk- Witwater Syncline the l aye r of limestone; 

becomes l ess prominent . I n the l atte r a reas the Quar +.z ­

c h l or itefe ls Zone of the Kwakwas Substage cont C'l ins a 

c 8.1careous and s ilic e ous l aye r, 20 fe e t thick, near its 

top . Manga n ese st a ining is a common featur e in this 

l a ye r. This l a ye r i s succ ee ded by beds of g re e n qu artz­

c h loritefe ls whic h are a bout 50 f e8t thick. The s e beds 

a r e immed i a t e ly succ eeded by four sep~rate l a y e r s of 

c a lca r eous quart zit e , 10 to 20 feet thic k, eac h of v"hic h 

c on t q ins thin inte rca l at ions of limestone. These 

int e rc alation s a r e from 3 to 10 f ee t thick. 

The c a lc a r eous beds a r e succeeded ty poorly b edded 

j a s per whic h attain s a th ickness of 100 f eet in pac es . 
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This layer of jasper immediately underlies the Ongeluk 

Tillite. 

The thin intercalations of limestone in the Lime­

stone Beds gradually fade out to the north until short­

ly beyond Kama 158 (p3) the entire zone is occupied 

by blqck-coloured manganiferous jasper. Irregular 

yellowish spots of limestone in the jasper are fre­

quently seen but it becomes less conspicuous farther 

north. 

On Grassmend 336 (Q3), Koodoos Kop 159 (P3) and 

the surrounding farms this manganiferous jasper outcrops 

prominently along a narrow anticline and the underlying 

Kwakwas Subst8.ge only crops out along and near to the 

anticlinal axis. Where these rocks outcrop they are 

appreciably more siliceous than in the areas f a rthe r 

south. It would, therefore, appear as if the rocks 

in the upper portion of the Kwakwas Substage become 

gradua lly more siliceous towards the Matsap Hills . 

Towa rds the east, around the southe rn edge of 

the Ongeluk-Witwa ter Syncline, and along its eastern 

limb the Limestone Zone is not present and the prominent 

laye r of jasper which overlies it in the south and west 

has decreased consid c; rably in thickness. On Dunmore 131 
(p5) and adjacent f a rms the Kwakwas Substage is s6p-9I.atr:;:d 

from the Ongeluk Tillite by a thin layer of j a spe r 

measuring only about 10 to 15 fe e t in thickness. 

(b) Tillit e Beds 

In the Southern Reg ion the se beds h ave an aver ;c~go 

thickness of about 50 fcet 9 which is a lmost the same 

as in the Northern Region. LocallY9 however, as for 

example on Dam 125 (P4) the thickness increases to 

well over 100 feet. The tillite is, composed of dark­

coloured conglomeratic and/or gritty rocks. It de ­

composes quite rapidly with the result that outcrops 

are found sporadically along strike . The tillite 

commonly contains sma ll angular fragme nts of blui s h 

chert a nd brown jaspe r, enclosed in a reddish-~rown 

to black, gritty matrix. Occ as ional fr agments of dolo­

mitic limestone, grey quartzite and white vein-quartz 

are found. Striated pebbles are rare. 

On Dunmore 131 (p5) the t illite att;::l.ins a thickne BS 

of about 90 f ee t, and this includes a n intercala t::"on 

of quartzite which is about 10 to 15 feet thick. 'The 

quartzite is found some 30 feet above the base of the 
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tillite . 

The ch~racteristics of the tillite a r e generFll ly 

the sarre over the gr eate r part of the Southern Regi on, 

but Lcube (1964) distinguished b etween two type s in the 

Koegas a r ea, viz . a fino - gr a ined and a co a rs e - grained 

tillite . The coa r se - gra ined vn,riety cont a ins pebbl es 

r a nging from 0 . 5 to 6 inches in di ameter and is c eme n­

ted with fine - gr':dned mate ria l of which the gr a in-size 

varies from 0 . 05 to 0 . 20 inches . Pebbles Flnd fragments 

of che ri; make up about 90 per cent of the components 

and a r e acc ompani ed by pebbles and fr a gments of banded 

ironstone , quartzite and limestone distributed 

sporadic a lly. 

The fine - gr8.ined variety is l ess abundant . Where 

found it succeeds the co a rse-gra ined vari e ty, fo r 

e xample on Kwakwas 318 8.nd Klein Wi tberg 315 (P2) . 

In a few places the entire ti llit e zone i s built 

of the fine - gra ined type . Acco r ding to Leube (1964) 

t h i s va riety c onsi st s a lmost entirely of a n a rkose of 

greywac ke, and in places of quartzite . It is genera l ly 

intensely shear ed, eve n in a r eas of compa r a tive l y 

little t ectonic disturb ance. 

The i' ine - gr e.ined variety is c omposed of smG.ll 

fr8-gments of Quartz, f e ldspar, chert and other rock ­

types set in a fine - gr a ine d matrix . The fragments and 

gra ins measure u p toO . 5 inches in length and the l a r ­
ger ones are f l attened par allel to the dire ction of 

cleavage in the t illit e . The matrix cont a ins a f Flir 

amount of se ricit e and hematite and subordin.~te amounts 

of ma gnetite . 

6 . The Vertical Distribution of the Asbestos-

bearing Zones in the Southern Re gion 

Four separ ate zone s are di st inguished , viz.: ­

d ·. The Upper Asbestos Zone 


c .. The Westerberg Asb estos Zone 

b . The Interme diate Asbestos Zone 
a . The Lower Asbestos Zone 

The lovve rmost two zones a re restrict ed to the 

Banded Ironstone Sn-dstage,. the th-Lrd to the Weste rberg 

Beds 0.nd the Upper Zone i s found in a l ayer of ferru­

ginous j a spe r which is intercalated betwe ~ n the Middcl ­
'iil:.'3,ter Sub stage and the Kwa kvms Substage . 
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(a) The Lower Asbestos Zone 

Both Leube (1964) ~nd Cilliers (1961) r eported 

that the lowest c rocidolite seam in this Zone is found 

about 50 feet above the top of the T-ransit ion- zone 

or the ba se of the B ~nded Ironstone Substage, and tha t 

the Zone extends over a ve rtic <'l l thickne s s of 200 i' (-:; et . 

Bcth these figures :lre apparently conserv8, tive . 

The Lower Asbe stos Zone cont:3. ins a maximum of 

ten separ ate asb e stos r eefs and the only l oc a li ty whe re 

these reefs a re developed to such a dEgre e that al l 

of them could bo mined is on Klein Naau wte 3460 ])e­

tailed measur ement of the individual thickness and t he 

vertic a l distribution of the reefs a t the l a tter 

loc a lity shows tha t the re e fs a re distributed over a 

vertica l thickness of roc k of just over 300 fe c t. 

On Orange View (Q3) 1 directly oppo site the OraL;':: 

River from K18 in Na8.uwte 346 (Q3), both the base of 

the Banded Ironstone Substage and the No . 8 or Buis­

vlei Reef are well exposcd . A survey carried out at 

this loc a lity proved that the lowermost asb ostos ree f 

in this Zone is not l e ss than 300 feet above tho b El se 

of the Banded Ironstone Sub stage. The Transition-

zone, undcrlying the banded ironstone, r eache s a 

thickness of 400 feet a t this l oc a lity so that the 

lowest reef in the Lowe r Asbestos Zone is found full y 

700 f eet above the top of the ])olomite. The INi d the 

a nd the vertic a l distribution of the reefs of the 

Lovver Asbe st 0 s Zone a r e shown in Table 14. 

The Lower Asbestos Zone corresponds roughly to 

those asbestos -bearing zones of the No r the rn Region 

which are found below the M~in Marker . Owing to the 

thick succession of shale between the TIolomite and 

the Banded Iro nstone Substage in the Southern Region 

c omp'3.r (~d vdth the Nor the rn Rcgion ;"3.nd the complete 

i-l.b sence of a marke r-b ed which may be correlqte d with 

the Ma in Marke r, no dire c t corre l a tion between the 

asbestos - bearing zones of the two regions is possible . 

The Lower Asbestos- bearing Zone crops out on 

severa l farms within a radius of s ome 16 mi l es f r om 

Prieska . North of the Orange River, in the vicinity 

of Koegn.s, this zone crops out a long the ])oring"berg 

f ault-sc a r p on Schalksdrift 322 ( Q2), Pypwater 321, 
Leelykstaat 320 and Stilve rlaat 314 (P2) . 
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Table 14 . - The distribution of asbestos reefs in 

the Lower Asbestos Zone on Klein Naauwte 346 

and Erfrus (Ptn . Na,c}'uwtc 339)! I-lay Distr i ct) 

Southern Region 

I'Iidth of 

No. of 
reef 

NaITo of 
re ef 

Vl idth 
in 

Fee t 

no ..rren 
roc k be ­
t'·Neen 
reefs in 

Rema rks 

]'8Ct 

10 

9 
8 

7 

6 
h 
./ 

4 

3 

2 

1 

Sinai Re ef 

Reef X 
Buisvlei Reef 

Kliphuis Reef 

i'Bloub and" Reef 

Gre e f Reef 

"Bloutonnc 1 " 
Reef 

"Bl orn i/ Re e f 

"Waband " ( a lso 
"Karband " ) 
Reef 

"Piet Bok" Reef 

3. 5 

4. 0 
5 . 0 

4. 0 

4.0 

6 . 0 

5 . 0 

3. 0 

6. 5 

4- . 0 

61 

61 
68 

6 

8 
26 

5 

8 

20 

312 

400 

Bands of Tn2cssive 
blue rie b8c k- ­
i te immediate-­
ly a bove 3nCi 
below reef. 

Tuffaceous b'-me. 
( one to tvvo 
feet thick) 
along foot - w::lll 
of reeL 

Tuffaceous b ~lnd i 
6 to 12 inches 
thick! along 
hanging wal l 
of r eef. 

Tuffaceous b ') nd 
6 to 1 2 incho 8 

thick) along 
foot - wall of 
reef . 

Tuffaceous b a nd, 
one to t1;VO 
inches thick, 
along h a nging 
wal l of reef , 

Ba n ded ironstone 
below No . 1 
Reef . 

Transition- zone 
be l ow 
BJ.ndod Iron­
stono 

Dolomite below 
Sha le . 
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In the area immedia tely around Prieska the most 

promising crocidolite deposits in this zone are locate d 

on Glen Allen (R3) 1 Buisvle i (R3) 1 Klein NRauwte 346 ( Q3) , 

Erfrus (Ptn. of ~hLauwte 339) ( Q3) 1 Kliphuis 359 (R3) 1 

Wilgeboomsdam 348 (R3), Stofbakkies 360 (R4) a nd at Ca irn 

Brae (Keikams Poort ) (S4). At present the Glen Allen 

deposit is the only one being minedj mining a t the other 

centres was suspended ovving to the depletion of the 

deposits or owing to poor marketing conditions. 

Exc ept for Klein Naauwt e 346 (Q3) where all of the 

ten re efs in the Lower Zone have been explored to some 

extent, only a fcvv comd often only one of the reefs 

cont9 ins workable concentrat ions of fibre at the other 

localities mentioned above. Small-scale mining and pros­

pecting in this zone were also c a rried out on Ora nge 

View ( Q3) , Kranzfontein (R4), Asbestos Reefs (S4) (Ptn. 

Keikams Poart) a nd Prieska Poort (S]), but the result s 

were not promising. The Lower Asbestos Zone is charac­

terized by its e xtreme patchiness with rega rd to the 

developme nt of economic deposits of crocidolitc. 

Cilliers (1961, p. 41), who visited several of the 

mines loc a ted on the Lower Zone while they were: still in 

operation, reported that fibre in payable quantities is 

developed only in small a re as which are roughly circul:n ' 

or elliptic a l in outline, and which seldom exceed 

1000 f eet in diameter or along their major axes. Such 

a reas of greater concentration of fibre in a r eef a re 

referred t o as "pockets". 

The Gle n Allen Mine, at present the only operating 

mine loc ate d on the Lower Zone, is found in a basin j 

trending north-south. The distribution of the re e fs in 

this mine is given in T~ble 15. 

If the thickness of each reef and that of the 

waste partings in betwe:::n them a re compa red with those 

on Klein Naauwte (Table 14) it is clear that correln.tion 

oecomes exceedingly difficult. 
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Table .15. - :Distribution of a sbesto s reefs in 

Glen Allen Mine, Pr ieska Distric t 

Wa ste 
Parting Ree f 
(Fe e t) 

15 

6 

4 

6 

40 

[+0 

Upper Hanging 
wall 

Hanging-wall 
M::l in 

Foot-wall 

\.. 

Outer No . 1 

Outer Reef No . 
lA 

Outer No .. 2 

Outer No. 3 

Reef 
Width 

(Inchos) 

12 

96-120 

48-60 

48-60 

1 2 

30-36 
60 - 96 

Remarks 

Actually two r e efs wi th 
only 18 inches of 
waste parting 

Patchy, black tuffa­
ceous ma rke r-b and .'J.t 
a:pproxima t e l y 4-8 
inche s above h :J.nging­
wall of re8f 

Fib r e develo pment go od . 
Ba nd of ha rd blue 

. riebeckite (+48") 
i mmedi a tely above re ef 

Only one to thre e 
seams, never workabl e 

Very patchy 

Very patchy 

(b) The Inte r media te Asb e stos Zone 

This zone is found appr oxima te ly 1300 feet ab ove 

the top of the Lower Asoec'ltos Zone and aoout 400 feet 

oelow a thick dh'\.o as (~ sill which is intrusive in the 

Ba nded I r onstone Suostage . On Orange View, loc a ted 

north-west of Prie ska , this zone includes seven 

r e (;; fs distriouted ove r a vertiu11 thickness of aoout 

125 feet . (Table 1 6) . 

Mining on the Intermediate Asoestos Zone has be e n 

carried out in the past on Geduld (R3), Orange View ( Q3), 

Erfrus (Ptn~ Naauwte 339 , Q3), Naauwte 339 (Q3), 
Rooipan (Ptn . Kameelfontein 338)(Q3), Kameelfont e in 338 

(Q3), Blaamvputs 340 (Q3), Roo i s a nd 345 (Q3), Bl aauwbo;,ch 

Poort 349 (Q4), Sandfontein 356 (Q4), K8.me e l Poort 368 

(Q4) , Kloof 1 4-3 (P4), Na 8.uw Poort 144 (P4), Blaauwoosch 

Kuile 380 (P4) , Kaffi r Krants 379 ( Q4), Klipfontein 381 

(Q5) and Elandsfontein 395 (p5) . These f a r ms are l ocat e d 

a long a line from north of PrieskEJ. towards Nieke r ksho op 

:::mc1 Gri qua town, Elandsfontein 395 oeing loc ated ao out 15 
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mile s south of Griquatown . 

Table 16 . - Distribution of asbestos reefs in 

the Intermediate Asb estos Zone on Orange 

View, Prieska District 

Waste Reef 
Parting Reef Width Remarks 
Feet (Inches) 

No . 7 or 36 Fiore development poor'l 
Upper Fibre displays a g r ey­

ish colour and is 
usually of the sl i p ­

21 f ibre type 

No . 6 24 ditto 
38 No . 5 18 Fiore grey i n colour, 

4 developmEmt good 

No . 4 24 ditto 
l/,L 

No . 3 24 ditto 
15 No . 2 24 Fibre g rey in colour; 

development usua lly 
poor 

22 No. 1 or 12 Fibre dark olue -bla ck 
Lower in colour; develop­

ment usuD,lly poor 

Rel~lt ive ly l a rge-sc al e mining of crocidolit8 on 

this zone took pla ce on Gecluld (R3), N'lauv" Poort 14 "'r 

CP4), Kloof 1 43 (p4) and Elands font e in (p5) only . On 

Orange View C Q3) flll of the seven re e fs wc:~re l)ro sp cteel 

t o some exte nt but a ctua l mining took place on three of 

them only, viz . No ' s . 3, 4 a nd 5 (Taole 16) . 

The Im~ermost reef in the Intermediate Zone (No.1) 

cont rdns seams of dark-blue to dark-c oloured fiore, 

very similD,r to that obtainaole from the Lower and, Wes­

teroerg Zones . Fiore from the upper six reefs, however, 

h as a distinct Greyish-blue colour a nd is often of the 

slip- fibre type . The No . 6 re e f, where exposed, c ont a ins 

c hiefly slip-fiore . Pibres in individufl l seams of the 

lqtter r eef are often distinctly inclined to the bedding 

and in some seams the fibres are practically elongated 

para llel to the oedding of the oanded ironstone . In such 

localities fibre bundles measuring from li to 2 inches 

in length are found in seams les s than a quarter inch \lvide . 

On Erfrus (Ptn. Naauwte 339, (L': ), loc ated north­

east of Orange View, on the opposite brrnk of the Orange 
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River, slip- fibre is common in the places where tho reefs 

hewe been opened up . On this f a rm thre :; narrow o'sbestos 

reefs, distributed over a vertic a l dista nce of 30 feet 

are found closely above the diab3.sG sill which succe eds 

the Intermedia te Zone . The lowermost re ed is found about 

60 feet above the sill . The vertic a l distribution of 

the reefs is shown in 'I'3>b le 17. 

'Table 17 . - Distribution of Asbestos Reefs lrnmed ia~~e -

ly above the Intru sive Diabase Sill on E rfrus 

(Ptn. N~auwte 339), H~y District 

Waste Parting Channel WidthReef(Feet) (Inches) 

Upper 30 
15 

Middle 30 
l[~ 

Lov~er 36 

Prospecting on a small scale took place on these rc~ f ~ 

both on Erfrus (Ptn . Naauwte 339) and on the neighbourin.g 

f a rm Kameelfontein 338 (Q3}. On the latter farm tho reef s 

were opened up close to the main road betweon Koegas and 

Prieska . The colour of the fibre in these reefs is con­

spicuously different from that of crocidolite . The colour 

is aSh- grey a nd the fibre is brittle in pl::iCes . As1)estos 

fibres from this zone will be discu.ssed in more det:;Lil 

on p . lL~4. 

Along the extension of the Intermediate Asbestos 

Zone to the north- cast, that is towards Niekerkshoop and 

Griquatown, crocidolite hCis beon mined intermittently on 

a number of f ecrms mentioned on page 115 The most0 

extensive workings are located on Kloof 143 (P4), Kaffir 

Krantz 379 (Q4) 9 Na3.mv Pocrt 14·4 (PIt) , Bla auw-bosch Kuile 

380 (p4) and Elandsfontein (p5) . Mining of crocidolit e 

on these farms has been suspended several yea,rs ago, but 

the Intermedi~te Zone still enjoys attention on some 

farms owing to the good quality of " tiger ' s - eye 'i (silici­

fied crocidolite) which is found in the Niekerkshoop 

are "1 . 

Mining for "tigers- eye " is carriod out on Bl aauw­

bosch Kuile 380 where seams of silicified. crocidolite Drs 

found separa tely or in closely- spaced groups or reefs . 
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The distribution of the s ilic ified crocidolite s cams 

a r e given in Table 18 . 

Table 18. - Distribution of Seams of Silicified 

Crocidoli t e in t he Interme diate Asb e s tos 

Zone on Bla auwbo s c h Kui1 9 380, Ha y Distr ict 

Wa s te Ree f No. Pibre 
Parting Re e f Width of Length Rema rks 
(Feet) (Ins •. ) Serlms ( Ins. ) 

Uppe r or 1 1 3 
4" 1 Composi te S8am 

27 No . 16 

No . 15 17 2 3 
4 

112 
6 No . 14 12 1 12 

12 No. 13 24­ 4 ::L 
4 

3 
4' 

8 No. 12 8 2 1 
"2 - 1 

21 No . 11 1 1 ~~ 
"4 - 1 

10 No. 10 1 1 3 
"4 - 1 

42 No. 9 1 1 1 
4" - l 

2 

34 No. S 1 1 3 
4: - 1 

21 No. 7 13 2 1 
4" 

1- 2 
28 No. 6 36 2 1­

"4 
1- 2 

1 6 No. 5 60 3 1 
"4 l i 

21 No. 4 9 6 5 1­
"4 l-~ 

11 No. 3 1 1 3 
~ - 1 I mpersist ent 

(~8 No . 2 18 2 l~ - 2 
30 Lower or 

No . 1 24­ 2 1 - 6 

Tot a l v e rt i c ;::11 dist anc e ove r which c r oc idoli te s eams a r e 

found = 360 ft. 

From Table 18 it may b e c oncluded tha t only Ree f s 1, 
2 and 4 would hav e be e n mineable proposit ions f or croci­

dolite. It i s a ls o s (;e n tha t the tot a l width of 360 
f ea t over which asb es to s se ams a r e distributed is muc h 

in exc ess of the v e r t ic o,l distribution of about 125 f l~et 

in t he s ame Zone on Oran ge Vie vv (T able 16). 

(c) The We ste rb e rg Asb es tos Zone 

As a r u l e this ZOllO is r e stricted t o t he low ermos t 

120 f oo t of th e; V!e s t erberg Bed s. A diab ase sill, ab out 

40 f ee t thick, i s f ound ap proximate l y 35 f ee t above t he 

h i gh e st asb estos se am in tho '..rfest e rberg Mine and is 

ge nerally r eferre d t o as t he Marke r Sill. Acc or di ng to 
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Cilliers (1961, p . 47) this s ill extends to Hounslow 

323 (Q2) :-mel Koegas 32 /j. (Q2) on the northern ba nk of tb.o 

Or::mgc River whore:; it is found in pl?Lces only about five 

f eet above the uppermost reof in this Zone. 

Mining on this Zone t a kes place a t Westerberg (Q2) 

and Koegas 324 (Q2) only . Drilling has indicated that 

the Zone exte nds towards Kwakwas 318 (P2), l ocated 

adjacent to Kocgas 32 4 , but mineralization appears to be 

less promi s i ng . The di stribut ion of the reefs in the 

Westerberg Asbestos-be aring Zone i s shown in Table 19. 

Table 19. - Distribution of crocidolite reefs in the 

Westerbe rg Asbestos- .hua ring Zone 1 Southern Region 

AverA-ge Ave r ageReef Fibre Ma ximuWast e Channel- Numbe r 
of Fibre Length Fibrc~Parting Reef Width se alPS (Inches) Length(Feet) (Inche s) over _

8 
II (Inche s ) 

1. ')~ 
L-Inner 10-4·0 5-15 "8 - 4 

6 1. 2.2.Main 6- /~8 5-15 8- - - 4 4 
4- 1.Bottom 24-40 5-15 8 " - 1 1 

Main8.5 
J. .2.Visser 1~8-82 5-18 8" - 2 l -i 

4 .5 1. 1. :~Bottom 6-12 3-18 "8 - "4 4" 
Visser 

35 ]~. 1. 1­
~2Interme- 5-32 2-10 8 - "4 

diate12 
1. 3Outer 9- 48 5-18 "8 - "4 1 

7 1 1. r,Second 3-27 2- 6 8 - "2 "­
Outer 

14 1. .2. 3Third 3-24 2- 6 "8 - :2 4 
Outer 

After Cillicrs , 1961 j p . 4·8. 

(d) The Upper Asb 8stos ~one 

As mf:?ntioned earlier (p. 106) this Zone is found 

in the UIJPer portion of a l ayer of f erruginou s jasper 

approxi mate ly 30 to 35 feet thick which separates the 

Middelwate r and the Kwakvvas Substages. The asbestos is 

gene r a lly c oncent rated in a number of f ibre seams grouped 

together so as to form a single reef. The max imum length 

of fibre in these seRms is two inc hes . 
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The development of the fibre soams in this Zone i s 

sporadic. It is locally developed on Koegas 324 (Q2) 

and Kwakwas 318 (Q2) where a little prospecting has 

been carried out, but th~ re e f could not be tra ced on 

the neighbouring farms. Owing to the rela tively rapid 

thinning out of the various substages of the Lower Gri­

quat01~ Beds towe.rds the north it cannot be said with 

certainty v'lhether the Upper Zone corresponds with the 

asbestos being worked on Blackridge 193 (03) in the 

Matsap Hills. This does not appear to be thS case bocause 

at the latt er loc ality the crocijolite is found in thinly 

lamin8.ted ironstone which occupies a position near the 

top of the Jasper Substage of the Northern Region. 

Yvorkable asbestos is found in two reefs at Black­

ridge 193 (03) which are only 6 f eet apart. The lower 

reef is about 18 inches wide and conta ins a maximum of 

8 seams. The upper reef has an average width of 24 

inches and cont a ins up to 13 seams. The fibre lengths 

in the se se ams vary from less than i inch to about l~ 

inch in places . According to Visser (1958, p. 47) the 

stratigraphical pos ition of the a sbestos reefs on Black­

ridge and the adjacent farm Breckenridge 192 (03) cor:;.:'es­

ponds with that on Pa nnetjie (Ptn. Naauwhoek 45) (05), 

Me rwehoop (Ptn. Midd81plaats 6) (05 ) , a nd Doradale 9 (0 5) 

to the west of Griquatown which i s tenta tive ly c orrelate d 

with the Fourth Upper Zone of the Northern Region. 

Do ' Intrusive Rocks 

The rocks of the Lower Griq..uatown Stage A.re intruded 

by sill-like, pipe-like and dyke-like intrn s ions of whi (~l'l 

diabase dyke s are the most abund a nt. Because the present 

investigA.tion was chiefly r es trict ed to the Lowe r 

Qriquatown Beds it is not possible to date tte nntrusive 

rocks with ce rtainty. Howeve r, it is felt thA.t the 

intrusive s represent several periods of intrusion, 

ranging from Onge luk l ava times to post-Karroo time s. 

The post-Karroo empl.ai:anel1,t.s, a re represented by Kimberlit e 

pipes a s f or instance on Brits (M2), Postrnasturg Dictr~~+ 

Truter, et 0.1 (1938, pp. L~ 6-49) and Visse r (19 44 7 

pp. 215-217) who h ave also discussed the area beyond 

that c over-ed by the Lewe r GriquA.t own beds recognised 

igne ous r ocks of at le ast four different periods of 

emplacement viz.:­

J 
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4 . Post-Karroo empl~cement of kimberlite. 

3. Dolerites of Karron-type 
noritic rocks. 

and related 

2. Mafic rocks of post-Upper Mat 
probably pre -Karroo age . 

sap a nd 

1. Diabas ic r ocks r e l ated to the Ongeluk l avas. 

A microsco p ic a l investigat i on of thin sections from 

sever 'll mafic sills and dykes intrusive int o the Lower 

Griquatown St:J.ge reve"lled that the rocks are as a rule 

much decomposed. The feldspar is g enera lly represe nt ed 

by small irregula r skeleton crystals and occasionally 

by stout l aths which show sub01Jhi tic to ophitic inter­

growth with a ltered pyroxene. The IJlagioclase is common­

ly he ovily kao linise d or altere d to aggre ga.tes of zoisite 

and secondary epidote. The pyroxene is s eldom fresh~ 

uralitization commonly c ommencing from the edges of the 

crystals. Irregular gntins a nd occ a si o nlll well-formed 

crysta ls of titanite are usu a lly p rese nt, but even this 

miner"J.l is ofte n subjected to se v e r e a lte r at i on \l1Ihich 

re sulte d in the c oncomit ant cryst eJ.llization of Sill/ill 

amounts of magnetite. Other a ccessory minera ls a r e 

calcite and occaSionally s. little quart z . 

Che mic a l a n a lyses , Niggli v a lues, molecular and 

kat a n orms of five s eparate diabase sills intrusive intc 

the Lovilcr Griquatovm Beds a re give n in Table 20. For 

compa rative purposes the ave r age chemic:::tl COITll)os ition 

of material derived from sev e n Karroo dolerito dykes~ 

a nd 8, chemic !},l a n s1.1ysis of the Ongeluk lavA. a nd the cor­

r espo n d ing Niggli values a r e also givcn in Table 20. 

The si value differs r emarkably in the various 

diabases which are intrusive as s ills into thc? r ocks 

of the Lower Griquatown St."1ge (T o.b le 20) . The v a lue for 

si varies fr ow 95 to l t~2 a nd in the c orr e sp ond ing 

kat~morm (Tqble 20 ) it is shown that free quartz c ou ld 

only be e xpe cte d in one of the five analysis g iven in 

Table 20, viz. analysis IV (si == 1 42) . The chemic a l 

analysis of material derived from a diabg.se dyke which 

is intrusive into the Lower Gric!.uatown Beds on Vlester­

berg also shows a l ow Nige;li value for si and according 

to the katanorm (T able 20Il, VI) n o free quartz is 

present. 

Ni ggli value s c D. lcula ted from the chernic Fll 

analysis of mater i a l derived fr om Karroo do lerite and 

a ndesit e of the Ongeluk l a v a show higher si v a lues 

(12 2-1 /1-2.5) except f or analysj_s IV, T[l.rJle 20. The 
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c orresponding ko.tQl1orms (Table 20D VII and VIII) shc'i\~s 

tha t free quartz c oul d be expected in t he mineralogic al 

c ompo s iti on of t he int rusive r ec ks of Ongeluk l av2 

and Karro o age . 

In thi s r espe ct it i s of interest to no t e th a t 

analysis IV, Table 20, which shows t he prese nce of fr o? 

qua rtz in t ho Ka t anorm i s t hat of diabase which intr"Ltde d 

2, S a s ill on Ou pl aas 304 (L 2 ) and c au sed int ense t hermal 

metamorphism of c ro eidoli tc in th (~ bn,nded iro ns t one . 

The variation in t he tot a l c ont ent of iron, magnc ­

s itlm and t he a l1<:::11i s in t he chemic Q,l c omposition of 

mafic r ocks int r u s ive int o t he Lower Griquntown St age i s 

c ompare d vv i th that in dol er i t o of Karroo Ago in Fi gu r e 

8. The r espective va lues obt a ined from seven analyses ef 

Karro o dolerite (Vi sse r, 1964 , Analyses 607, 609, 617, 
620, 621, 622 and 625) plott e d as filled in cir cles on 

figctre 8 fo.. ll within a c ompar atively small field . 

The resPJctive va lues derived from ana lys8s of 

diabase vvhich intruded t he Lower Griquatown Sta ge, 'Nh~;n 

pl ott ed , a r e appr eciably s ca tterod . Tha t of diabase 

from s ill i ntrusi ons a r e r oughly re strict ed to throG 

different fi e ld s; analyses III, IV a nd VIII, a naly ses 

I and V a nd analys i s II. 

Ana lyses III , IV and VIII and also VI hav e app r ox i­

mately the same iron-cont ent (F e " + Fe " , ) as that of 

Karroo dolerit e; (VII), but t he first t hree c ont a in l es :::; 

magne sium and s lightly more a l kali,s (Na + K). Analys i s 

VI c ont .a ins mo r e; magnes ium than t he forme r three men­

tioned a na lyses as we ll as the Karroo dol e ri te , but 

c ontains appr e c ii:lbly l ess a l kali s . 

Ana l yses I and V ar e of d i abase f r om sills a t 

Pomfret a nd Taaib osc h Put s , r espec tive l y and corre spond 

close ly in iron-, magnes i um- and a l kali-c ont ent. They 

differ from t h e Karroo dol e rit e in tha t they have 

slightly l e ss iron and a llm li a nd a h i ghe r magne s ium­

c ontent. 

Analysis II i s of diabase fr om the hanging-wall 

sill at the Westerberg Asbestos Mine . It diff e r s remark­

ably from t he Ka rroo dolerit e a nd a l so from t he other 

analyses . It contains much l ess i ron, morc ma gnes i a 

and abou t t he s ame amount of a lka li s . 

Figllr e 8 shows that diabase from intrus ive sills 

in t he Lovve r Gri qu a t own Stage c ould roughly b e divided 

into three di f f e r ent groups; t h ose which correspond 

clo se l y in chemi c a l c ompos ition with Ka rro o dolerite 
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and Onge luk l av a ( No ' s . I II ? I V cmd VI II ) , [1 s ec ond 

group 1Nh ich c ont a i ns l ess i ron but mor e magne s itun 

(No ' s . I a nd V) ~nd a third group, r epr esent ed by ona 

ana l ys is only, wh ich co nt a ins c onside r ab l y l ess i roTI? 

a nd more ms,gnes ium (II ) . 

'['he di ab ase s ills va r y r emar kab l y in t h iGkness . 

Mos t s ill s att a i n a thickness of l e ss than 100 feet , 

gene r ally varying betweon 30 a nd 50 f ee t and t hey may 

b e found on any s t rat igr aphical ho rizo n in t ho suc ce s ­

s ion , fr om clo se l y E).bov8 t he Dol om it e (Taa i bosc h Put s 

499 , Postmasbu r g Di strict ) t o near t he to p of the Bnn­

de d Irons tone Subst a ge (Han ging- wall s ill? Wes t erberg? 

Pri e s ka Di strict ) . The t h ic ke st a nd most persistent 

d iab a se s ill obse rved i s pr e s ent close ly ab ove t he I n·­

t e rmedi a t e Asb e st os Zone in the Sout hern Reg i on ( p . 10 1) . 

Some s ills a r e c onc orda nt over l ong di sta nc es wh. re as 

othe r s are only s li ghtly trsmsgr e s s i ve e . g . the s ill 

on OupL:ns 304 . 

Dykes are extreme l y abu ndant especi ally i n t he 

Northe rn Region. The mo st fav ou r ed dire ct i ons a long 

v'Thi ch t he dykes a re intrude d a r e shown in f i gure 6. 

In th i s fi gure t he s trike direct i ons of al)out 200 dY]~';:3 

were pl ott ed an d it shows t hat the ma j orit y of the 

dykes s tr ike in a direction b e t weo n N50E a nd N60E. 

The next mos t f avour ed d irection i s b et we en N40E and 

N50E, so t hQt about 40 p e r c ent of al l dykes in t he 

a r ea s trike be t ween N40E and N60E . Approx i mat e ly 15 

pe r c ent of the dyke s in t he r e gion s t rike be t weeD 

N60E and N80E bringing t he t otal NE and E~m trend i ng 

dykes up t o 55 pe r c ent of all dykes i ntrus i ve i nto 

the Lov'le r Gri qu a town St age 0 

Only ab out 20 per c ent of t he dyke s s trike in a 

n orth- wes t e rly direct i on and a lmost all t he dykes 

tre nding in t hi s d i r ec t i on a re f ound in the Southern 

Regi on and pr actically non e in the North ern Regi on . 

A v er y sThal l propor t i on of t he dyke s s trike north- sout h. 

M~my of the mafic dykes we r e intruded a l ong 

f au lts? but the ma j ority of t he dykes which trend 

north- e,::,_st a re not assoc iated with f aulting . Most 

p r om inent f ault s in the entire a r ea a re t h r ust - and 

n orma l f au l ts a nd c ommonly strike be t vve e n 20 0 west 

and 20 0 eas t of nort h , directi ons in which di abas ic 

dyke s se l dom s t r ike . Fi gur e 7 s hovv s thnt only a, v er y 

smal l numb er of the dykes s tr i ke in the same direc tion 

a s t ha t in which most fau l ts are trending a nd fur t her 

i l l ustra t es t ha t onl y a few of t he dykes with the 
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prominent north-eastern trend are associated with 

faults. Th2 prominent northe rly direction in which 

most faults strike coincides with the strike of the 

major thrust f aults in the Postmasburg area and are 

of post-Mat sap age . Most of the mafic dykes which 

strike northe a st are displac ed to some degree by 

faults which trend more tO INards thc; north, which indi­

cs,tes that these dykes were emplaced before faulting 

took place during the post-Mat sa p pe riod of crust a l 

deformation. It the refore appears as if most of the 

mafic dykes and sills W3re emplao e d pr ior .t.o or during t h 

early stages of post-Matsa p deformation but some, 

especia lly those oc cupying fault-zones which trend 
north-south a re of post ~lYi a,tsap age . Some of the 

dyke s and sills caused therma l metamorphism of the 

crocidolite viz. on Oupl ~as 304 (L2) and Koretsi (Hl ) , 
showing them to be emplac ed contemporaneous with 

or after the forma tion of the crocidolite. 
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IV. The Mineralog ical Compos i ti~n of the Banded Irons ton~ 

A microscopic study of core-sampl es obtained fro m a 

bore -hole drilled on Botha (M2)9 about 15 miles south of 

Danielsk~il, and from one drilled on Pomfret (B4) was 

carried out and the results ma y be re garded as representa­

tive of the banded ironstone of the Northern Region. The 

bore-hole on the first farm ) enetrated a l most the entire 

Banded Ironstone Subs tage and was abandoned after having 

reached the underlying Dolomite. 

The main constituents of t he banded ironstone of the 

Northern Region are cherty magnetite~ carbonate (chiefly 

calcite, siderite and dolomite) accompanied by accessory 

amounts of minnesotaite and stilpnomelane . Minnesotaite is 

especially abunda nt in the lowermost portion of the Banded 

I ronstone Substag e at Pomfret. Banding or lamination in the 

rock is extremely well developed and the contacts b etween 

successive laminae are sharp as a rule. The lamina e generally 

have a monomineralic compo s ition but larrQnae in which tw o 

or more of th8 constituent minerals figure are also found . 

A pe trological study of the rocks of Lowar Griquatown 

Stage in the Southern Region was carried out on bore -hole 

cores obtainad fro m a bore-hole (W2) on Westerberg (Q2). The 

b a nded j_ r onstone from the Ba nde d Ironstone Substage in this 

r2 i on corresponds l a rgely with that of t he Northern Region 

except that minnesotaite is more abundant . 

In the fol l owing paragraph s the different minerals which 

constitute the crocidolite- bearing banded ironstone and t he ir 

mode of occurrence are describ e d in order of abundance. 

(a) Chert 

According to definition the term " chert" is applied 

to " cryptocrystal line varieties of silica reg a rdless of 

colour, composed mainly of petrographically microsc opic 

chalce dony and/or quartz particl es whose outlines range 

fro m easily resolvable to nonresolvable with a binocular 

microscope at magnifications ordinarily used . Pa rticles 

rarely exceed 0 .5 IDm. in diameter" (Howel l , 1957, p . 49 ) . 

Rice (1949 , p . 71) defines chert as ita dense, crypto­

crystalline rock, composed mineralogically of chalcedony a n d 

cryptocrystal l ine quartz". 

Chalcedony is virtually a bsent in tha banded ironston,j 

and the associated rocks from the Lower Griquatown Stage 

a nd the free silica in these rock s could b3st be d3scribed 

as mi c rocrystalline quartz. Hovvaver j the term ii chert" h a s 
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more or less a world-wide us a ge in the description of micro­

crystalline, non-cal s tic quartz which typically forms l amina e 

in the Precambrian banded ironstones.• For this reason and 

because of its long usage in the description of similar rocks 

the term is retained in thi s papar . 

Th2 microforms of Cluartz may be divided into two classes, 

microcrystalline qua rtz and cha lcedonic quartz ( Ke llar, 1941) . 

Microcrystalline quartz forms the bul k of th3 chert l a minae 

in the banded ironstone and in addition may be accompanied 

by q uartz of large r grain SiZ 8 . Durin,g the microscopical 

inves tLq;ation of many sections of the banded ironstone from 

the Lower Griquatown Stage cha lc2dony was found in two thin 

sections only (HH285) . Und,~r the microscope it is co mposed 

of radiating or sheaf-li ke bundles of fibres radiating fro 

a core of microcrysta lline quartz or c a rbonate. This mode of 

occurTence, where the chalcedony is clustered ar (,und a core 

of crystalline material, suggc~ sts that the chalcedony gr8 i! 

in geodes formed during lat :~-st ag3 solution and reprecipi ta­

tion of microcrystalline q uartz . 

The late solution of quartz could h ave t ake n pla ce 

during the intrusion of ma fic dykes a nd sills from which 

alkaline solutions we re derived. Real evidence to prove 

this was not found. Where trapped th e se solutions could 

have caused the solution of quartz a nd the more or l ess 

simultaneous precipitation of carbonate . Under very sluggish 

conditions of mi gration of the dissolved silica the solutions 

then becr',:rie gradually acid with th e result that the silica 

in solution was precipitat,~d to form cha lcedony. This line 

of thought is strenghtened by the common association of 

ch a l cedony with a core of carbonate. 

Tha microcrystalline quartz is present as closely inter­

locking xenoblastic grains with random optical orientation . 

Grain- sizes range from less than 0 . 012 ffiu to 0 .122 mm in 

diameter, the average being a round 0.025 rr~. Microcrystalline 

quartz is a lso present as distinctly elongated crystals 

(HH279) • 

A single lamina of microcrystalline quartz in the banded 

ironstone could be composed of grains having approximately 

the same size or the grain-sizes ma y decrease or increase 

gradually in a direction perpondicular to the bedding. 

Gradual variation in gra in-size from 0.012 to 0.06 rom in 

diameter in a singla thin chert lclInina is ,often obs e rved. I n 

the case of relativ.3 1y thick chert l aminae the laminae are 

often composed of several thin layers of different grain-siz2. 

This tYP2 of phenomenon of €:r a din and alt2rnativ2 layers of 
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various grain-size could possibly be explained by the rate 

of precipitation of silica during the deposition of the 

rocks. Sharp changes in grain-size from one l amina to an 

adjac ;:mt one apparently indica t :;s that cond itions control l i n.c:r, 

the precipitation of silica, whether chemically or as col­

loids 1 mus t have ch anged quit ,::; ab ruptly. 

Elongated crystals of quartz ara most common in late 

fractur,~s wh ich oft::m trave rs e the bedding a t ri ~';ht or a t 

ste~p a ngle s . In the se frclC tur es th e quartz grains 1 often 

accompani l~d by carbonat ,:; 9 ar;:; ori2ntat~d with the ir major 

axes perpendicular to the walls of the fracture. Growth 

took place fro m both walls or in rara cases from ~nd wall 

only. The l engths of th e elongate d crystals na turally 

depends on th e width of the fractures~ the maximum length 

of microcryst a lline crysta ls observed in these fractures is 

0.48 mm ( Spc o HH271). 

In many sp .; cimans chert l aminae separating magnetite 

l aminae are chi:;fly compose d of tiny a cicula r grains of 

microcrystalline quartz ori8ntatcd perpendicular to the 

bedding. In soma specimens the acicular crystals of micrc­

crysta lline quartz wera obs erved to separate cross-fibre 

crocidoli te from a dj acent ,magnetite l amina e. In th ,:;;se 

specimens the microcrystalline crystals of quartz co uld be 

r .emarkably elongat~d a nd int orgrown with the crocidoli te 

(Plate IX). 

Laminae composed solely of chert or with chart as the 

chief consti tuent a l t3rnate wi t h '2i ther ma gn etite, carbonate) 

minnasotaite or s tilpnome l ana in the banded ironstone. The 

borders b ,~ tween chert a nd adjcwent laminae of magnetite s.::-c:; 

sharply defined as a rul e , but in some spacimans idioblast i c 

crystals of YIk'1gnatit::: ar3 spnringly distribut .:;d wi thin 

laminae of chert in clo s a proximity with lamina2 of magnetit2, 

The same applios to contacts be twean l ami nae of che:rt and 

stilpnomelana. 

Wh2 r e laminae of chart are int arca l a tad with carbonata­

bearing l aminae, tha c ontacts be twaen tha different laminaJ 

may ba sh8.rp, b ut mora of tan tho chert i s accompanL:;d by 

intars titial c arbonata and "vic.] VJrsa~' Chart l amj_naa of ten 

alternata with minnasotaitG-baaring l aminaa (HH324). Althou~l 

the contacts b2 twe 2n such l amina " ara gan~rally well d;:din3d : 

a cicular crystals of minn'Jsot ~':'. i te genarally tend to grov'! 

perpendicula r to th a b~') dding into tha ne ighbouring l amin::t2 

of chart (Plate X) . 

The: banded ironston;3 from Pr ~~ cambri an ironst onas is 

g.-:marally r:;garded asa rock which cons i sts chiefly of 

al t erna ting laminae of ch art and ma gnatita. If th is was 
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th• e case l·t would hove contributed considerably to theu.. 

solution of the problem of th~ origin of these rocks . 

However, the sequenc e of preci pitat ion of the different 

materials cons ti t u tinr,; these r ocks is more complex . Al tar ­

nating laminae may be composed of 8ith~r silica, magnetit e, 

carbonate, stilpnoIn-::;lane or minnesotaite or of a mixture of 

two or more of thes (3 mtncrals and the s ..~cllJ.enc '3 of the l amina8 

varies from specimen to specimen . In additi on on3 can dis ­

tinguish betwe?n chert lamina a of diff2rent ~rain-size in 

the saYrL? thin s3ctj.on . Thi s variation in gr ai n - size may be 

gra.dual but it is mor;:; oft (~n sharp and INell dafin(~d . 

The va riation in the gra in- size of microcrystallind 

quartz in adjacent chert l aminae or in sapal'ate laminae can 

hardly b3 .)xrlaina c1 by 1112 t mnorphic influ.:mcJs becCluse of th ,~ 

v-;ry s harp conta cts oft ;~n se3n between l am:Lna3 of fine ­

grained and coars3 - grainad microcrystallina quartz . It i s 

beli3va d that the difference in grain-size i s a primary 

character and was caused by ehangds in the r~te of preci pita­

tion of silica owing to r ap idly changing phys ic o- chemical 

cond i tions and/or r ap id ch a nga s in the co ncent r a t ion of 

silio8, . 

A fast r a te of preci pita ti un would r :;sul t tn the a ccumu­

l ation of f ind- gra ine d mat ay i a l in contras t with l arger 

gr a ins ca used by slow praci~it ation. A lamina of carbonnt e 

is oft2n bor de r ed on both s id~ s by fina-gra ined mi crocrystal ­

lin·,:; ql..lart z or by fin,:; - gr a i nJo. qnartz on one s id e ana. coa r se ­

graine d quartz on the other sidd . Such anomalous f eatures 

a pparently i nd i ca to; tha t the d i ff~~rence in ,9Tain··-siz8 was 

n ot only govern. ;d by a varia. tion in the concentrati on of th 2 

s ilica but was a lso controlle d by r ap id vari a tions in physico­

chemical conditions during the proce s s of preci pitation . 

( b ) Magnetite.. 

Magne tite, like ch2rt~ re pre sents one of the 8ssantial 

constituents of th~ banded i r ons tone . The min3ra l is 

gane r ally pr3sent as discra te idioblastic crystal s Dr as 

closely int"~rlocking cryst al aggr ~~ gates arrans,C) d. in thin 

larnln8..e par allel to th ;:; beddi ng . The min ,r a l is o.lso fOLJ.nd 

as diss \~mina tad crys t als in lamina e of ch ~ rt ~ oarb-:'Jllate, 
st ilpnomal ane and riebeckit8 (HH2 63) . 

Individua l lamina e of ID2.gnatite in th2 rock vary in 

th ickn~ss from 0 . 05 mrIl to 2.b Gut 4.0 IIlr.J. . Th -~ thick8r laminne 

of magneti to aTe a ctually cO IDJ) osad of very thin laminae of 

magneti te va rying in thicknG ss fro m 0 . 05 to 0.45 lilin . The 

latter are separated from onG another by equally thin partings 

of ch art and/or c arbonat3, a rranped pa rallel to the bedding . 
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Under the ora-microscope the ma gnetite displays a 

distinct white - gray colour which is attributad to its vary 

low titanium contant. Analy s ,::s of In:tlk sampl.;s ()f the b a nd .-;c. 

ironst ona show that the Ti02 -c ontdnt df the rock does not 

exc,3ad 0 . 2 p3r cant (Tabl e 32) . Crystal : fac e s arc; v:cll 

davel c p:::d e,8 a rule and no dcfinit-; signs of martitization 

could b(; traced in sp:;cim~ns of f rash rock t a ken from b310w 

tha zone of oxidation . In s p acimens from outcrops , almos t 

c111 of t h e; magn:;ti te h a s bean altar ,.:: d to hamati t (; (mRrtite). 

Th~ marti t3 again is largely a lt,jrad tC\ goethite . Marti t3 

lamall ['" ~ p<lr a llal to tha (111 ) crystal l ographic directj_cn of 

ma gn'atit ,.:; ara common. The origj_nal crysta l faces cd' t he 

mRgnat i ta are ret a ined evon wher'2 th2 min,:;ra l i s alnwst 

complat (;ly l'e p l D,cad by marti ta and goathita. 

The magnc;tit,3 lamino,e a Y' ,.:; built of dans,] aggr8@;ate s of 

crystals or a re comp os 8 d of ,'3 ingl.:; crystals or clust or s of 

mr'l gnetita sepa rated by chart a nd/or c ;::~rbona ta Al the-ugh the0 

individua l Llminae a T"; g ;~nerally continuous in thin section 

th y frequently pin ch out within vary short distances. I n 

this vvay discontinu ous streaks, often not longe r than 3. 0 rum 

a r ;;: form,~d p a r allel to the b~dd ing. Un de r low magnificatiC'n 

the l inaar o r ienta tion of a sar i es of short stre aks of 

dansely packed ma gn et it8 crystals ~?,ppears as ona continuous 

lami na. In the; pl a ne of tfL; b e dding the discontinuous 

s tra a ks cf magneti tc; ere sep3I'8ied from one a noth."r by chc;rt or 

c i3r bonate or b o t h . \'1 h81'c; IDo'gn,;tit2 , ch ,;rt a nd carbona te 

occupy t h e s arna microstra tig r a phical po s ition in the ro ck 

this f e ature p oints to a possible re a rra n g ament of ma terial 

during or immadia t,;:;ly a ft3r dc;posi ti on. Tha I\':;cuT2ngem~c:nt 

could hav,~ r8 8ul t .:; d und0r the influence of 1f1/ 88.k curront s or 

WQV 3 S . 

Al thvugh chert rrn y sapa r ate the individl1al l ':l111j.n a e o f 

In;:1gnetitc; from 2a ch other, this position is dominantly 

occupisd by carbonata. It was furthar ebserved that lamina e 

which 0.1'8 chiefly compo s ed of c a rbcna t3 and which are found 

on the adge s of magnetite lamj,nae may hav;~ 3,n ap jJreciable 

a muunt of Elc;,gneti te dtstriouted through the carb Gn c.te matrix . 

The a mount of ma gnetite in them d \~c r8asas g r adually· ~",way 

fro m tIw IllGogneti te lalrrinae. V'fhera ch,3rt i s fuund adj a cant 

tc a magnati te l a mina th o cont a ct Lc1 cOnJIftonly sh c.rper a nd 

IIliJ, gn2tito is seldom conspicuous amongst the chert g r a ins. 

In SOIna s c-;ctions th8 ma gnet it e l aminae a ra rwt r,nly 

discontinuous , but a lso v2ry i rL;gu1 3T in thickn,~ss . In 

oth ~H' sp2ciIlU DS the l a mi nae LiTa intricately curv~d or fold~d 

in the s ame manner a s in the conica l structur2 s u;Js3rved in 

crccidol i t e s e a ms. It is i m:)urtant to not,~ that small - s c a l ::; 
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folding or warping of magndtite l aminae is not rastricted 

to crccidolite seams only wher:;, (lccording to Cilliers (1961), 

such structur.;s 'N er2 caus2d by t he growth of tha crocidoli ta 

fibr,? Evidonce of simtl2., r stY'uctur.;s 8.r~~ found in FlC.lny 

10c8.1itL?s vvh~r<? crocidolite is c cmpL; tely ilbs8nt and wh -jY'2 

tha l amin 2.;:;: on l)oth sid.=!s of th:; curvc~d In.minae of magnetite 

ar;,; compos.}d of only or nlClinly chert. Figure 9 , whi ch is a 

cEtTll jrC), lucid,]. sk2tch of ~:i v}n.rp2d l amina of magnotite oetw2 en 

two laminD.e of chert ~ illustr 8.ti)s th-e consid2rttble variaticn 

in thickn:;s s of on.:; ch2rt L:tmina and the concomi tant folein .a.: 

of the magn.-~t i te lamina . Tl'he;s8 structur~s aT ,:; att ributed to 

pressure ph2nomena and the vineh - and - swell charactar of the 

chert lamins indicat.;s th ,l,t some l:~.t;ral tr3.nsL~r of IO.8t2r i a l 

h a d taken placa . In many specim,ms v-Ih:::r,-; such folding of th::: 

laminae in the rock took plsc2 small - sca12 faulting , illustra ­

ted by minute; fr a ctur3swhich run p,O)rrnndiculo.r ~)r at st(,) ~ P 

angles to the bedding or str8,tificati,·n of th,:; rock, c a n be 

observ~d . These fracturas arJ filled with relatively coarse­

grained ch3rt and carbon~;;.te . The laminae of TIl8.gni..:;ti te also 

displ~y drag-st ructures on t he opposite sides of such frac ­

tur,~s. Th,3sa f ~;8.tur2s would. imply th o.t the rock was compl;t3 ... 

ly consoli do. t ·:; d. d ur:i.ng the tim~ of the formati on of tha sr:Lo.ll 

fold structuY':;s. V3ry closely sp20ed l a,mine"..::: of mo.gn-3tita 

oft3n diverge so o.s to form two separate lami nae over short 

distanc ·..:s b ,3for,~ converging clgE'" in. Th ,; alongat8d lenses 

b,~t\,;ie.~n such eli ver ge nt magnoti t a l arriinae could be occ-upi c'; d 

bY2ith2 r ohert or c n.rba neL t2 or bo th. 

Although s ubordinat 3 to c11 art and Il1.'1,gm~t i te, c o.roona t ,~~ 

J. s a CO Mnon mineral in the [xl.nd<Jcl ironstone . The total o.mount 

of carb;:mate diff~rs qui t ~; cunsid ,:;raoly frem one sp ~; cim3 n to 

another and from one layer of banded ironstone to another. 

It is (Sa nerally more abundant in the intarcalations of b a nd.:;d 

chart in the band2d ironstone 8.nd is most abundant tow~rds 

the base of the :Bandad Ircns tone Suostage. Laminc1.8 of 

carbon8.ta usually altarnate with laminae of magnetite in tha 

banded irons ton,:; 1 out it i s far mor c? a1Jundant in the inter-­

calatians of b8.nd;~d ch,3rt in th3 band:::d ironstone. This 

sugg;:;sts that during the de p osi tien of the chert or j o.SP ,H' 

thar;-:; must have oe.em a deficiency in iron in th ,~ basin of 

deposi tion. The absance of magneti t2 18.mina a in int2rcala ­

tions of j o. spar c a n therJfore n~t be attributed t8 ch a nging 

physicG-ch2mical conditions only . If t h2re was a d2ficiancy 

in iron hydroxides during the deposition of tha banded jasp~r 

than silica and fJ rruginous mntdrial could hardly have baJn 

derived simultaneous ly from the s~18ctiv8 Weathering of 
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.. ... . ', ..... Very fine-erained chert 
*" --..

• r'al.,'Tle ti te 
:~ ~ 

o 0 0 Coarse-grained chert 
~ 

FIGURE 9 

Camera lucida sketoh of the rricrofoldin~ 

of a lamina of rnat~etite ~djacont to a 

lamina of fine-jjr9.ined chert rrhich isplays 

distinct rinch-snd-swell characteristics. 
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contin~ntal rocks . 

(i) IntJrlocking xenoblnstic to idicbl~s tic gra ins 

crystals constituting inc11vidua l l a minae . 

and 

(ii) as isol a t,;d idio'ola stic rhornos i n chert l amina.

whe re it uri gin2, t2ct through the r c:;pl:::~c B m.J nt of 

ch ,:ort, and 

0 

(ij_i) as idioblastic to x~noblastic crystals 

f t 1 . 1 t") S " t11·.·") b.J QO d l' -1"0n.·r rLC ur2s 'N1lC 1 r,,' (J.sgr-.:: co ~ ~ .F~ 

banded ironstone . 

in IEinut:; 

0 f t'n ,'"-

( i) J.J::::JniW12 which 8.r,,; co mposed chL.dly of carbonat -~ 

Tange in thickness from aru"lmd 1 . 4 mill to a maximum of 4 . 7 

mIll . Th,j 1-:1111in,12 oft '.:m contain scatt ·~r ;:3 d cryst a ls uf Iilllgnc-­

ti te B.nd also interstitisl grains of microcrystalline q uDTt z . 

The chert which accompantes th,; c a r 1)c; Dat .:; is f:~,;n8rally concel1 ­

trat8d in irr3gula r patches thrau hout the carbon2te l amina2 . 

Ca rbonate com:;ti tutdS tndivic1ual l aminae ~ h\J_t more co mmcnly 

is found intarstitial to magnetita. 

(ii) Ralativaly larg3 idioblasts of carbon2td, scatt~r8d 

in a matrix of ch ,.;rt~ ar~ quit:; co mm.o n in most of th ,.; c;h~rt 

l ununa2 . In this mode of occurr:3nc~ v ariousstae;,;s of 

r~placamclnt of chart by carb' ) n~te may b3 obs3rved (Plates 

XI and XII) . The growth of th28 ~ rhumbs commencas v-lith tha 

r3p12cJ T!1an t of a singld grain of microcrysto,11in3 QU(l.rtZ . 

AdjaCent gr:Jins are subs3Cju2ntly attaC 1{3d in such a mann . ~r 

tha t a group of quartz grains 8.1'.3 compL~tely env310ped by 

carbunate . In thin saction the progressing mantle of c a r ­

bon,:;,te a ppears ClB tl;VO prol1.Css '1,hich ext"md from the origin;:,l 

point of raplacJm2nt . After unvdlcping the grains of micro ­

c r ystallin] quartz and while the carbonat~ crystal is 

assuming a rhcmboh ,~dral outline the enclosed p.:rains cf micro ­

crystalline quartz are gradually r3pl ~cad (Plate XI ) . Ma ny 

of th e idicbla sts of c a r bo na t e show various 8ta~8s in the 
,~ 

rap12,c'3ment of the ch;3 r t in the cores in which any numb .~r1 

from on3 to sev::ral, gra ins (.f quart Z (0.:.1'13 still intact . Th.:) 

carbonate rhombs dispLJ.,Y cc frosty appearance and under stron.g 

magnification th.:::y appear to '0,) built up of many sIn.all 

cryst a ls, dach h aving th e approximate size of the original 

quartz grecins which w ~r2 r2pL1C,J d (HH273) . Tho c 8.rbonate 

which repl a ces ch ert includes magn3tite poikilcblastically 

(Pl a te Xli ) and crystallisi:o:d obviuusly lat2T than most of 

thQ carbona t2 which cOl1stitut~ separata I nminaa in the reck. 

Such raplac2mant could be ~ttributdd to tha p0rcula tion of 

low- t ;;mparatura \ alkalin:) sol utions . 
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(iii) Ca rbona te, li k~ ch e rt, occupi e s lata fr a ctures i n 

the banded irons t one , Jither alone or a cc ompanied by ch ~rt . 

Whera a c compani dd by che rt the c a r bonate cryst a ls a re 

ge ne r ally fCLlnd a long t h ·..; 1';'181 1.3 of t h3 fr a c-(;ur2s ~'llld micro ­

crystall ine quart z OCCUl]i28 tha c e ntr a or c o r ~ of the 

fractur .;s . In these frn.ctur .Js the c a rbo nat ,:; cry,stals a ra 

orie nt a t ed with their major a x es pd r pdnd icular to the walls 

of the fracture s imiln.r t o the or i ~ nt ation of the micro ­

crys t a llin3 ~uartz . 

Carbom tt,; s t o, :l n ing t .:; chni qu2 s on s p ecinuns of b cmde d 

ir0ns t ~)n8 fro m th·e 1\[ orthdrn IL;gi llD pr a ve d th,; carb on a t e t o 

be chi.)fly c :=t lcj_ t .:;: 9 dolomi tG and sid.Jri t ·,) . This was c onfir Yic3 d 

by X- r n.y a nalysis . The s t<:dn:Lng t ~chniqu8s appLi_2d j_nvolv2d 

th a fo l low ing chdmicals and ~e rd a dminister J d a ccord ing to 

th3 ffi..; thods d e scrib,,;Q by Fri ddrnrJ.n (195~) ? p . 88) a nd Warn,.~ 

(1962 ? p . 35- 37) . 

(i) Al i zarine R3d S , c o ld; Ca lcite - de ep Ta d . 

(ii) 	 Alizarine Red S plus a 30% NaOH s olutiun and b: i1 8~' 

Dolcmite - purple; s i da rit e - dark brown to bloc . 

(iii) 	 A 2% Hel soluticn plus a 2% potas sium f arrocy a ni dd 

suluti0n, heat e d; Siderite a nd dolomit~ - d2r~ blu e. 

(iv) 	 A hot, concentra t0 d s lluticn of caus tic po t ash 

plus hydrog~n p~ rox ide ; sidarite - brown . 

Tho diffdrant staining ffi~ thods ind i c a tod tho gdneral 

pr e s·.::: nc e of s id 8r it e in thd dc-'Plim:mt1y carbunnt;:: - b.c.: 3.rL1.g 

l cnnirne of tha band .:; d i rons t oi.1.8 . It furthor shews tha t 

siderite u sual y occupi os <:,1.11 of a s pec i fic c arb u n2t e -b '~2ring 

lamina wh8r·~as calci t a i s cO LlIDonly th ..:; chief ccnsti t u ,:; nt in 

othor l C\lI1 inae and i s oft,om a ccc.'mpa ni ed by dolomi te . Associ(l ­

tions of dolumite and c a lcite a r c espe cially abun dant in t he 

lower portien of th~ Banded Ir(;nston,~ Subst:1ge . 

(d) Minn ~ s0t aitG 

Mi nn 2s ota i t~ i s 3.n impol t ~2.nt constj_tue nt of th8 b a nddd 

ironstun'2 in both the North2rn a nd the Southern IL.;gi L1 n o.ltho l.1J?;h 

it is gen~ral1y only abundant in certa i n l a yers in the 

succession. In the Northe rn R~gion minnasotaita is found 

chi()fly in th .~ lower porti on of thd b:-o.n dG d Iranst o no Subst8.ga 

whereas in the SoutlL~rn R)gi oD the min.3 r al i s one e)f t}H~ 

chie f c onstituents in the uppermo s t portion of this subst Clg.':) . 

It i s espocia lly a bunda nt i n rocks b 210 ng ing to th o v/d ,s t s r b,)Y'g 

B2ds where the mineral is usually th e pr inoipa l c(;ns tituent. 

In the 10w2r portion of t h e Banded Ironst une Substo..ge 


of tha Suuthern Ragion mi nnos otn i te i s virtually ~bsdnt, its 


place be ing taken by stilpnumdlan2 . 
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The mineral appaars as ~icroscopic platas and mo ra of~an 

as naedlc;s 9 VJhich a re orLm.t :"t.::d r a dially or a rra nge d in 

shaaths • Individual sland3r needles r :;ach a max i mwll lcn g-[;ll 

of 0.19 nun, but g,:marally thay do not 8XC3:3d a 12ngth of 

0. 0 5 mfll. In tha Wastarbarg B,::ds, wharJ minn2sotai t ,~ forriS 

the bulk of tha rock, a n d in tha lowar portien of the banded 

ironstone succession in tha Nor thern Region where it is 

conspicuous, th a minJral is pr ~ sant as vary fine nJ2dles 

and fla kes so closely p a cked t og8thar tha t it forms yellowish­

grJen, fdl t-lika masses (In{204; HH324). 

In the Northarn Region ro_innesotai te is commonly restric ­

tad t o saparata l aminaa which ar :: interc a l a t ed wi th chert 

laminae: or tha mineral is found interstitial with ch art. 

Where it c0 nsti tut::;s separate l aminae tha n ,)8dl.Js Gttain 

th eir maximum L::;ngth on the 'Jut2r 2dges of th e l aminc,8 . All 

necdLjs on th.;; conta ct vv i th a l amina of chert pr;..; j act \Nall 

in t u the l att;r at ab out rie:ht angLJs t o thJ b0dd ing 

(Pla t e X). Tha lGrgdr n 3:;d1 3s ara paL; y;:)llo'JV t o paL; gr ,;;;n 

and 8xhibi t f a int pL~ochroism. On a c count of t he s mall 

s izas of the needles optical propertias a ra difficult to 

d e tarmina a ccurataly. The f0110wing optical prop,'3rti 3S 

were de t a rminad on the l a r g.; nuadlas in sodium and ordina:r: T 

light. 
2V,-{ = 0 to small a/c = Zero 

t ( = ' :1.. 580 (.::-.. .005) :nongation = positive 

,(1 = 1. 620 (::=.. .005) Bir 3fringa nc2 = mod~rat3 to hj ~'h 

An X-ray diffracticn patt,~rn 0f a sp 2cim::m in v'.Jhich 

minn3sotait3 is th} most i mQortant min ,..; r a l is giv,:m in 

Tab le 21. Aft<3r grinding th::; sp-.;;cinLjn the ma,t .c;rial was 

SUSPended in water and a ll th8 magn:::ti t a was r i::nlcved with a 

h a nd magnet while th3 suspensLm was c ontinuo u91 y st..i..L.i,,, ~_ 

Two kinds of stilpnomalan3 ar~ present in th3 band a d 

ironston3 of thJ Low;r GriquCl t own St J,,~-':!j viz. L~rri·- and 

ferrastilpnomalana. Farristilpnomalana is the most abundan" 

and is e na of tha ess::mtial min t:;: rals in the lovier porti on 

of th~ Banded Ironston o Substag:.:; in the SouthJrn Rogion . Tllis 

mineral is comparatively scarce in th e b and;d irc'nstona of 

the Northorn R2gion and wh o ro ?L:sant it f Drms tiny fl ake, 
,associated with magnotit:3. In the Southern Ragi( in the mi :c.~ '­

commonly constitutas separate l aminaa or fills intarsti tial 

cavitias in mo.gne tit~ laminua a l mos t completely. 
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Table 21. - X~RAY DIFFRACTION PATTC:;RN OF MINN~SOTAITE­

:m~ARING ROCK 

( Cobalt radiation. Magn eti ta removed. Philips X ..-ray 
diffractorfut2r. Spc. HH318,) 

Minn~sotaite ­
baaring banded Quartz Chlori te

Wiinnasotaitaironstona from A.SoT.M. A.S.T. Ivi .
Grun;.; r (19 4~· a)approx . 400 ft . Ca rd Card 

p. 366above Dolomi t2, 5-0490 11 -- 11 
Pomfret 

- .----------~ ----~ 

15.31 10 
9.50 90 9 . 53 100 
7.14 5 
4.77 20 4.77 10 
4.58 5 
4.25 40 4.26 
3.57 5 
3.50 5 3.50 10 
3.35 100 3.34 
3.19 80 3.18 50 
2 .74 10 2 .7 5 5 
2 . 65 5 2 . 65 5 
2. 52 20 2.52 20 
2 .45 10 2 .46 
2 .40 5 2.40 10 
2 .31 5 2.31 5 
2.28 10 2.28 
2 . 24 5 2 . 24 
2.20 5 2.22 10 
2 .12 5 2.11 5 
2.05 5 2.01 10 
1.98 5 1.98 
1.90 5 1.92 10 
1. 82 20 1. 82 
1.67 5 1. 66 10 

35 

100 

15.0 

7.10 

3.59 

100 

100 

100 

100 

12 

12 
6 

6 

17 

Much of the ferristilpnc)Dlela ne, 2spacially where it i s 

present is rolatively l a rge fl a kes, in th3 band a d iron s t one 

may readily be mistaken f or bi otite. Like biotit 8 , the 

mineral is optica lly n(~gativ.~ u.nd has a small optic axial 

angle - often app roa ching zero. It shovvs strong absorpti on 

wi th the basal claavag.3 parallel to th -=: vibration dir3c ti(,1l 

of the polarizer and parallel extinction , The pL:~ochroi 8n 

is similar to tha t of biotite. The minaral displays no 

mottled effect on extinction . 

Ferristilpnomela ne is often ac c omr ? nied bv fC 2:'-y-.,-.,,,,4-- ~' , 

nomelane which is pleochroj_c in yel low and g r ;:nn. The 

followinv optica l properties were dat :~rminad in sodiuJIl li e" " 

and ordinary light on ferrostilpnomelane -in a core-sampl e­

o"'&tained from about 350 feet above the :Dolomite at Pomfre~ 
(B4) : 
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2V~ = 0 - ±.5° Pleochroi sm == 

QC = + 1.584 (±o.oos) d.., = yel1o\" I-brown

f = jJ = 1.61 2(to.oos) .:r = I = De ep brown 

An X-ray diffrac tio n pattern of a s tilpnemolane - bearing 

rock ',:Ihi ch contains ma i nl y ferr i s ti1 pnomelane i s given i n 

Table 22 . 

beari ng rock f rom Botha!... Pos t ma bur g J i s t r ic t ( Cobalt 
---"'"-- - -

J ad i at i0.lL-Yhil lJ-.l!..:?_J~-raJLdiffrac t oillvt0r. Spc. HH 263) 

St ilpnomela ne ChloriteStil pnome1ane ­ Gruner 1 1937 , Briniley 1951,b earing rock p. 919 p . 320 

rll ~ ._ 1/1 0 (l_X 1/11 

12 . 01 100 11 . 90 100 
7 . 09 10 7. 0-7.2 go 
4 . 74 10 4 . 74 5 
4 .1 2 5 4 .14· 5 

4· . 04 10 4 . 05 5(1 

3 . 55 10 3.52-3.58 100 
3 . 34 5 3 . 35 1 0 
3 . 04 5 3 . 04 40 
2 .7 2 20 2 . 69 20 
2 . 57 40 2 . 55 40 
2 . 36 10 2 . 34 30 
2 .11 10 2 . 11 20 
1 . 57 20 1. 58 30 
1 . 56 20 1 . 56 30 

( f ) Chl 0 r i t e 

Mos t of t h e sp eci mens on which X-ray det erminations 

' iere carried Ollt conta inerl. sub or d.inate amounts of chlori te o 

~~lhere concentra ted in appreciable 8.J'TIount s the mineral i f; 

pre s ent a s a f i ne - gra ined greeni ph mass with low bire ­

fr ingence, mottle d extinc ti on a nd often s hows abnormal 

interference colours characteri s tic of the i nterferenc e 

colours of penninite . 

A X- ray ~ iffraction pa ttern of a specimen in which 

a ppreciable amount s of chlor ite a ccompanies minne s otaite 

i s given in Table 23 . 

(g) Tremol ite-Richterite 

Small pr i smatic to acic ul a r cry8t a l s of a mineral 

\;vh i ch :=; tro ngly re s embl es tremoli t e were obs erve n in 

sp ecimens of banAed irons tone obtai~e c'i from locali t ies 

away from intrus ive r'\yke s a n ') s i lls of r1. i abase . The f:e 

small crysta l s s how posit ive elonga tion , inclineo. extinc­

tio n ~/\C == ±.140) ann are biaxial ne gative (2Vi = large ) . 
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Table 23 . - X- ray diffraction pa t tern of Chlorite - beari.!?-.b 

Ro ck 

(Co-ra~iation. Only s tronge s t line s given . Magne t ite 
removei . Phil i ps X- ray diffrac tometer . Sp c . HH307.) 

Chlorite ­ Chloritebearing banded Quartz(Penninite) lVIinnesotaiteirons tone from A. S .T. >'L ...'i.S . T. M. Gruner approx . 350 CarlCar'l (1944a; p . 366)feet above 3- 0407II - 153Dolomite Pomfret 

1/1. 0 

9 . 56 
7.16 
4 . 77 
4 . 58 
4 . 25 
3 . 58 
3.34 
3 . 19 
2.79 
2. 74 
2.64 
2 .5 2 
2 . 45 
2 . 40 
2 . 28 
2 . 24 
2 . 20 
2.13 
2.10 
1 . 98 
1 . 91 
1 . 82 
1 . 67 
1.60 
1 . 54 

100 
30 
10 

5 
50 
20 

100 
40 

5 
10 
1 0 
40 
30 
10 
20 
15 
25 
20 
10 
1 5 

5 
40 
15 
15 
30 

7 . 20 100 

4.60 100 

3 . 54- 100 

2 . 81 70 

2. 54 100 

2 . 40 70 

70 

1 . 99 100 

1 . 81 50 
1 . 68 60 

1 . 52 100 

9.53 

4 . 77 

2.75 
2.65 
2 . 52 

2 . 40 

2. 22 

2 . 11 
2.01 
1 . 92 

1.66 
1 . 60 

1/11 

100 

10 

50 

5 
5 

20 

10 

10 

1 0 
10 
10 

10 
10 

4 . 26 80 

3.35 1 00 

2 . 46 60 

2 . 28 60 

2 . 13 50 

1 . 54 70 

A specimen in which many of the se crystals are found was 

analysed by means of X- rays af t er the extra ction of the 

magnetite . The X- ray anal ys i s is given in Table 24 

(HH318) . 

A s imilar mineral i s often foun~ in the ban~ed iron­

ptone near to or on the contacts of d i a bas e Rills and 

~yk e s . It i s foun 0 , for example 9 in relatively large 

amount s in specimens of banded irons tone from about one 

foot above t he to p of the uppermost ~ iabas e s ill in th e 

Pomfret area . The maximum ob ~'!e rved dimens ions of napal 

s ections of the amphibole average 0.09 mm. The crystal c, 

are present as irregular prisms. 

In a s p e cimen obta ined from near the contact of the 

r'habase s ill the mineral i s optically negative, 2VC£ is 

ab out 85 iegrees aw1 the extinction angletA c varies 

between 1 2 and 28 (\egrc e s (HH311) . The mineral is weakly 

pleochroic from oolourl es , to pale green . The t iniex of 
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t he alnph i bo l e 9 rl e t erminecl in s odium li ght? i s 1. 677 . Thesc 

o ptica l propertie s correspon~ b e Rt with t ha t of r ichterit e 

( ueer et a l 1 963 , p. 35 2) . Wh y a ctinoli t c rhd no t 
j --­

cry Rt a ll ize i n the se iron- rich rocks is no t clear . 

Tabl e 24 . - X-ray Analys i s of a T~ eIDoli te- eari n g Rock 

(Cobal t radiation . Magne tite r emov ed . Philips X- ray 
di ffrac tom eter. Spc . HH31 8J 

Tremolit e - Gramma t i te Tr eIDoli t e Quart zbeari ng rock (Trcmolit e) Comefero ..t" S . T. M. from a bout 500 Joham;son nnrl. Eitel Ca rdfE::e t above the 
(193 0 , p . 4J) (1951, p . 369) J - 0 407Dolomit e I omfret 

-i ~ 1/10 n. ~ 1/11 rl~ 1/11 

8 . 53 100 8 . 49 50 8 . 41 30 
4 . 55 1 0 4 . 52 50 4 . 50 20 
4 . 24 1 0 4 . 21 20 4 . 26 80 
3 . 40 10 3 . 38 50 J . J 8 20 
3 . 34 20 3 . 35 100 
3 .1 6 80 3 .1 3 100 3 .13 4-0 
2. 96 20 ·2 . 94­ 50 2.94 20 
2 . 84 20 2 . 80 50 2 . 80 20 
2 .73 40 2 . 71 100 2 . 71 40 
2 . 62 20 2 . 59 50 2 . 59 20 
2.54 20 2 .53 80 2 . 52 30 
2 . 36 20 2 . 33 50 2 · 33 20 
2 . 28 10 2 . 27 20 2 . 26 10 2 . 28 60 
2 .18 20 2 .1 6 50 2 .1 6 20 
2 . 05 10 2 . 04 20 
2 . 03 10 2 . 01 50 2 . 01 20 
1.72 1 0 1. 74 20 
1. 67 20 1. 65 50 1. 6~-) 20 
1. 62 20 1. 62 20 
1. 59 1 0 1. 58 50 1 . 57 20 
1· 52 20 1 . 51 50 1. 51 20 1. 54 70 
1. 49 30 1. 50 50 1. 50 20 
1. 46 4 0 1 . 44 8 0 1. 44 30 

(h) Acmi te 

Mi nerals of the pyroxe ne group are sel dom found in t he 

b a n ne i ro ns to nE:: wh ere the rock has not he en affec t er1 by 

t hermal metamorphi sm c au f~ er.1 by sub sequent empl acement of 

i n trusive r ock s . Al though the mineral is rarel y fouwl in 

the ps ro cks, pyroxene was observed in s pecimons which 

ori ginate d from 10ca1i tie s out~) ide the rma l-me t amorph i c 

aureol es . Rogers and Du Toit ( 1 90 8 , p . 87) ~escribe d a 

f a int pl e ochroic pyroxene from nc a r Prieska Poort i n the 

Sout he r n Region a n d no t ed that th o mineral has an e xtinc t io n 

angl e as h i gh a s 12 degrc8s . They cO rlclud ed t hat th e 

mine r a l belongp. to t he aegirine - augi t e group . 

TIu Toit (19 45 , p . 17 5) de s crib o~ acmit s i n t he ban~8d 

irons tone from Wes t erberg as wel l as fr om near Bui svl ei 

a n0 ramarkud tha t thi s mineral i s n ow known from a t l eaRt 
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s ix localities in the Lower Griquatown Be ~8 an~ that it s 

occurrence is a pparently restricted to a thin stratum in 

the bawl e d irons tone - E> uch a s might poss ibly ma rk a 

strati gra phi c a l hori zona 

Cilliers (1951, p . 30) did not ob s erve pyroxene in 

rocks ou t s ide metamorphic aureole s of intrus ive dykes a n i 

conclucle d tha t minerals s uch as biotit e ? grunerite, garnet 

and pyroxene a re not pre sent in the rocks of the Koegas ­

Prieska area . 

During the pres ent inves tigation a cmi te v\/a s foun c'l in 

thin pections ma~e of bore - hole core s from Westerber g (Q 2) 

a s well as in rock;-, which outcrop on Orange Vie w ( In) in 

the Southern Region . In both loca lities the spAcime ns 

inve s tigated ar c foun -; well belo'N th t~ thiek intrusive s i l l 

in this a rea and not near to di a bas e n.yk es . From ob s erv a­

tions ma le on Orange Vie w the pyroxene-bearing rock s a re 

re s tricted t o thin intercalations in the banded irons tone 

(HH511) • 

In the thin s ection2 inve stiga ted acmite is genera lly 

rc :"tricted to s e p a rat e . lamina E) in vi/hich tho acmi t o crysta l s 

are di s tinctly elonga t ed parall el to the b e dding. In thi n 

pection c u t perpend icul a r to the bedding of the rock , 

b a sal s ections of th e 'pyrox ene d isplay good cl e ava ges 

approximat ely a t r ight angl ec' to each other . 

The gra in size is variable, but grains me a ;-j uring, a s 

much a s 8 iTlIll X 1.5 mm a r e not uncomm on . In s pecime ns f r om 

Ora nge View ( Q3 ) thc crys t a l s a r e even l a rger , some me a s urin€ 

about o ne inch in l e ngth. Du Tcit (1 9 4- 5 , p . 175 ) iescribcd 

p ri s ms, u p to It i nch long, in outcrops on the boun~ ary 

be t'N ec n Bui s vloi ann Gcdul ~1 (For tion of rh d rlehvater, R] ) 0 

The a cmi tesh ow s n o or v cry f a.int pleochroi s m and h i gh 

birefringence . The op tic axial angl o , meEts ur e d with the 

Fenorow Stagc? var'ic o, from 54- to 62 f~ egre e s a nn the Gxtinc­

tion a nglE:! otic i s a bo u t 4- (J e gr (]8S Du 'roi t (1 94 5 ) report e d o 

the acrnite f r om Wes t erb e rg to h~ve the followi n g r e f r activG 

J.. == 1.765 - 1778

J.' = 1. 82

f -<-I.- == 0 . 055 

The 01.. ind ex vva s determin8(1 in SO rliu.ill light a nd a value 

of 1.780 wa s obtain8~. 

Tho rnin0r al inclu~e s idioblas tic ma gne tite crysta ls 

a nd appears to b e repla ced by both fibrou s riebeckite a nd 

f orri s tilpnomela ne . The replacement took plac e parall el 

to the prismatic clea vage of the Rcmi te (HH511 ) . Di s tort ocl 
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cl e avage f a ces 9 obs crved by Du Toit in acmit e from ncar 

Gc dul J ~ l e d him to conclude that the mine r al cry8 t alli s c ~ 

el uring the l a tc s t a gGf: of fOl rUng. He also found ;;need1c il 

crocidolite to p ene tra t e a cmite crys talloblas t s a nd co n­

clu~e d tha t th e crystalliza tion of riebeckitc took pl a c e 

B.t a hj_ gh e r gradc of mc tEUTIorphi sm than the a cmi to. The 

prc sent inve s tiga tion di d not s upply suffici e nt evi(lence 

to support thi s vi cw . 

( j ) Mu .s covi te 

A mine r a l i1. istinctly pleochroic in bri ght-green a n d 

y e llow was observe ~ in thin s ections ma de of bor e - cor e 

from We s terb erg (HH26 2) . Crys t a l s of the minera l h a v e a n 

avera ge l e ngth of 0 . 93 mm a n d a rc s cldom wieleI' than 0 .11 

mm . They a r e h aph a zardly iistr ibuted in a matrix of f e r ri­

stilpnomel a ne, accompanied by a cces sory ma gnetit e a n d ch ert. 

The mineral is biaxi a l ne ga tive with 2V pra cticall y 

zero~ it chows p a r allel cxtinction a n d h a s negat i v e el on­

ga tion. It h a s an excellent bas al cleavage . In view of 

the extra or cIina ry optical properties of the mineral a n 

X-ray a nalys i~3 , which prove d the mineral to b e muscovi t o , 

was carried out (Ta ble 25) . 

(k) Ri cb Gckite 

Hiebecki te i s found as s lcn:l er n e er'11cs up to 0.25 mm 

long, but s eldom more than 0.005 mm wide . VVhere separa te 

layers in the b a n ·i e n. irons tone 3.rc compo s ed chiefly of 

riebeck ite the rieheckitc needle s a re orient a ted at random 

and intimately interlocked (Plate XIII). I n many thin 

Aections the riebcckite neeile s radiat e from a core of 

magnetite or from a core compo s ed of a dense maGS of 

rieb Gcki te with the same optical orientation. In th e 

latter case the crYAt als are present as sh~~f-lik e aggre­

gates (Plate XX) . The magnetite from which nee'Ues of 

riebeckite radia te repre s ents the c e ntre of initial crys ­

tallization of the riebeckite because th e iron neces s ary 

for the formation of riebeck ite, wa s deriveri from iron-r ich 

centres . Several s t ages in the formation of riebecki t e 9 

in which ma gnetite p urticipated y can be ob s erved . In 

many places the nee~l es of riebeck ite radiate from idio­

blas tic crystals of magnetite whereas in other pla ces 

irregul a r gra ins of ma gneti te, oft e n only 3. v e ry minut e 

grain , remaineri in a d ens e mas s of riebcckite which 

displ a ys optical continuity (Plate XX, HH273). 

Riebeckite i s a l s o found a s prominent lath-sha ped 

crys t a ls which di s pl a y a strong clcavage p a rallel to the 
1 ~nsth of tha l a ths. Th e lath-sh a p<3 d c rys t a ls of ric:; beclcite 
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Table 25 . - X- ray Ana~s of Bri ght - grecn Mus covite in 

Banded Ironstone f rom Westerb er g 

(Cobal t r ad i a tion. ll L~ mm . X- ray camera . HH2(2) 

Mus c ovit e Mu c; c ov i t e Br i ght gr een NGgel s chmi tl t Smith and Yo ier mus covit e (1937, p . 516) (1956 9 p . 230) 
O 

"A.1 

10 . 06 100 9 . 98 s 10 . 08 VS 

4 . 96 5 5. 0 s 5. 04 IN 

4 .51 80 4. 49 s 4 . 49 
4 . 3f) 
4 . 16 

5 
5 

4 . 35 
4 .1 2 

w 
V'iV 

3 . 90 10 3. 91 w 
3.76 10 3· 73 w 3 . 66 m 
3. 49 15 3. 50 m 
3. 33 100 3 . 33 vs 3.36 vs 
3. 23 20 3. 20 m 
2. 99 20 3. 00 m 3 . 07 m 
~~ . 88 20 2. 88 In 2. 93 vw 
2. 79 20 2 . 80 m 2. 69 vw 
2 . 58 80 2. 57 vs 2. 56 
2. 53 5 2.475 '.Nb 2. 55 w 
2. 40 80 2. 385 m 

2. 25 
2 .13 

5 
25 

2. 28 \ 
2 .19 
2. 134 

ill 

s 

s 
V 8 

l,v 

= 
= 
= 

s tr ong 
very f" tro ng 
weak 

1 .995 
1 .66 

1 5 
25 

1.995 
1 . 65 

V 8 

wb 
vw 
m 

= 
= 

very 'Heak 
me dium c: tr on 

1 . 62 5 wb = weak an~ broa4 
1 . 56 
1 . 52 

5 
25 

1.54b 
1.523 

V'i\i 

vw 
= ed ges 

line 
of broa d 

a r 8 commonly arrang:; d pa r allcl to th8 b c~d c1 ing of t h ,; band :::d 
iro ns t on2 and is alm,. st i nvar i ably f ounCt wi thj_n or next to 

magn'etiiB ~. Theffil9.th- phaped crystal s are frequently incl ined 

t o th e b ed~ in g , the crys tals ~ if of l a r ge dimensio ns , then 

grew across one or more Luninae of different mineral 

c ompos ition . The l a t h- sh ap ed r iebe ckite crystals commonly 

include grains an~ crysta l s of magneti t e in poik il obalst ic 

manner, v'Ihich sugge f' t e tha t t he riebe cki t e crys t alli s cd 

later t han t he magnetite (Plat e XIV? HH29 5) . 

Crys t al s of needle- like ri eb e ck ite or ma ss - f i brc cro­

cidolitc which a r e founn. adjac en t to ma gne tite l aminae 

a r c often curved a r ound ma gnetit e crys t a l s in such a wa y 

as t o cmggcs t s imul t a neous crys talli zation of magne ti t e 

and massive ri ebe ckite and t he c ontinua t i on of t he crys ­

talliza tion of magneti t e after the cry s t allization of the 

r i ebe ckit e (Plat e XV). Th e l a rger crys tal s of riebeck ite 

arc ~ trongly pleo chroic in rlar k - bl ue a n rl gre en- blue , but 

in the very s l enier noe~les ple ochroi sm i s se ldom ~ i s ti nc t. 

Separati on of in~ivi ~ual crys t a l s of rieb c cki tc for 

opti cal r'l ot crmi n& ti ons i s extremely '1 iff i cul t . Ma rk cdly 

elongated l a t h - s ha ped crysta l s occurr ing in a cross- fibre 
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habit like crocidolite, were obtained from the Cairn Brae 

a s be ptos mine (S4), Southern Region and these crys t a l s s how 

the following optica l properties 7 Cletermined in s odium and 

ordipflry light ~ 

2V! = Large Ct.800) Extinction~ Parallel 

d...= 1.688 Elongation~ Negative 
(Length fast) 

Pleochroism~ dv Blue 

Pale-blue to colourless 

(1) Crocidolite 

The crocidolite is a typical cross-fi~re asbestos 

with a compo s ition similar to that of riebeckite (Table 36) . 
The hair-like fibre s are extremely fine and even unier 

very high ma gnification the fibre8 still appear as ~unol es , 

The crocidolite fibre s are elongate1 parallel to the 

c-crystallographic axes and are commonly orientated in 

fibre bunnIes. Owing to the ftneness of the fibres it i s 

not pos s ible to 1etermine the optical propertie s of inrl-> ­

vidual crys tals, but because small bundles of crocidoli t e 

are commonly in optica l continuity cert a in optical me aS UT8 ­

ment s on such tun11es a re pos s ible. 

The elongation of crocidolit e fibres not affe cte d o y 

thermal me t amorphism c a us ed by the intrusion of diatJaf"D. 

dykes and sills 0::-- by weathering i s invariably negativ Gc 

Crocidolite which i s eve n s li ghtly affect e d by the he a t 

from later intrusions is positivel y elongat e d, and the 

colour of the fibre s is changed to pale green or black 

(HH50l, 53). Even slight alteration under thermal-metamor­

phic connitions therefore affects the optical properti es 

of the crocidolite. 

Fr ::lnkel (195.3 7 p. 78) reported positively e longated 

fibres amongst nega tively elongated crocidolite fibres in 

specimens from a number of localities in the Northern Re gion 

and pointed out that the pos itively elongated fi~re s h a v e 

paler a nd different pleochroic colours. He conclude d t hat 

unl e ,ss these fibres are amo s i te they must h a ve un-Jergone 

alteration sufficient to induce differe nt optica l proper t ies. 

He does not elaborate on the conditions which are re s pofr­

s ible for the alteration. 

In the pre s ent study it was found tha t at various 

localities ann from niffe r e nt asbestos-bearing zones th~ 

optical properties of crocidolite from below the level 

of oxiriation (Uffer qui te appreciably with rega rd to th e 

refractive indices, but the hair-like crystals are always 
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negatively elongaten. (length fast). The optic axial angle 

is always large, in excess of 70 degrees anti the pleo­

chroism is very similar in the different specimens inves­

tigatcrl. 

The value foro'-- differs only slightly in eleven of 

the twelve specimens of crocinolite on which determina tions 

of the refractive indices were carried out (Table 26). 

In a I=!pecimen from Fomfret (Table 26, I) tJ-:1e value for~ 

is relatively low compare1 with the values obtained on the 

remaining s pecimens. A chemical analysis of the same 

material from which thi s specimen was taken s hows that 

the crocidolite contains 6.23% Al203 (Analysis I) compared 

with an Al203-content which ranges from 0.38 to 4.75 per 

cent in the remaining eleven samples (Table 36). The value 

for&.c in Specimen No. I leans towards that of crossi te 

which has an intermediate compos ition in the glaucophane­

riebeckite series (Winchell, 1956, p. 441). The difference 
in refractive indices could therefore probably be attributerl 

to the amount of aluminium present in the compos ition of 

the crocidolite. 

Table 26. - The o£tical pro£erties of crocidolite from 

the Northern Cape Province 

(Refractive indices deterrr.ined in sodium light) 

Specimen Ploochroism
2Vr ~ .Iv~cnumber* X Z' ~±0.0052 

I Large 1.669 0°-7° Blue-green Purple-black 
III :i 1.686 00 _2 0 Blue-green Blue-grey 
IV 1.696 Blue-green Yello\~-gre e n" 00 

IIV 1.693 0 0 -2 0 Blue-green ::BluG-violet 
ItVI 1.690 0° Blue-green Blue-black 
II 00VII 1.691 Blue-green Yellow-green 
IIVIII 1.694 0 0 -2 0 Blue-green Yellow-green 

IX II 1.689 0°-3° ::Bl ue- gr een Yellow-gree n 
IIX 1.680 0° Blue-green Yellow-gre en 
II 0 0XI 1.694 Blue Yellow-gree n 

XII II 1.693 0° Blue Yellow-green 
11 00XIV 1.688 ::Blue-green Green-yellow 

*The s pecimen numbers in Table 26 corres-pond with the 
numbers of samples analysen chemically (Table 35). 

(m) Pyrite 

Well-formed crystals of pyrite are foun d chiefly in 
the lower portion of the Banded Ironstone Substage in the 
Southern Area anrt are associated with thin intercalati ons 
of pyroclastic ma terial in the banded ironstone. The 

pyri te not associateri \{v i th the pyroclastic material i s 

commonly intimately associated with mass-fibre riebeckit c.: . 
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In the l a tter asso cia tion the crys t al s of pyrite ar e 

di sc::<em j_na tecJ. in the s eams of rna ssive riebecki t e but more 

c ommonly they a r e a r r a nged along ~ 8fi nit e s treak s paral l:l 

to the bedding of th e bflnrl.ed i ro ns t one. Segr egati ons of 

l Qrge pyri to crystal s j meas uri ng up to a ,if inch in diamct c: ', 

are especially concentrate d a l ong the low ermos t por ti ons 

of S8am~ of mass ive riebe ckit e in t he bani ed ironstone 

(HH518) • 
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V. Thermal Metamorphic Effects on Crocidolite 

Cro cid'oli te fibres affected by thermal metamorphism 

caused by tbe intrusion of mafic dykes a nd diabase sills 

generally exhibit different colours than ordinary croci­

dolite. It would appear that under very slight metamorphic 

alteration the fibre bun~les turn to a n ash-grey to 

slightly silvery colour 9 but still r e tain some of their 

flexibility (HH53). Unde r more intense thermal metamorphic 

conr"litions the fibre changes to a greenish to almost black 

colour ani becomes progressively more brittle as the colour 

becomes (jarker (HHl64, HH501). Such thermally altereil 

crocidolite fibres are cha racterised by being elongated 

pos itivsly and by the fact that they become optically 

negative (Table 27). 

Table 27. - Q,£.tical I?roij2erties of thermally al tered 

crocirloli te 

(Refract i ve indice s determi~e'dtJon sodium light) 

Specimen 
2V~ 	

Pleochroism,r I/\Cnumber 	 x z
C.t>boo..ill-. 

I Large 1.676 0' Yellovl-green Blue-green 
11II 1.667 0 Pale-yellow Yellow 

III II 1.674 0 Pale-yello1N Pale-blue 
11IV 	 1.662 0 Pale-green Yellow-green 

I 	 Altered crocidolite from closely above an intrusive 
diabas8 sill on Erfrust, Hay District. 

II 	 Crocidolite from same asbes tos zone as specimen I 
on Kameelfontcin, Hay District. 

III 	Crocidolite from contact of dolerite dyke in the 
Riries, Kuruman District (analysis, Table 28). 

IV 	 Crocidolite from immed i a tely above a di abape sill on 
Groenwa ter, Postmasburg Di strict. 

The refractive indices of the thermally altered cro­
cidolite are as a rule smaller than for ordinary croci­

dolite (Table 27), an0 fall within the range given for 

anthophyllite (Winchell, 1955, p. 439 9 De er, et §l, 196 3 , 
p. 211). The size of th e optic axial angle and the 

parallel extinction corresponn with that of anthopyllitu 

and. riebecki teo The optic s ign is negative awl therefor e 

differs from that of ordinary riebeckite, but corresponds 

with that of magnesium- rich varieties of a nthophyllite. 
However , the mineral i s pleochrOic a nd according to the 

chemical composition of the thermally altered crocidolit e 

(Table 28) it contains only a small amount of magnesium 
and is rich in both ferrous a nd ferric iron. 
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The chief difference be tween the chemi cal composition 
of thermally alt ered crocidolite and ordinary crocidolite 

is nispl ayed in the amount of molecular water. In the 

altered crocidolite the H20+-content is 1.69 per cent 

(Table 28) compare~ with an average of 3.03 per cent and 

a range of 2.02 to 3.84 per cent for crocidolite (Table ~5j 

Analyses I to VIII and X). 

==T=a=b=1=e:::::::2=~. -. Th~ Chemical comEosi tion and the unit-cell 

..f.9:rm~.. of thermall;y metamorEhosed crocidoli te on 

contact of diabase dyke, Riries (11) Kuruman District 

Number ofWeightOxide anions on theper cent basis 24(0+OH) 

Si02 48.00 Si+ 4 = 7.438 

Al2 03 3~60 Al+3 :::: 0.657 

Fe203 18.28 Fe+3 = 2.131 
FeO 18.14 Fe+ 2 = 2.351 

MgO 4.51 Mg+2 = 1.042 

CaO 1.-3~ Ca+ 2 = 0.100 

Na20 3.13 Na = 0.940 

K20 0.21 K = 0.042 


Ti+4
Ti02 0.37 :::: 0.04l. 


P205 0.00 Total 14.744 

MnO 0.00 

CO2 0.60 

H2O+ 1.69 
 = 22.253 

H20- 0.3~ 
 1.747 

Total 100.15 24.00 


Si = 7.438 Mg :::: 0.6628.00 

Al = 0.562 Ca = 0.100 
 1.744 

Na = 0.940Al = 0.095 

Fe+ 3 K = 0.042
= 2.131 

IvTg :::: 1.038 5.00 0 =22.253 
 24
Ti :::: 0 . 043 OR :::: 1.747 

Fe+ 2 

= 2.351 


Unit ..cel1 formula. 

(Ca, N, K~ Mg)l. 744 (Mg, Fe+ 2 , Fe+3 , Ti, Al) 5.00 

1:( 0 . 2 5 OHl • 7 5 ) / ( S i , Al)8 022J 
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Hodgs on 9 et al (19 64 ~ po 8) i'OLlnrl that when croci :) 0­

lite is h eated in Q neutra l atmosphere the fibres 10050 

their lus tre an~ the tensile s trength de creases at a bout 

200 0 e; at a bout 500
0e t he colour f ades to a ~reyi sh blue. 

When hEated in nn oxidizi ng atmosphere to 300°C the c olour 

an~ the tens ile strength undergo simil ar changes. At 330°C 

to 550 0C the colour changes to a deep brown (Hodgson~ et al, 
p . 1 8) . X- ray ana lyses carr i ed out by Ho~gson and co- wor­

kers on tho de compositi on products of crocidolite heat c~ in 

an oxidizing a trc.o s pherc; showed t hat an oxyamphibole 

(referred to as oxyriebecki t e) is f ormed at t emperatures 

bet'Noen L~OOoC anrl 790 0C. Above 840 0C tho cry.s talline 

~ecomp08ition products inclu~8 pyroxene , ?pi nel , cri s to­

b,11i tc and h mati teo The X-ray r8s ul ts shovverl. tha. t the 

oxyamphi bole has s li ghtly smaller paro.meters than the 

unoxi~ized material , but othcrwis the pat t ern ob t ained i s 

closely s imilar t o that of crocidolitc . 

The change in the colour of crocidolite when heated 

in nCLJ.tral or oxicl.iz ing atmospheres is much the same as 

the colour changes founi! in crocidoltte which i ,e; thermally 

me t amor phosed to different degrees . The colour cha n ges 

from ash- gray through grecDi s h-brown to a lmas t black, wi th 

an increase in ·the degree of thCrlTUll metamorphism . The 

chemica l compc)p iti on of (, raND-bl ack metamorphosed cY'oci ­

doli t e if'; given tn Table 28 . The c a lculater:! c:J.tion pro­

pOY'tions according t o tho chemical composition of the 

mineral a rc provi ded (Table 28) and show that the composi­

tion of the mineral fits f airly woll i nto th e amphibole 

formul a . 

Intensely a ltered crocidolite was found directly on 

the contact of a tra nsgress ive diabase sill in the Ow endale 

No . 1 Mino , Owendale (M2), P ostma s burg District. The cro­

cidolite in thi~ specimen is almos t completely a lt ered to 

quartz (HH526) . Other minerals a"s"oc i a t ed with the 

intensely a l tered crocidolite are m.:;.gncti te, micro­

crystalline quartz, secon~ary calcit e and probably talc. 

An X- r ecy '~iffraction pattern of the thermally a l t8rc d 

crocidolite is provi ded in Table 29 where the d- values a re 

compared with those of ordinary crocidelite from the 

i mmed i ate vicinity and of anthopyllit e. Th e X-ray pat torn 

of th altered crocidolite is h a rdly di ff erent from that 

of crocidolite, but di ff ers appreC i ably f rom that of 

anthopyllite . 
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Sa l otti 9croci(lolt te 
n· . Min . 47 ,nlrlCS 

p . 1061Kuruman Distrtct 
----- -----.­

dA0 
1/10 r11l 

Table 29 . - X- ray ~ iffraction pattern of Crocidolite 

IVIGtamorp,hosed by ('[o l eri te dyke Riries , Kurwnan Ili s trtct 

(Cobal t radtation~ 57 . 3 mra . X-ray camera. HH164) 

Thermally Anthophyllitemetaworphof:erl Crocidolite 

8 . !U 100 8 . 24 
4 . 90 10 5.01 
4 . 53 20 4· . 45 
t1r . 27 10 4 .1 2 
3 . 89 10 3 . 88 
3 . 42 20 3 . 64­
3 . 35 80 3 .3 5 
3 . 27 10 3.22 
3 .11 40 3.05 
2. 97 20 2 . 87 
2 . 79 10 2 . 75 
2 . 73 60 2.67 
2 . 60 20 2 . 57 
2 . 53 60 2 . 55 
2 . 45 10 2.50 
2 . 32 10 2.32 
2 . 26 10 2 . 28 
2 .17 10 2.16 
2 .1 0 10 2.14 

-----­--_.-

il.mor . El ,l oret ,
1962 , KUTWllan Distrtct 

1/11 (11l 1/1 0 
.----. -------­

100 8 . 4·2 100 
16 4 . 89 20 
21 4. 52 40 
1 2 
14 3.89 10 
21 3 . Lt2 4·0 
35 
70 3. 26 20 
85 3.11 70 
18 2 . 97 10 
20 2 . 79 10 
37 2 . 72 80 
40 2 . 60 40 
38 2 . 53 60 
36 
17 2 . 32 20 
17 2 . 26 20 
17 2 .17 20 
19 2. 08 10 
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VI . Layers of pyroclastic material 

Reference has been made to the numerous thin dark 

layers which are f ound interc a lated in the banded iron­

stone and which are I;spe cially numerous i1.1 the asbestos ­

bearing zones of the area . These layers, generally refer­

red in the mine s to as "mudstone II or II siltstone " and in 

drill-core often as iI shale " , are commonly used as 1Vlarker­

beds in t he mines . Because of their unique mineralogic(J,l 

composition and their characteristic textural feature s 

these layers are given special attention . 

The layers range in thickness from less than one 

quarter inch to a maximum observed thicl-mess of two feet . 

In bore-hole s more than 10 feet of I shale" were intersecte do 

The rock in unaltered layers is lightly greenish 

in colour, for eXamI)le the "Khakill a nd il in the \!Vhitellank 

mine, but most of the 1 8,yers have a green- 1l1ack to p i tch­

black colour and a r e extremely f ine-gra ined. Where 

exposed in mine-workings the unweathered ma terial is pre ­

sent as massive, brittle l aye rs with a subconchoidal 

fracture . Near the surfac e they are weathe r ed to r edd ish 

limonitic clay or to a pal e -green nontroni t ic claystone . 

The dark colour of the unweat hered material i s mainly 

due to the fine ·-grained texture of the mate rial 1dhich is 

commonly composed almost entirely of yellov'f- green farrostil ­

pnomelane or brown to black ferristilpnome l ane . Accessory 

minerals a r e magnetite, riebeckite, chert and carbonate 

( HE 167) . 

We ll p re serv ed shards have been observed in thin 

sections made of s ome of t he layers . The shards are ac ­

tually represented by stil:pnomclane pseudomorIJhs after 

shards. Only the large r shard structures appear to be 

preserved~ th(2 smalle r shards had their identity de ­

stroyed by the spheruliti.c crystallisation chi efly of 

stilpnomclane . The shards are often aC 8 0mpanied by elon~ 

gated axiolitic st ructures. Th<:: axiolit es consist chi(.;f­

ly of minute needles of ferrostilpnomelane oriented at 

right angles to a med i an axis (Plate XVIy HH 148) . 

Several specimens from the dark bands were invest i ga­

ted by means of X-ray diffraction in the Geological Survey 

l ab oratory and most of them are composed chiefly of stil­

p nomelane. Many of the specimens treat ed show only a fe~ 

peaks on the X-ray' dtffr ::.lCt ion pattern whic h 3Ugg(';st t h a t 

much of the minute isotropic grains in the matr ix of 

stilpnomelane repres ent volc a nic gl ass . 
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The needle s of st ilpnome lane have an average length 

of 0.02 mm and are generally less than 0 .003 mm wide . 

They grow in minute sph:;ruli tos and form a yellowish­

gr een felt -like mat rix. 

St i lpnomelane i n assoc i ation with pyr ite, chlorit e , 

albite a nd quartz has be 2n r eported in metamo r phosed 

schistose pyrocla stic rocks from the Omi Distric t , Japa n 

(B anno 1958) . So ki (1958) r e ported st i lpnome lane in met a ­

morphosed r ocks de rived from maf i c pyroclast i c a nd igneous 

rocks from the Ka nto Mount a ins , Central Japan . Intero s ­

ting Fibout the latter occur rence of stilpnomelane i s 

it s assoc iation with soda- amphibole s, chie fly glaucophane 

but also magnes i oriebcckite and riebeckit8 . (Sek i 1958, 

p . 240). 

In a recent publication by La Be rge (1966a) atten­

tion is drawn to the occurrence of altered pyroclastic 

rocks, now composed a lmost ent i re l y of ferrostilpnomelane , 

a nd which are found intercalated i n the banc1l~d ironstone 

of the Hamersley Range, Western Austra lia. According 

to La Berge the pyroclastic l a ye rs (locally c alled bla ck 

shales) are common in at least t he low e r 1,000 f e at of 

the Brockma n Iron-Forma tion in the Wittenoom Gorge a r ea 

of the Hamersle y Ran ge . Thc;ir presence indicate tha t 

several periods of volc anism took pla c e during the se di ­

ment a ry history of the iron- fo r mation (p. 149). 

The s ame auth or (196 60 ) sub s(c;qu ,; ntly published 

a paper on pyrocla s t ic rocks in South African iron­

stone s. In this p<tpe r at tentton is a 1 ;::,0 drmvn to :pyro ­

clastic layers, composed dominantly of stilpnomela nc , 
~ 

which are prese nt in the Pretori a Seri e 8 . ", 

The chemic a l composition of one of the tuffaceous 

bands inte rc alated in the -b anded ironstone is provide d 

in 'I' ab l e 30 (Analysi s 1) . A study of thin sections of 

this particula r specimen show that the st ilpnomelane in 

t he rock is almost ent:L r e l y the ferrosti1pnome l ane V,':1Tt3ty . 

Wlinute grains of chert , riebeckite and magnetite a nd. t in:? 

flakes of chlorit e we re also ob s erved in thin sections 

of the spe cimen. 

* The investigation of which the r esults are presente d i n 

this paper was c a rrie d ou t and the present pape r was pr e -

1")ar ed before the appear a.nc e of Dr. La Borge ' s paper . 
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Table 30 . - Chemical composition of stilpnomelanG ­

bea ring tuffaceous rock from Riries Asbestos Mi ne 

and of fGrrostilpnomelane 

I II III IV V 

Si02 41.65 40 . 4 44 . 40 44 . 77 4-8 . 03 

A1203 6.92 9 . 9 6.')'­ 6 . 32 6 . 48 

Fe203 8 . 93 3 . 9 3 . 2 20 . 79 4 .12 

FeO 22 . 37 26 . 9 23 . 6 12.83 22 . 8E3 

MgO 7 . 36 7 . 8 7.60 4 .01 4 . 94 

CaO 0 . 55 0 .1 n •. d. 0 .10 0 . 83 

Na20 

K 0 2 
H 0+ 

2 
H2O 

CO 2 
Ti0 2 

P20 5 
MnO 

0.51 

3 . 4-7 

5 . 97 

1.10 

0.00 

0.41 

0.72 

0.05 

0.1 

7 . 20 

4 . 68 

0.46 

n.d . 

0 .1 

0.03 

0.40 

0 . 56 

3 . 3 

6 . 15 

3 .0 

n •.d. 

;" .,n •. d. 

< n •.d. 

') . 04­

0 . 07 

3.31 

5. 6/t 
1 .9 6 

n . d. 

O.O<L 

n.d. 

0. 21 

Nil 

0 . 83 

6 . 90 

2 . 64 

n . d . 

0 . 23 

n.d. 

2 . 67 

Total 100.01 
~--

101. 97 
---­
97 . 65 100.05 100.55 

I. Ferrostilpnomclane from tuffaceous layer, Second 

Lower As'oestos Zone, Second Cut, Hanging- wall 

MarkG r 9 Riries r.;Iine, T,r
AU ruman District . Ana­

lysts E.C" Hauman n.nd J . F. Dry j Soils Research 

Institute . 

II. F8rrostilpnomclanc fror~ near Koegas, South Afri­

c a . Reported by La Berge (1966b 9 p . 580) . 

III . Ferrostilpnomelane from the Hamersley Range, 

Australia . Reported by La Berge (1966, p . 159). 

IV . St ilpnome lane from t h(; Me sabi Ra nge 9 lYIinnc so t2c o 

Reported. by Gruner (1937 j p. 913). 

V. Ferrostilpnomelane frOD Western Otago, New 

Ze a l and. Reported by Hutton (1938, p . 184). 

At the Koretsi South Mine (Hl) a number of clo sely 

spaced seams of pyroclastic material yielded on r e crys­

tallization a peculiar fibrous miDf--:ra1. The seams r ango 

from l ess than a quarter inch to just over one inch in 

thj.ckness and recryst a llization of the material in them 

is r estricted to loc a l areas of int;nse folding . T1:18 

fibrous crystals are shiny and. dark when fresh and g r ow 

at riGht angl es to the b 8dding of the: enclosing r ock 

(Plate; XXII). On exposure they rapidly ch G.ngc colour 
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from black to yellow- green (RB 356) . 

The fibrous crysta ls often atta.in lengths exce sdine; 

1 mm and are arranged paralle l to one another . In thin 

section the mineral appears fibrous in some portions of 

the section and flaky in other spots. In crushed powders 

of the material the crys t a l s a re commonly well elongated 

parallel to t . 
In thin section the fibres are yellow- grean to dark 

green and fairly strongly pleochroic in yellow-grc Gn 

( f) and Olive - green ( t ) . Optici:ll figures 3.r8 as a 

rule very poor~ but in some of the larger flaky portions 

the mineral is biaxial negative with 2V·-x... large . Thc; 

~ineral displays strong birefringence and has apparently 

only one strong cleavage directionwithoC approximat e ly 

perpendicular thereto . rrhe following refractive indi ~e;::~ 

of the miner31 \tve 1'8 d_e terrnine d in sodium light ~ 
1. 612 (fO.OOS) 

1. 646 (±o .oos)0== 
The che mic a l composition of t h e fibrous material 

obtained from a seam approximately l i . inch thick is 

giv(~n in Table 31 . Microscopic studies of thin sections 

shmved that the materiel l analysed i s probably cont amina ­

ted with interstitial goe thite and silica . 

The ohem ic a l compos ition of the material given 

in I'able 31 and the opticQl properties determined on the 

fibres correspond closely with that of morencitc 1 a 

fibrous hydrated ferric silicate first described by 

Lindgren and Hillebr~nd (190 4) and l ater by Larse n and 

St e i ge r (19 28) . 

An X- ray analysis of the fibrous material was c ar­

rie d out by the Cer'J..mic Unit of the C. s. 10 R. a nd the 

follovving 1'0 suIt s vdere obt::1ined: 

(i ) An X-rel Y diffraction pCLttorn of rm orientated 

section shQll\.'s tvlO peaks; a strong one ::It 

9 . 75 R and a weaker one at 10.77 R. 
(ii) 	 The orient ' ~ted section tre;::l.ted with glycol g'lv o 

a strong pe Clk D.t 17. 31 S?_C].nd a. second arde r 

peak a t 8 . 73 R. 
( iii) An orient ated section heqted for one hour at 

500 0 C gave a sharp peak at 9.688 R. 
( iV) The oTient:l"ted section tr8Rted Vii th MgCl",c:. a nd 

the n -'N i th glycerol gnvc a w211-dcfincd peak 

a t 18.39 Rand a second order peak a t 9.32 R. 
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Tablc 31. - Chemical composition of a fibrous 

miner8-1 

I 	 II 

Si0	 48 . 55 45.7~-2 
A1 0 0.00 1. 982 3 
Fe 0 31.02 29 . 68 2 3 
FeO 2 . 50 0 . 83 

MgO 2 . 90 3 . 9 9 
1 r)oCa O . L:J 1. 61 

Na20 0.16 0.10 

K20 0 . 03 0 . 20 

H20+ 7 . 06 5 . 08 

H2O 5. 76 S. S(~ 

no 0.00 	 n.d .\.! 2 
m-oJ_l 2 	 0.14 tr . 

0.11\- O.lSP20 5 
Cl 0 . 22 n . d . 

F 0 . 00 n . d . 

--
1i"~ 

c~ 
S2 nod . 0 . 62 

MnO 0 . 61 tr o 

I . 	 Fibrous Tn1,terictl in se :,X;1 c, f r e cry s t a lliz e d 

pyrocla stic mate ria l from Kor ctsi South 

~.hne) Kurum':m Distric t . 

AmJlyst s j E . C . H'-J,urnrmn &: J. F. Dry, So il 

Rese a rc h I n s titute . 

II . Mor encite fr om Arizon~ . An~lys t WoF. Hille ­

6) • 

(v) An orientn:ted secti on t r eated with lIfigC12 

only g ave a fairly \Ne ll- defined pe:lJc a t 9 . 86 
Q
I\... • 

According t o the X- ray a n a lysi s the miner~l is not 

nontronite as a nticipated before tho X- r 8,y a nd the mi ­

croscopic'),l investiga tion were c arried aut o According 

to the chemic ;:} l c omposit ion provided in Trlble 31 a nd 

the r efractive indices of the minera l it is tent a tive ly 

detcnnined as morencite until furt h8 r de taile d work 

is done in colla boration with the Ceram ic Unit of the 

C.S . I . R. From the c hem ic ~l a n a ly s is it is clear that 

the mine r::tl i s a hydrated f err'ic silic a,te a nd prob 'lbly 

clos e ly related to nontronit c . 
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The mode of occurrence of the morencite is of 

i mpo rt ance . It is found as fibres perpendicular to the 

bedding of the host - rock, similar to the mode of 

occurrence of cros s - fibre crocidolite and) more impor­

tant, it is found only in restricted localities which 

were intensely folded . 
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VII. Chemistry of the Bande d Ironsto ne 

Chem ica l a n a lys es were c a rri e d out on bore -c or Gs 

of bqnded ironstone a nd associate d rock-typos from 

three different l oc n,lit ies in the Northe rn Cape . All 

t he specimens from which samples f or this purpose we 1''-; 

t Clken c a me from rocks belovv t he zone of oxidat ion. Bulk 

samples were obt a ine d hy cu t ting thin s lic e s from eac h 

piece of aV.'li l a ble core a t right 8.ngles t o the b edding . 

Core s with approx i mat e ly similar mineralogic ~l compo­

s ition and simi l a r in texture were ground toge the r a n d 

the pulps were thoroughly mixe d. Th e 1' 0 sult s o f 1 4 nO'i\! 

chemic a l a n a lyses of banded ir on s tone , iron-poo r 

j aspe r, rninneso t a i te sla te a nd carbonqte -rich inte rc a l a ­

tions in the banded ironstone a r e g iven in Tab l e 32 . 

( a) Te nor of Iron 

On the ::3,ver 2.ge the tenor of iron in nine s ample Si of 

bfmded ironstone obtcdn e cl from differe nt loc alities in 

the r egio n is 30.34 pe r cent, ::md r a n ge s from 24 .63 to 

3 4 .33 pC I' c e nt (Tab l e 32 , Analyses III to IX). The 

c on tent of meta llic iron in minnesot a ite-slate of th e 

Westerberg Beds which succeed the Banded Ironsto ne Sub­

stage in the Sou t h e rn Region i s n early the same , viz. 

29.09 pe r c ent (,rable 32 , Analyses I a nd II). Although 

the t eno r of iron in the s l g,te correspond s r emarkably 

well with th~lt in the b a nded irons t o ne thore is a con­

spicuous diff e r e nc e in the mineral ogic a l composition of 

the two rock-types . Magne tit e i s sporadically found in 

the slate in c ont r ast with the genera l pr ose nce a nd 

abunda nc e of the min e r a l in the bande d ironstone . The 

amount of magnetite in the two r ock-type s i s th e refore 

n ot related to the amount of iron in them . It is a ls o 

of int e rest to note that the m0.gnetite-poor s l a t e has an 

a verage FeO-content of 33.65 per c ant (Table 321 Analy­

ses I a nd II) compa r e d with a n ave r age of only 20 .10 

per c ent in the magnetite-rich b a nded ironstone (rr able 

321 J\..nalyses III to XI). The amount of FeO in the 

c ompos ition of the banded ironstone and the r e late d 

r oc ks i s the r e fore not an indicFlti on of the amount of 

magnet it e in these rocks . 

The t e nor of iron in the b a nded ironst one p rope r i s 

r emarkably const ant in samples d e rive d from diffe r e n t 

str8,tigraphic a l heights at the same loc :],lity a nd nl s!") in 

samples obtained from widely distributed l oc a lities . Th e 

c ont e nt of me t a llic iron in the b a nd.ed ironstone over :). 
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vertical thickness of some 2 ,000 f eet a t Wes~erberg 

(T a ble 32 , Analyses III to VIII) r a nges from 25 .71 to 

3 4- . 33 pe r cent. The cl,vc r age iron-c onte nt of the b s,nded 

ironstone at this loc a lity is 30 . 74- pe r c ent compar ed 

with 28 .87 per cent at Both~ (M2) ~nd 30 . 82 pe r cent 

c1t P omfr e t (B4-) loc ate d appr oximate ly 100 and 260 mile s 

re spectively from Weste rb e r g . 

TINO sample s of magne ti te-poor banded che rt obtained 

fr om interc a l a tions in the o:'l,nded ironstone fr om betwee n 

15 a nd 370 f eet above t he Dol omite (Table 32, .Analyses 

XII and XIII), have a n a verage c ontent of metallic i r on 

of 14-.53 pe r cent a nd an a ver'lge Fe 20 -c ont cnt of on ly
3

1.68 per cent. The conspicuous difference i n the iron­

c ontent of b anded j aspe r a nd b a nd e d ironstone in which 

the jasper is interc :'ll ated has a n i mporta nt bearing 

on the orig in of the rocks c oncerned. . The iron-po or 

l aye r s of chert r each a thickness of up to 4-0 f ee t a nd 

differ chiefly from the banded ironstone in mineralogical 

composition with respect to a deficiency or tota l 

a bs e nc e o f magnetite . If the thinly b e dded D'tture of 

the e nclos ing b a nded ironstone i s to.ken int o c onside r ,J, ­

ti on, there mus t h a ve be em quite l on g pe riods during 

which either no iron was a'nlilable or the conditio ns f"r 

t he depo si t i c:n of iron we r o not f ~wourable . Ne i t he r of 

these possibilities is strictly r econcilab l e with the 

hypotheses that the iron was derived f r om the 'w8atherin{s 

of continent a l r oc ks. 

The distribution of iron in the banded i r onstone 

a nd the associated r ocks fr om diffe r e nt l oc a lities is 

shown in Figure 10. The gr aph shews t hat the tenor of 

iron in the b ande d ironstone as well as in the minneso­

tCli te - s l a t e (lowe r portion of thG Wei3te rberg Beds) i s 

remarkably uniforEl; (Analyses I to XI ); in the int c~ r­

calations of banded j aspe r it is much 1 0W(3 r (Analyses 

XII a nd XIII) than in the b anded ironstone and in inter­

c a l at i ons of calc a re ous r ocks the iron-content is 

still very much l ower (1l.nalysls XIV). 

(b) Silicon 

The b a nded ironstone and most of the related r ock­

types a r e cha r a cte rized b y a high c onte nt of silica . 

Silica is c ont a ins d in che rt and/or microcryst ,llline 

.quartz in the banded ironstone a nd in the int e rc a Llted 

layers of b anded jasper . The a v e r age cont e nt of Si0 2 
in the b 8.nded ironston e i s 4-0.70 per c e nt, a nd it r anges 

fr oTI: 35 . 20 to I'f5 . 95 per c e nt (T able 32, Ana lyses III 

to XI). Th e content of S iO~ in the inte rc a l a tions of 
L. 
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b and e d chert in the banded ironsto ne is appreciably high­

er than for the b 'mded ironstone viz. a range of 47.95 
to 55.06 per cent and an ave r age of 51.50 pe r c ent. The 

Si0 2-c ontent in the rninne sotai to - slato ( 'fle sterberg Beds) 

imme di a tely overlying the banded ironstone ranges from 

39.63 to L1t ·1·.20 per cent vvith an average of 41.91 (Table 

32, Analyses I and II).. 'This average is slightly high­

e r than that f or banded ironstone although a microscopical 

investigat i on of the r ock-t ypes showed thqt free silica 

is f ar les s commo n in the minnesotaite sla te than in 

b :}nded ironstone . The; total amount of silica in these 

r oc ks can therefore not be taken as an indic at ion of ttlJ 

amount of free silica, present as che rt or as microcrys­

talline aU3rtz ., in the rocks.
~ 

(c) C lc ium and Magne s iu~£ 

The Ca'o-content of the ba nded ironstone ranges from 

1.10 t o 4 . 11 per cent) and averages 2. 63 per cent (Table 

32 Analyses III to XI) . If the - nalys0s of banded chert 

a nd minnesotaite-slate are included (T ab l e 32, Analyses 

t o XIII) the avera ge is raised slightly to 3. 90 
~r c ent . Lepp and Goldich (1964, p . 1039) pointed out 

that Prec 11mbrian ironstones a re chemically characterised 

by a l ow CaO c onte nt (on the aver;lc;e 1. 5 p8 r cent) in 

c ontrast with Cambrian and l ate r iron- formations which 

contain an average of 14 per cent CaO . 

The NlgO c(lntent of the:; banded .ironstone ranges from 

2.10 to /)..50 poo r cent, 2_nd averr:lges 3.15 per cent . If 

the a s sociated roek-types, banded che rt and minnesotait o 

slato arc included, the MgO content i s r a ised t o 3.19 pa r 

eont (T able 32, Analyses I to XIII). The ave r age contents 

of CaO and MgO of the b,-:mdod ironsto ne, 2.63 and 3.15 
per c ent j respectively, an3 slightly l ess than for inter-­

calations of iron-po or banded chert f or which the corre s ­

ponding values are 5. 92 and 3. 39 per cent respe ctively. 

The ave r age value f or CaO jW=gO in the se rocks is 1. 22 . 

Magnesium is tied up chiefly in silicate minerals 

like riebeckite and perhaps minnesotaitc and the calciu!:! 

chiefly as carbonates . Only a small amount of the magne­

sium is tie d up in do l omite. Most of the magne sium pro ­

b ab ly represents part of t he original precipitates , but 

much of the c '"llciuID. could be sec ondary, having been 

derived fr om the solution of ca lcium by met(~oric 1Nater 

from the underlying Dolomite. This statement is based on 

the general occurrence of c Qlcite rhomos Which repLwe che rt 

in the banded ironst one. The magnesium derived fr om the 

dolomite presumably remained in solution. 
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(d) Ma nganese 

The content of MnO in the b a nded ironstone i s low . 

It vqries from 0 . 06 to 0 . 79 per cent, qnd averages 0 . 29 

per cent . The av (: ragc for th~; belUded i ronstone <lnd the 

f1SS0C iated b anded che rt and minnc; sotaite slate; is 0 . 27 

per cent . The Mn/Fe I'gt i o for the banded ironstone), 

computed from seven ~3,np<lyses (Table 32, l '~nalyses III 

to XI) i s 0 . 0072 and for interc a lations of banded chert 

(Table 32, j~nalyses XII and XIII) ~Lt is 0 . 015 . 

(8) Aluminium 

The :Jverq,ge conte nt of A1 0 of the banded ironst one2 3 
8.nd tho bande d chort is 2 . 32 p(:";r cent, but tho v ,'llues fer 

individual sample s va.ry considerably . T'lle d i stribution of 

L120 i n tho sample s is shovm i n Figure 11 . In one
3 

sample? no alUI:linium was recorded, i n five others the 

content of A120 is less than one per cent; in the r e ­
3 

maining seven samples it varies from 1.01 to 8 . 08 per 

cent . Most of the aluminium is probab+y tied U1J in 

riebocl<:ito which enjoys a wide distribution in the b::".nded 

ironstone . 
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VIII. The origin of th3 banded ironstone a nd the 

r e lated rocks of the Lower Griguntown stage 

A. Introduction 

11he origin of bo.nded ironstone s of Prec ambri '?tn age 

is an old probl em. V8.rious auth ors have offered solu­

tions, but up to the present time different opini on s are 

still held . In the hypotheses advanc ed two main views 

are advocated . One school of thought 'ldvoc ates a hypo­

thesis of sclectivG weathering c ombined with changing 

climCl.tic c ond itions as we ll as a continuous change of 

physico-chcmic q l c ondit i ons in the basin of deposition. 

1\. second school supports the; direct contribution of 

m::;,te ri a l by mo.gmas , volc8.noes or fUIT13..roles or the r eac­

tion of sea wate r with hot or c o l d lava. 

In previous publications on the r oc k s of the Lowar 

Griquatovm Stage most authors have ac c epted the iden 

that these r ocks are the products of chemic;-il pr(~ ci pit:3.­

tion . Only a few autho r s have gone into the det :lils 

of the contribution of mate ri ql "md the c onditions under 

which the mater i al was deposited . 

Vhgner (1928, pp . 64 & 65) discussed the origin of 

the banded_ ironst one of the Lower Griqua tovm Stage brief-­

ly a nd pointed to the r egul a r transition between the 

banded ironstone and the underlying dolomite . This tran­

s ition coupled with the complete absenc e of any rec og­

nisable sediment of me Chanic ~l origin in the more typic a l 

ironstone l ed Wagner to conclude that the s icler it io 

oherts r epr esent marine deposits . He c onside red them to 

b e chem ic q l precipitates a nd assumed that the s ilic a wa s 

in c olloida l so lution in the sea water a nd that the ir0n 

was directly contributed to the ocean by magmatic w:lte r~. 

Peacock (1928, p . 266) dismissed the possibility 

that the ironstone of the Low e r Griquatown Stage c ould 

represent ancient deep- sea depo3its, similar to the r ed 

elays now a ccumUlat ing in the deep8st part of the oe eCln, 

owing t o the c omp1 2x compos ition o f the clays compa r ed 

with that of the ironst ones . He su[Sge sted tha t most of 

the chlorides nnw in so lution in sea wate r was emitted 

by s ub ae ri ill 'mel submqrine volcanoes !"-;.nd fuma r oles ( p . 

269) . He cla i med that chlorides of iron , a luminiuw, c a l ­

Cium, magnesium [mel the a lk8.1i s "vere f ormed through the 

r eaction betwc(orl water vapour at a high temperClture and 

deep- seateel r ocks which resul t od in the c o nc urre nt 

liberation of silic n . 
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TIu Toit (1945, p . 163) suggests th~t the material 

was precipit a t ed chiefly as c olloidal silic ates and double 

c 2.rbonatos in ;;t shrllloif,7, probqbly c ol d SG 3. . He c onc luct2d 

that the precipitate s were largely chem ic a l a nd prob qb ly 

ba c te riologic a l and that precipitation took place unGer 

peculiCir physiographic'll c ondit i on s . He does not g ive 

details of the sources of t he material nor the mechanics 

of transportation and deposition. 

Cilliers (1961) went int o dekLils c () nc c rning the 

tra.ns po r tation and dE)po sition cf the material c onst i tut i ng 

the rocks of the Lower Gri gu a t own Stage a nd g ives a gr)c d 

r eview of t he changing phy s ico-chemic a l conditions in the 

b F),sin of deposition. He concludes (p. 14- ; & 18) that 

s ilic a and c ompounds of iron we r e de rived from the chemi­

c a l j probably a ided by bacteriologic 3.1, weathe ring of 

exposed continent a l r ocks. He sugge st s that the materia l 

was carried to t ho oasin of deposition of the I-1owe r Gri­

quatown Stage both in true i onic and. in c olloida l solu­

tion . The s ilic a Cind some of the si lic 3tes were pr ec ipi ­

tated in a c olloidal c nnc1ition (p . 82) 1.Nhereas the pre-­

c ipi t a tion of i r on oxide , tron c a rbonate and iron sul­

phide was governed by purely chemic<'ll c und i t i ons ( p . 8[,) " 

B . The Source on the Mate rial 

c:l.l1d the C E~US8 of the Lamina ted Struc ture 

One of the ma jor pr obloms with r egar d to the origin 

of Prec :"l.mbriD.n ironstones i s the sourc e of the iron 

a nd the silica whic h c onstttut e the bulk of thes e r ocks . 

In discus s ing the ori gin of sed i me nt ary i r nn f o r­

mations with specia l reference t o t he Biwabi k For mat i on 

of the Mesabi R2.nge 9 Gruner (19 22 , p . 459) c oncluded 

that iron and sil ic a were derived frclU the weathE"~ ring of 

the crusta l r ocks UDl1e r humid and probably tropical or 

subtropical climatic conditi ons . Pre c ipi ta.tion of the 

silic a and iron and part of the or ganic c ollo i ds in the 

b asin of deposition is chiefly a ttributed to the influe nc e 

of algae and bacteria ? but Gruner also reC OGnises the 

influence of inorganic reactions in the: pr oc ess of 

pr ecipita tion. 

Woolnough (1941, p . 465) expressed the opini on that 

the banded iron deposits of the c lder Precambrian 

t hr oughout the e ntire world r ell r ese nt epi c ontine ntal s(?d i­

ments precilli tated chemically from c old j natur8.1 solutions 

in isolRted , r est rict ed bas ins l oc ate d on peneplaned 

land- surfaces . 

 
 
 



- 160 ­

Dunn (1941 , p. 362) held that banded hematite 

o..uartzi to might h ave v&rious modes of origin? but pointed 

out that in the c ase of some iron orcs of the Singhbhum 

District of India, the bande d hematitc quartzites hav e 

b'Jcn formed by the silicification of ferruginous 

sediment which ori ginated partly as tuffs . 

Du Pre~z (19 IiJf·) ~ucgcsted that the bcmd(~d ironst one 

of the" TIolomito Se ric s in the Thabaz imbi a r ea , Tr:J-nsvc-"1 ::1-1 j 

formed through c hemic a l pre cipit ation of s ilic a and 

iron oxide hydrosols, de rive d from the weathering of 

a dj a c ent l ow-lying l a n d cmd transported to the sea 

by rivers . 

Ale xandrov (1955, 1) . 459) suggests that tho int e r­

mittent banding of si lic a and hematite in Precambrian 

banded iron o r e s is principa lly c aus ed by selective 

we a the ring of the Pre c a mbrian soil. The selective 

weathering is attributed to seasonal c hanges o f tempera ­

ture, the amount of precipitation and. th,~ a lt e rnate ly 

hig her and lower pH ranGe of the le a chin3 solutions. 

h simila r view is held by Sakamoto (1950, p. 4 49) who 

inferred that shallow l a kes in a par alic basin and a 

mons eo n - like climate 'Nere r esponsible for tho unique 

environmental ccnditien . 

Goodwin (195 6, p . 588) is of opinion that we~thcrinE 

of c ont inental rocks as a source of iron and silic q does 

n ot apply t o the Gllnfl int Iron Fo r mat ion? OntClric . He 

voints out that a d irect and sympathetic r elat i onship 

between volcanism qnd the iron formation i s indicated 

by the presenc e of pyr oclas tics :clnd l ava on c ert"dn 

h orizons in the iron-bearing rocks, and in 0. wider and 

mo r e signific ant sense by the cyclical co- ord ination of 

v olc ani sm and sediment a tion . He a ccord ingly suggests 

that the main mass of iron oxide a nd. siliCA- in the Gun­

flint Formations has b eem contributed to thu basin of 

deposit i on by v olc c;. nic a c tivity, possibly through the 

activity of hot springs and miner:tl altc r at ion of ext ru·­

d.od volcanic materi~l . 

In the l at e st di scussion of the origin of the rocks 

of the Lower Griquatown Stage , Cilliers (1961, p . 74) 

claims that the r e is n o longer a ny doubt that sufficient 

mate ria l for the f ormf:tt ion of the se rocks c ould have 

b 08n obtained fr om the weathe ring of the r ocks e xposed 

on the continent at the t i me th is stD-go wa s deposited . 

He sugge l'lt s that the Von te r sdo r p lava wet s one of the 

s ources from which the iron was d.erived . 
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Le pp and Go1dich (19 64 , I). 1 1 0 26) assurne th"lt the. 

Prc c~l,mbriiln atmosphere hild a r e l at ively l ow oxygen 

c ontent a nd that l a te ri t ic we a t hering under thi s condi­

t i on pe r mitted t he tra ns por t of iron and manganese t o­

gethc~r with s ilica wh ile the weathe r ed ma ntle e ffec t ive ­

ly r et a ine d a luminium, t ita nium, phOSI)hrTOus and 

c olloidal Clay. They note that graphit ic materia l 

of b i ogenic ori g in is close ly as sociated with b ~nde d 

i r onstone of Prec o.,mb ria n age and st:lte that although i t 

i s unc e rt ~dn whether iron oxiC.c hydro s ol s we r e pr ec i­

pi tated dir ectly through biogenic proc e SSGS , t he removal 

of CO 2 qnd the libe r ati on of oxygen to the s ea wa ter 

thr ough photosynt hes i s of primitive p l a nts undoubt ly 

influenc ed the ene r gy r olat i cn ships among th0; iron 

miner '3- l s . 

Gro ss (1965, p . 1063) be lieves tha t the compos ition 

of the a tmosphere wa s na t a s ign i ficant f actor in t he 

f ormation of the sed i ment ary banded irons tone. He 

stres ses t ll(") signific ant f act that in whqteve r envi r un­

me nt cherty banded ironsto nes were dep os ite d evide nc e 

of vo lc a nic a c t ivity c ontempo rane ous with the deposition 

of t hes e rocks i s consistently encountered . He acc or­

dingly expressed the opinion tha t s ilic a and i r on oxi ds s 

could have been contributed by processes that were 

rela t ed to this volc nn i c act i vity. 

In considering t he orig in of the rnat ~ rial necessa r y 

f or the f OTI!nti on of b2nc1ed ironstone Tr endall (1965, 
pp . 1066 & 10 61 ) r ef0?r S to t he Brockman Iron Formi::lt i on 

of West e rn Lu s tralia which has a thickne S8 of C),bout 2 ,000 

fe e t ove r s ome 25 , 000 squar e miles and c a lculated thqt 

ev en if the source - a re a of the ma terial n ow constituting 

this fo rma tion wa s eight t i mes as l a r ge as the a r e O, of 

depos ition a ll the iron f rom a t otal thickne ss of 2 , 000 

fe e t of Precmnbrian so i l would have been needed for tho 

depo sition of the formFttion. He po inte d out furt he r 

that? a fter the ext r c'.et i on of iron, silica, a lumina 

a nd other Ilater ials r equ ired fo r the deposition of t he 

f ormat i on ab out 600 fe et of a lumtnous laterite would 

hav e be en l eft behind , assuming that mo s t of the s ilic ­

was r E"J moved in so lution. He c onclude d tha t the pr e f e re n­

t i a l extraction of some c ons tituents by we athe ring t o 

these depths is di ff icult to r econc ile with a relief 

suffic iently s light to pr eve nt s i {;TIii'ic ant transI)Ort a ­

tio n of clas tic debris t mva rd s the ba sin of depos i tion. 

Re f erence has already b ea n made ( p .148) to the 

pr ese nc e of thin, pe r s i stent l aye rs of pyr oclastic 

ma terio. l which a r e int e rc a l rlted wi th the banded iron­
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stone over the entire a r eQ . These layers v a ry much in 

thickne s s fr om less th~n half an inch to s8ver~1 feet 

a nd although t he y are found a t irregular intervals in t he 

entire succ e ssion j the l aye rs are cOIr:[Y;only more abundant 

in the crocid olite-bearing zones, or in zones where many 

se~_ s of mas s ive riebeckite are pr esent . It is acc or d 'n ­

ly sugge sted tha t t he 1 1yers of tuff re present f~lls of 

volcg,nic , sh during the time of deposition of the b.nded 

ironstone. 

Mpny o f the l qyers of tuff cont a in a ppreci able amounts 

of pyrite 1 ge nerally in the form of irregular concre ­

tions elong~ted p~rallel to the boddi ng of the b ande d 

ironstone. The pyri to is c omn]()nly accompanied by black 

carbonace ous ma terial a nd it is believed tha t both the 

org a nic mat e rial qnd the pyrite we re derive d from primi ­

tive micro - org ,ni sms wh ich flouri s hed in t he basin of 

depo s ition ( HH 28 1\- ) . L sudden f'1.11 of volc a nic a s h 

c u ld re sult in the buri3,l and t l'L pre serv .9.tion of o r gilni c 

ID g,tter j followed b y the development of p yri t o . 

That primitive life existed during t he time of d e ­

p osition of t he Lowe r Griqua town St a ge was suggest e d by 

Harrington a nd Cilliers (1963) a fter Harring to n (1962) 

h ad proved the presence of cert a in primitive oils a nd 

wa xes in t h e b a nd -d irons tone and associated crocidol i t c . 

Pyrit e i s also found in abundanc e in Se "lIDS of 

m ssive riebeckit e especially towards the b3,se of t h e 

Bande d Ironstone Substq e in the Sout hern Region. Should 

t he pyrit e in the se am s of massiv e riebecki te have h~ '. d 

the same mode of or j_ :; in as the pyrite in the layers of t uft; 

it is quite possible t h a t the ori g in of the ma s sive 

riebec ki te a nd for t h a t ma tter the origin of the m8~ter j_ al 

constituting the S88.ms of asbestos is large ly similar 

t o that of the layers of tuff. 

In discussin the o ri g in of the mate rial c onstituting 

t h e r ocks o f the Lowe r Griquatown Stage it is of i mpor­

tance t o bear in mind thnt the banded ironstone in t he 

succession is not alwa ys built of alterna ting laye rs of 

chert and magnetite only. The upp2r p or t ion of t he B~ndo d 

Ironstone Subs t a ge in the Southern Region j for examp le 

the Westerberg Beds, cont a ins a ctua lly v e ry little f ree 

silica in the f orm of che rt, but is chiefly c omposed of 

altern;:).ting l am ina e of minneso taite j and riebeckite. 

Magnetite is abundant in certain zones only. 

rhe Riebeckito S13te Zones of the Middelwate r a nd 

Kwakwa s Substages in t h e Southern Regio n also c ont q i n 
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suggest i on that the ma te ri a l f or the formation of the 

banded ironstone W2 S obt a ined throu gh tho selective 

we a thering o f contine n tal rocks is the common occurre nc e 

of thick interc a l at ions of iron-po or bande d che rt in 

the thinly laminated banded ironstone. These intercal a -­

t i ons in places me asure more tha n 40 fe e t in thickness. 

If s e a sonal change s we re re sponslb1 8 f o r t ho select ive 

leaching of iron and silica then the presence of inter­

calations of t hc iron- p c)or banded c he rt could prob Clb ly 

be explained a s f o llows: A long pe ri od during which only 

a little iron was leach2~ out e nsued and only silica 

was carried t o the basin o f de~ osition. Should this be 

the case ono would 2X ;,cct :Ll yers of the banded chert t o 

be followed by b a nd s exce ptiona lly ric h in iron or band s 

in which the amount of iron gr adually incre a se s until 

a normal b , ' nd ed ironstone i s pre sent onc e more. In the 

l aye rs of banded ironst one i mme diat e l y below such an 

iron-poo r chert one would expect cl gradual decrease in 

the iron-content as a r esult of progre s s ive s easo n a l 

ch:mges. This is no t the c ase; t h e amount of iron in 

the bande d ironstone below and above the iron-poo r 

layers of chert is the same a s in the b eds avva y from t h e 

b ande d chert. The pres ence of the laye rs of chert c a n 

also not be due to c h . nging physico-chemic a l c onditi ons 

in the b3.sin of de position b e cause, if ferruginous 

mat e rial is steadily contributed to the b a sin during t hb 

entire de po sition of t he banded chert 9 a tre mendous volume 

of iron hydro sols mu s t r ema in in s olution over a long 

period. Aga in if cond itions be came f a v ourable for the 

p r e cipit a t i on of it one would expe ct l ayers in which 

the iron-c ont e nt wi ll be abnormally high owi ng to r a pid 

pr e cipita tion pa rtially influenc e d by the h i gh concen­

tration o f iron. 

P e a cock (19 28 ) sugges ted that the ma teria l for t he 

formati o n of the b a nd e d ironstone c ould h a ve bee n con­

tributed by the Tl; action b e twe ~ n v 3.pours fr om sub marine 

fum3.roles 1 wa ter a nd the walls of the fi s sures along 

which wa te r v a pour charged with hydrochloric acid a sce nded . 

He sugges ts that the sele ctive precipitation of silic a , 

iron a nd subo r dinate a luminium hydrates was c ause d by sub­

s equ e nt emissi on of alkaline r eage nts either in the form 

of a mmoniac a l v apours or soluble a lka line silicates in 

the TIl'lnner proposed b y Va n Rise a nd Leith (19111 p p. 

499- 529) . With subse qu e nt denudation of the basin o f 

de"josition this h e t e roge neous precipitate \N ould become 

largely de.hydra t e d a nd indur a t e d t o form a r ock corre s­

p ondi ng substantially with a f e rruginous ch rt. 
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One of the chief objections a gainst t he contribution 

of iron and silica by fum:troles is that insufficient 

m~terial is su plied (Grune r, 1922, p . 488-449 & 
Cilliers, 1961, p . 72) . Cilliers maint ~ined tha t it wou ld 

be difficult to find an adequate source of iron in the 

older formations which could have be8n mobilised through 

fum .role activity in suffic ient quanti ti e s to satisfy 

the r equirement s of the Lowor Griqua town Sta ge . \. t the 

s ame time he sugges~s that the weatherin~ of the Ven­

tersdorp IFtva und erlying the Tr8.nsvaal System prob ably 

supplied the bulk of t he iron in the Lower Griquatown 

Stage . He also cla i me d thqt no trace of intense chemic a l 

activity associate d wi th fum aroles are r reserved in t ho 

forma tions olde r tha n the Pretori :·, Seri:...: s . 

With re gard to t he absence of exce ptionally iron­

rich form tions underlying the Lower Griqua town Sta,e, 

from which iron could have been dissolved the question 

arise s whe ther it is nece s sa ry for the iron to be de rive d 

from the solution t h ereof from underlying form~tions, 

or whether the bulk of the iron now present in these roc k s 

is not truly magmat ic in origin. 1 s shown on Folde r 1, 

the Lowe r Griquatown Stage is traversed by a profusion 

of diabase dykes . M:,my of these dykes probably repres ent 

the original fissure s qlong which the Ont~e luk L:tv g" which 

directly succeeds the Lowe r Griqua town Stage , was intru­

ded . Some of the ma terial now occu pyin the dykes is of 

Knrroo Age . Composite dykes, occupie d by material very 

simila r to t he Ongcluk Lava a nd by ffiOl terial similar t o 

dole rite dykes of L ..,rroo Age, a lso exis t . If c'Illy a fair 

percentage of t he dykes re pr e sent t he channels along 

which the Ongeluk Lava wa s intruded the s e linear struc ­

tures could well have boen the pa ss o. es for juvenile 

gases prior to the extrusion of the lav8. . 

;~fter having investig,?,ted the iron ores of the 

Pretoria Series in South Africa , Schwei gart (1956) c o. e 

to the conclusion t ha t because of p revailing oxidizin8 

conditions during Ea rly Prec ambrian times and the absence 

of a continental flora, adequate amounts of iron for the 

form a tion of large deposits of iron ore in the Pretoria 

Serie s could no t have been dissolved and transported to 

the Prec'lInbria n oceans in solution . He acc ordingly sug­

ge sts th -1.t the iron in these sediments was formed from 

a cid submarine volc cmio exhalations, contributed to the 

s ediwentary b a sins from time to time during the preour­

sory phases of the Bushveld Igneous Complex. He pointe d 

out that intermittent volcanic activity took place durin p-; 

various stage s of the depo s ition of the Tr ansva~l SySt 8ffi 
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of which the Prptoria Series (Lower Griquat own St age) 


forms an inte Gral.part. 


The well-known periods of volc nic activity during 

the history of deposition of the Transvaal System is 

marked firstly by restricted flows of ande sitic lava 

in the basal part of the Black Reef Series . This wa s 

foll owed by intermittent volcqnic ep i sodes during the 

Daspoort Stage represented by andesitic lava, tuff and 

a gu:lomera te (Ongcluk lava), tuff and :-.Lg ;'. ~lomerate during 

the Magaliesberg Stage and amygdqloidal >.:md c site and tuff 

during the Smelter s kop Sta{:e of the Pretoria Serie ~ . Less 

well-known is the occurrence of pyrocla stic material 

intercalated in the b a s a l portion of t he Dolomite Series. 

The occurrence of this pyroclastic material is d8 s cribed 

by Young a nd Me ndelssohn (1948). They noted (p. 57) 

that near Schmidt 's Drift in the Northern Cape Province 

pyroclastic ma terial is embedded in a calcareous ma trix 

and the rock-type which resulted can best be described 

a s tuffaceous limestone . De s p ite the ap preciable a ltera ­

tion of the pyroclastic ma terial t he authors could 

reco gn i se fra~ments of volcanic ori g in which are charac­

terized by curv'ltures attributab l e to conchoidal fr8,cture 

or r emini sc ent of a vitrocl a stic texture . 

Including the p rese nce of layers of tuff intercalat~d 

in the banded ironstone, which has not been realised to 

date, there is therefore at least six cycles of volcanic 

activity associ a ted with the d e position of the Transva3,l 

System. Two of these cycles preceeded the deposition of 

t he Lowe r Griquat own St age 1 one was c ontemp orane ous with 

a nd three cycles succeeded its de p osition . One of the 

last t hre e periods 5 the andesitic lava flows of the Das­

po ort Stage (Ongeluk lava), followed immediately upon 

the deposition of the Lower Griq,ua town Stage . 

Present-day c ontribution of iron, silicon, aluminium 

a nd other elements to the oce a n by fumaroles is demon­

stra ted at Karuchatka , Russia, and the Kurile island. 

Studie s during the last decade h ave sh own thtl,t distinc­

tively acid water ( pH - I to 2) and unusual cation asso ­

cia tions arc ch .racteristic of these t wo areas (Stra khov 1 

1964, p . 842). The ma j o r eleme nts in this wa ter are Al 

and Fe (ferrous and ferric) whereas Na 1 K, Ca, and Mg 

are not a mong the ma jor eleme nts. 

Strakhov ( p . 842) maintains that it i s now clear ~hat 

t h e acid wa ters origin'lte fr om the circulp"tion of water 

in unconsolida ted tuffs whic h are exposed to gases derived 

from fu maroles ( HOI, HF, H2S 1 S029 CO 2 ), These gases 
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dissolve in the wa ter and give rise to fairly stronG 

sulphuric - nd hydrochloric ac id solutions which [ttt8.ck 

the surrounding rock and extract Na , K, Ca, g , Si0 2 and 

~ls o Fe nnd Al fr om it. Vith the extraction of these 

elements the rocks are gre a t ly alte red , g iving :vise ~ ... 

in some places to pure opal olite s (virtually only 8i0 2 ) 

and in others to clays, 

Where these acid solutions mix with sea water the r e 

is a very prominent chemical differentiation f or Al a nd Ti, 

which become spatially separated durin,,,, mi [;r at i on , a nd 

also for silica and iron oxides. As the pH of the water 

rises gradually several comllonents are deposited. Results 

given by 8trakhov ( p . 843) of a detailed study of the 

conditions at Lake Tikhoye from 1Nhere a stream leads to 

the Nor th Chirip River which enters the sea of Okhotsk, 

r eve8.1 the foll owing; 

Ii. f erru gi nous sludge forms in the lake itself a nd 

much ferruginous ma teria l is depo Dited in the stream . 

,;!here the rive r ente rs the sea t hree turbid zones can 

be distinguished due to variations in colour of the water 

~nd the coloured precipitate suspe nded in the water . An 

a na l ysis of the suspended matte r a t different points fr om 

the l ake to the seQ is shewn in Table 33 . 

Table 33 . - Composition of Suspensa te 

(~fter StrQkhov 1964, p . 843) 

Site Si0 2 Ti0 2 1\..12 °3 Fe 20 FeO S033 
Lake Tikhoye 1. 61 0.06 1. 29 56 073 10.75 7 . 78 
I n the North 
Chirrip River 

0.36 Tr'},ce 0.55 72 . 92 4 . 06 5 . 14 

At the mouth of 
the North Chirrip 
River 

4 . 42 None 9.82 52 .4 3 1. 32 1. 32 

In sea 50 m from 
mouth of rive r 

No ne None 24 . 17 31. 61 

In sea 250 m from 
mouth of rive r 

None None 32 . 40 17.18 

Judging by the anal yses of the suspensates given in 

~I.' able 33 it is a pparent tha t the chemic ql differe·ntia tion 

caused by pH chan::;e s of the wate r is consplicuous. A 

rhythmic or constsnt influx of thermal exhal ations into 8.. 

basin of deposition , es pecially if the channels f or th~ se 

exha l ations a re widely strung out along fissures, wou l d 

not only cause subsequent addition of material , but will 

a lso c nus e almost regul9.r ch8,nges in the pf. conditions 
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which will r esult in the different ial pre cipit ~tion rf 

silica ? iron oxide and a lumina. 

From the chemic~l c ompos ition of t wo represent a t ive 

chlorite-sulphate sprinGs given by Stra kh ov (p . 842) it i s 

evident tha t t he concentration of f e rrous iron in t he wat er 

is about twice to about seven ti e s that of ferric iron 9 

0 .77 (~2 giL a nd 0.2194 gi L compared with 0.4170 giL and 

0.0312 giL . If the amount of fe rric iron in the sus pens a t e 

which forme d in the L'lke Tikhoye is con pared with the 

amount of ferrous iron in the s a me suspensr),te (Ta ble 33) 

it is cle ar that oxi dation of the ferro u s iron t a kes 

place rapidly a nd on a l a rge scale . 

The chemical compos i t ion of the water from the thermal 

springs also indic a tes that the r a tio of iron oxide to 

alurl:ina va ries a Pl,reciably fr om one s p r ing to another and 

the conclusion is accordingly drawn th t a lumina could be 

completely subord inate in the composition of ws ters from 

the rmal springs . 

Much stress h as bee n laid on the r o l e p layed by 

varying pH and oxid '.1 tion-reduct ion p otent ial (Eh) in t he 

deposit i on of chemical sediments (Krumbe in and Garrels, 

19529 Huber and Garre ls, 1953; etc . ) . 

Cilliers (1961) gave a detailed description of h ow 

t he se ph ysico-chemic a l influences c ou ld have c ontribu te·' 

in the selective precipitation of iron oxide and silic a 

du ring the de p os ition of the Lowe r Griquatown Sta ge . 

It is n ot necessary t o re peat t he det a ils of the processe s 

b e c 8,use the effect of c hqnging physico-chemic <.l l c ond i t ions 

on the precipita tion of these eleme n ts would h a ve be e n 

much the s a me whe ther the silica and iron oxi de were 

contribut ed by processes of selective wc a t he rin or by 

suc ce ssive periods of subma rine fum a rolic exh31at ions. 

However, it is necessa ry to r emark on a few anoma l ous 

f eatures concernin , the contact between the Dolomite a nd 

the succee ding Banded Ironstone Substage . It has becn 

pointed out by Krumbein a nd Ga rrels (1952) tha t t h e pre ­

cipitation of calcium c a rbon8. te is c h iefly c ontrolled by 

,,,D conditions - an incre a se in pH creates a lkaline c ondi ­

tions which will cause the precipitation of c a lcium 

carb onate . Truly acid environments are therE:fore unfa v ou­

r able t o lime stone deposition. In this r e spect the c on­

tact betwcJn the Dolomit e and the banded ironstone of 

the Low e r Griquat own St .qge needs special consideration. 

It has be en pointed out re pe a tedly in previous page s 

tha t the contact between the two rock-types i s transiti on a l 
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in the sense tha t se para te silicecus and also ferruginous 

intercalations become abund~nt to ~ards the top of the 

dolomite, and th_t interc a l a tions of dolomite again arc 

found in the basa l portion of the b a nded ironstone. The 

mineralogic ~l composition of the siliceous interc a lations 

in t he dolomite and the ·different layers in tho lower 

portion of the B8,n d ed Ironstone Substa ge V8,ry considerab ly 

from one locality to another . In many loc a lities they 

are almost com pletely devoid of iron, as s hown by bore ­

hole sections cn Whit ebank, Kuruma n District (Table 3) . 

In the environment of Danielskuil the very ftrst silic eous 

interc lations tow;:,rds t he top of the dolomite cont 'l in 

considerableC',mounts of magnetite and represent a b a nd e d 

ironstone. In the Hcuningvlei area again t he basa l 

portion of the Banded Ironstone Substage is characterized 

by the freQuent occurrence of layers of bla ck shale 

largely simila r to t he tuff bands described earlier. ~l­

though ma ny, if not mo st of the siliceous intercalat ions 

in the upper portion of the Dclomi t e cont a i n a ccessory 

amounts of carbonate there is, h0wever j a distinc t and 

sharp cont a ct between calcareous and siliceous bands . 

This would indicate that the conditions which influenc ed t he 

change in pH conditions must have change d ab ruptly be c a u s e 

a lmost no gr, da tion fr om carbonaceous to siliceous beds 

exists . 

Taking into consideration the frequent occurrence of 

pyroclastic material intercalated in the banded ironstone 

the writer dra ws the conclusion that volc a nic activity 

played a ma jor role in the formation of the Lower Gri­

quatown St::.lge . The sharp contacts between lamina e of 

different mineral comp osition may indicate that the 

cnnditions which controlled the alternating precipitation 

nf iron hydrosols and silica and also c rbonate in places 

we re rhythmic A.lly r cpec ·.ted and must have had a remarkably 

instantaneous effect . The pH of the water in the b a sin 

of de position wa s most probably the c h ief controlling 

factor in t he precipitat ion of silica, iron oxide and 

carbonate. If subma rine exhalations took p l ace over 

wido areas in the bas i n of deposition the intermittent 

influx of exhalations rich in iron oxide and silic a , would 

h ave h a d a r e ma rkable Rnd a b rupt influence on t he pH 

of t h e wa ter. This would result in the r apidly alterna­

tin_ precipitation of chemically different elements . 
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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·:. 
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fit into a mould composed of alternating banda of magnetite 
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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. 

 
 
 



A="'5· 2 '"T 

8 

.; 
;,. 

! 
~ a;;;. 

j 

~ 
:z 
\I 
~ 
.Ll 

f 
0 
~ 

~ 
0 
~ 
'\) 

0 
~ 
U 

-..:.. 
0 

~ 
> 
~ 
"3 
V 

< 
t-=, 
.0 

r+­,... 

G: 
~ 

'----1 I I I j i j r I . .- '-.-- 1 , I I I " ~ o 	 200 400 500 800 /OOO'C o ZOO 4(){) 6 8/)0 IlXXYC o 200 4{JO 6lJO 800 /OOO"C 
948 

0~\} 	
425 

0V 
920 

925 	 959 

960 0~ .(.JO 	 985 

4Z0 

(Dh. ~~ ~ 	 ~~f @ 
425 

Ii 	 1 g"16940
930 

410 

420 
420 950 

945

/\ ®~~ A @~~" - . "'- 9.52 

0 
920 

®~ 
915 9?5 

931 

g~O rw 
9M 

4/5 	 r "I 4/7

(]) 9/5 .J\ .~r -'-- /382 

1'5 	 0.~ ....... !J02 

920 	

L 4/5 	 940 

@ 
950 

415 	 \r @\ /j '~ 
, ~ev/ 

SI!!
't gJO 
9:!O 

.~.IV> A m .I"'" ­

 
  



-187­

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 
ra the compositton of the member~ of theGloucophane­
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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Plate I. - Unoriented shard-like fragments of chert 
(white) in a matrix of ferruginous chert 
(grey); Main Marker, 0uplaas (S2), 
Danielskuil Area. Compare with Plate V. 

Plate II. - Subrounded, disc-like fragments of chert 
(pale-grey) are contained in a ground­
mass of ferruginous chert (grey) on top 
of the Main Marker, Eldoret (Hl), Kuruman 
District. 

Plate III. - Different forms of septarian nodules 
from beds in the upper portion of the 
Jasper Substage, Northern Region. 

 
 
 



Plate IV. - Pear-shaped body of mass-fibre riebeckite 
embedded in yellow-brown jasper, Ettrick, 
Kuruman District. The bedding in the 
jasper converges to the right, conforming 
to the outline of the riebeckite body. 
Irregular fractures in the riebeckite are 
filled with quartz (white). 

Plate V. - Pot sherd Marker on Koret 8i (Lower Kuruman 
Native Reserve), Kuruman Area. Unoriented 
flat fragments of chert (white) are set in 
a mat rix of ferruginous chert ( grey) . 

1IlR!~,.A 

Plate VI. - Warped bedding-planes of Contorted Marker, 
Hove (C 2), Vryburg District. Beds dip vvi th 
a low angle to the west. 

 
 
 



Plate VII. - Microfolds and faults in the Controted 
Marker, Heunar (D2), Vryburg Distric t . 
White and pale-grey streaks are occupied 
by silicified crocidol ite. (Spc. HH 91). 

Plate VIII. - "Zebra-rock" from the Pomfret No. 2 
l\hne, Pomfret (B4) 9 Vryburg District. 
I{iagnetite laminae (black), are separatpd 
by layers of pale-green chert (grey). 
(Spc. HH 107 ) . 

 
 
 



P late IX. - Cro ss-fibre crocidolitc ( gr e y) s epara t ed 
fr om m ~l,gneti t c l amina (bl a c k) by thin 
lamina 0f microcry sta lline quartz ( wh ite) . 
The direction of growth of the c r ocidolitc 
and th'3 acicular quartz is away from the 
magne tite l a min a . Nume r ous g r a nules a n d 
crys t a ls of magne tite are p r e s e nt am on gst 
the c r ocidoli t e fib re s . Ord ina ry lighto 
X480. ( Slide HH 301) . 

Pl at e X. - Acicular cry stals of minne sota ite proj e c­
ting at right a n g l e s ac ross the bounda r y 
b e t we e n l aminae of min nc sotaite and che r t. 
The rn innes ot a i t e cry sta l s pene tra t e t h e 
c h rt l ami n . Cr ossed Nic ol s . X480 . 
( Sli de HH 324) .. 

 
 
 



-:i'latH XI. - Partially developed rhomb of carbonate 
replacing microcry~talline quartz. The 
core of closely interlocking grains of 
quartz (dark-grey) is completely surroun­
ded by carbonate (pale-grey). Cros s e d 
Nicols. Xl080 (Slide HH 212). 

Plate XII. - Idioblastic rhomb of carbonate including 
magnetite (black) poikiloblastica lly. 
Crossed Nicols. Xl080 (Slide HH 27 2 ). 

Plate XIII. - Dnori e nt e d fib rous growt h of mass­
fibre riebeckite (black) in matrix of 
carbonate (grey). Ordinary light X480 
(Slide HH 293). 

 
 
 



Plate XIV. ­ Lath-shaped crystal of riebeckite orient e d 
at an angle of 60 degrees to the bedding 
C)arallel to horizontal edge of pl a te) a nd 
occurring in a matrix of chert (grey) a n d 
magnetite (black). Riebeckite porphyro­
blast include s granule s of magne ti te (blac k) 
p o ikiloblastkalLy., The riebeckite displays 
prysrnatic cleavage. Ordinary light. 
X480. (Slide HH 295). 

Plate XV. - Acicular crysta ls of riebeckite (dark-g rey) 
curved around crystal aggregates of nlagne­
tite (black) apparently indicating that 
the lDagneti te crystallized sim:il taneou .-, 
with or after the riebe c kit e . Ordinary 
light. X480. (Slide HH 304). 

 
 
 



Plate XVI. - Shard structures in pyroclastic band 
(tuff) intercalated with banded ironsto ne . 
Characteristic Y-structures and the 
axiolithic growth of fibrous stilpnome ­
lane in the large shard are present near 
bottom of photogra ph. Ordinary light. 
X370. (Slide HH 148). 

MM . 

Plate XVII. - Simple or sinele se am of oxidised croci­
dolite (Griqualandite), Warrendale, 
Postmasburg District. (Spc. HH 118). 

Plate XVIII. - Composite seam of ox idised crocidolite 
(Griqualandite) displaying "corrugat e d " 
or cone-in cone structures and bif urca­
tion of thin magnetite laminae. 
( S pc. HH 119). 

 
 
 



Plate XIX. - Cone-in-cone structure s in se am of oxidi s ed 
crocidolite, Warrendale , Postmasburg 
District. The magnetite lamina e in 
vic inity of tba cone structures are d is­
located. (Spc. HH 120). 

Plate XX. - Acicular crystals of riebeckite (dark­
gre y) in a mat rix of chert (pale-grey) 
radiate from a core of a l mo st tabular 
riebe ckite in which only tiny specks of 
m' gnetite (black) remained intact. Large 
carbona te rhomb in upper lefthand corner. 
Ordinary l i . ht. XI080 (Slide HH 273). 

 
 
 



Plate XXI. - Lath- s haped and acicular crystals of 
riebeckite (da r k-g rey) oriented p a rallel 
to magn e tite l amina (black) se par a te 
cross-f ibre croc i dolite (pale-gr e y) from 
ma gnetite I nmina e. Aggre ga t e s of magne­
tite (black) completely surrounded b y 
crocidolite a nd a lso included in the 
lath-shaped crysta ls of riebeckite. 
Riebeckite in pa rt separsted from 
magnetite l amina by chert (White) 0 

Ordinary light. X480. (Slide ::rH 295). 

Plate XXII. - Fibre s of "morenc i te II arrE0,nged 
a pproximately perpendicular to the 
b edding . Koretsi South Mines. 
( S pc. HH 35 8). 

 
 
 




