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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 . 
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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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