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SU MM AR Y. 

The commercial, refractory clays in the Union of 

s outh Africa occur in the coal measure rooks of the Middle 

Ecca stage of the Karroo system and deposits of economic 

importance are so far confined to the central and southern 

Transvaal~ 

The basal Karroo conglomerate, and the DWyka "tillite" 

with which it is frequently confused, is a prominant horizon 

marker of the base of the refractory clay bearing strata. The 

refractory clays and associated strata are terrestrial sediments 

laid down under aque9us conditions and have been generally 

preserved .from denudation by being sunk below the surrounding 

resistant rocks. The most conspicuous catchments are sink holes 

and collapse valleys formed by solution or the underlying 

dolomite, although diffe rential erosion in pre-Karroo times 

also provided protective basins which served as refugee ~or these 

deposits. The refractory clay strata is generally horizontallY -disposed and shows extreme lateral and vertical variations in 

character and extent. 

The types of cl ay found include flint, semi-flint and 

2/ •• .• plastic ••••••• 
. ' 



j 

- 2 -

plas tic clay and s ilicious refractory shal e . Quartz , iron and 

manganese are t he principal visible impurities. The flint 

clays i n the Vereeni ging area occur as a parting in the main 

coa l seam , while the plastic clays are closely associa ted with 

the top coa l seam and pr obably represent sapropelic dn. posits 

i n ancient water course s . Elsewhere the relationshir _ between 

the flint and plastic clays and the coal is not so apparent . 

The semi -flint clays generally overlie t he workabl e coal seams 

when such coal is present. The silicious refractory shales 

occur above the semi•fli nt clays and frequently contain well 

preserved pl ant remains . 

The formation of t he clays is primaril y dependent 

upon t he environmental conditions and the principal sources of 

sediments are the residuum from weathered dolomite and t he 

de composition product s of fe l dspathic i gneous rocks , while to 

a l esser extent plant a sh derived from oxidation of coaly matter 

also contributed . 

The refractory clay r eserves are d i fficult to est ima te 

since prospe cting so fa r has been confined to easily accessibl e 

areas and further be cause of the considerable var i a tion of the 

clays withi n short di stances . It is apparent however t hat t he 

reserves of t he high grade clays, t hough large , are by no means 

unlimited . Most of the clays are mi ned by open cast methods 

which facilitate selective mining . Transportation costs are 

important control ling factors in exploiting new de posits . 

Di ffe rent i al thermal analys i s supported by x- ray, 

chemica l and optical data , carried out on represent ative 

samples, i ndica te that the principal minera l present in t he 
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African f1re·olaya is kaolinite • Pi fterential the~..al analysia , 

also ind1oate the oocurr e·noe or· higher 111drocarbons 1n the 

oar'bonaoeous flint and plastic olaJS• 'the presence or clay 

nd.ne:rals, oth$r t .han mol1nite, in the plaat1o clay· and 

rer:raeto~ shale was 4'tug~ste4 by baee exoh~ studies and 

during this woJ'k it wa.a tou.nd that the eleot;r·odlalysis methal 

ot:t~red oartain aavanttl£9S over the replac~nt leaching method 

1n ·Control work. It 1s or interest to note that the clays 

tested all ahat~ed rad1o-not1Y1ty, suggesttns a :trash a p JiQEU)h 

in the f1el4 of' res(!ulrch on the geaoats ot the fil'eClaya. 

'i'be oe~amio propert.i~Js ot the sele6ted clays wel"'e 

evaluated ~Y el'ltpirieal t;e.eta and it was considered that the. 

results obta1ne4 well!e tn good ae;reeme.nt With theoJM~tioal 

de4uot1ona. The plastioitr ot the plast1o olay is muoh gr$a,ter 

than f ·or the otbe:~ types studied Owillg to the fineness or particle 
. 

size, presenoe o·r ·organic lfl8tter and the oo.o.vrenee or ol.a7 

Jld.Mrala ( 1111\8?) othe~ than tbe. kaol!n.ltlo group, The flint 

and semi•tl:tnt clays represent good kaol1nlte types w1th 

ua.rt~ as e. p~inclpal aooessory and the dry strength and d:ry 

sbl:'inkage ot these clays 1s low eor~Jere4 vt1th the plastic <tlay 

and s1l1o1ous l!ef'raetoq shales. The drying sh:rl.nkaae ot the 

olaya with low be.se Etxchange capacity :re~eaeats a smalls~ p~o-· 

po~tion of' the total shl'i.nkage (drying and t1r1.Jll) than those of 

ldgb.er base e.xcbe.np ®llaolty. 'I'ha plast1e clav show~ the moat 

pronounced tentlenoy to sinter o.f aey ot the ol~ examined which 

1s to be expeoted tl"om the high alkali eonten.t . ot thls c1a7 

and the presence ot non~cilay minerals (illite) w,ould a4'Qoun.t 

f'o r this diftoren~e 1n beluav'loul' frqn tho kaolinite types·., The 
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silicious refractory sha les contain a large amount of quartz 

which expands on firing and counter-acts the shrinkage of t he 

clay minerals present. The comparative coarseness of the 

particles causes the quartz to behave individually rather t han 

to form a eutectic with the clay minerals which accounts for the 

relatively high refractor iness of this clay. The carbonaceous 

type of flint clay contains sUfficient combust~ble matter to 

require pre-calcination before it can be used. 

X-ray examinat i on of the commercial high alumina clay 

shows kaolinite as the only mineral present and it is suggested 

that such clays re present a high alumina member of the isomorphous 

kaolinite - anauxite seri es. 

An intensive s t udy of the lithology and ceramic 

properties of typical Mi ddle Ecca strata shows the pronounced 

variations in cerami~ properties of the strata found within 

short distances and emphasizes the need for careful selection. 

Some of the poorly plastic typ~rs of refractory clays were found 

to respond satisfactor~ly to alkali treatment in a preliminary 

investigation of the improvement of workability by this means. 

The Union is self-sufficient with regaro. t0 clay 

ref~actories and is in a position to export. The producing 

plants are located in Vereeniging, Olifantsfontein, Boksburg 

and Springs in the vicini t y of the principal consumer centres. 

~hese South African products are comparable with American and 

British ware and the future of the industry is dependent upon 

the continued application of improved methods in research and 

development. 
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.I - Il!TRODUCTIOI1 • 

\EUtRAL STATCIXIJT. 

The tero "refractory ,clay" is applied herein to those 

clays which do not f'use below 1,680°C. li'. and a.re principally 

used ror the nanufacturo of f~re-cla.y · re\fraetories, inelud.ing 

firo-briclc and fire-clay goods. 

Firebrick axe structural materials used at high temper---
atures in industrial furnaces and fire-clay goods embrace such 

allied :material~ as assay waret crucibles, insulating firebrick, 

and vnrio~s .specialty products including mortars, ramming mixes, 

cenents and VJ~ll coatings; nll of \1hich are intended for service · 

at elevated temperatures.; 

Fire-clay refractories are required. in large quantities 

tor boiler settings where steao is .raised tor the generation of 

pm1or and as a ,source of bea·t and .for the commercial. production 

ol" iron and steel and many non-ferrous metals. Other important 

conoumars include the portland cement, lime, ceramic, glass .• 

. clleoieal,, and. food proce.s.sing industries, railtvays and shipping. 

Ind,eed there are bu.t few industries of rnore basic importance to 

the national eoonomy than the manufacture of fire-olay refract­

ories and the fortuitous occurrence of ·extensive deposits of 

refractory clay near the industrial centres o:r the Union has 

been a loading,. though not generally appreciated, factor in the 

economic o.evelopment of South Atriaa. 
. •. 

The domestic production of fire-clay rofractor.ies 'began 

·before the Anglo-Boer \lar and has developed rapidly ln recent. 

years especially during rorld t:ar II until today the Union 

is practically .salt-sUfficient with respect to these essential 

coran.odities and is an active exporter of these products ns \•Jell. 

Refractory elaya of economic importance to t.he Union ot 

South Africa have so t'ar been obtained ,only f.rom d,epos:t ts of' 

* pYrometrtc cone equiValent (P .. c.r:.) -- 31. (A.S.,T .• t:. 0.24-42). 
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'? 
Middle Ecca rocks of the Karroo System in the Transvaal .... 

Locations of the producing fields are shown in the 

a.ccompanying·map, Fig. 1 •. Other occurrences have been 

reported from elsewhere in the Union but no deposits 

comparable commercially to those in the Transvaal are 

being worked at this time. 

The purpose of this thesis is to describe the occur­

rence, nature, properties, and utilization of the refractory 

clays in South Africa with particular reference to the 

Transvaal deposits, focusing on those characteristics which 

may be of direct value in the future development of this 

important mineral resource. 

Principal attention has been devoted to producing 

areas and-generally confined to those materials used in 

the production of fire-clay refractories; however, in many 

cases these identical clays are employed in the manufacture of 

ngolden brown" building brick, sewer pipe, earthenware, etc. 

A fundamental study of the constitution of the commer­

cial refractory clays was carried out on selected sample.s 

obtained from operating workings. The differential thermal 

method of analysis was featured in these studies, supple·­

mented by X-ray examination and other recognized determina-

tive procedures. The basic data so obtained were correlated, 

where possible, with the ceramic ·properties of the clays in 

· order to lead to a better understanding of the relationship between 

· the refractory clays and the ware made from them• 

PREVIOVS WORK. 

The number of workers publishing results on the refract­

ory clays of the Union have· been strikingly few. Except 

for occasional brief :references in earlier literature, these 

~aterials were not the subject of an adequate report until 

1916 when Wagner ( 1) discussed the occurrence of the 



the denos1ts nt Boksburg. Tittle furth~r information e.npePl"ed 

in '1l''int f'l'o'!l 1.916 to 1941 ~rran BosDztr.e renorte6 on the clays 

f>f denos1 ts of ":eco. f.tre-clnv toa,ct~f'!" w! th ehe-,1 t-nl nnl5 nhvnlen"l 
" ' 

ious aspncts oi' the stud~ of c1a~s., and he f'tlrthf'-r trePtC'"d t'ha 

subject tn a nubli shed thefi1a in 1946,.. (4} lful"ens publ.is~ed dnta 

em t'he speetro-e,B""\i.cal nna1"".Vsi s of SO"...ltlol r rr:o. can c1..,"Ts, i~elud.­

in.g ~ec~ fire-'ela•vs, in 1945 (5), and \"'Tnrde ~nd Demrssc'!-ten con­

trib,,ted ,...n nrttcle {)n the differ>enttnl t~r~..al. annlvs-ts of S~"ne 

Sout'h .";fr~ c'"'n '!"efrocto:rv cla.""'s i.n 1949 (6). . . ~ ~ 

"":'cyn rocks of the Trancvf'al hnve ap-per-red 1n t'ke l!tcr'!'l"U!"(h nnd 

excellon.t accounts ,.,..o ftivon 'by ... "'1env;r.aaf (1904) (7}. *il'el1or 

(19:>6) (8), and Dt1 T(')1t (1939) (91. 17i"'e sub5ect is tre:lted 

f.urvev enver1ng r.''"~~~ ·nn!:1('1r1a1n .by t~1Gaf' t't"!Cks~ Tho ~'~'ene~•nl 

(\eolor:y n:f tho iJnion'is wio>ll st·rmt~T"17.ed by Dt:t·Tnit {9), i:l"~"llton 

o.nti C""'o1·fi (10)., and ·the ,.'l''t n~ror-1 · Res"''ll"Cf'S of· t'he TTnion (lJ ) • 

1nterrunt·nt1 tn "'ctol!er~ 1942, hecnuae pf t"'O r1enr;rt-~re ·Of tt,e 

wr1 trr fro:'"l the 11n1~n on r~t4'tre service w1. th t~G Tfn1ted ;.?t.ates 

"rw n!'.il the interrtrpt1 on v;r~ further nroli'\T'IC"Of' bv t'ito \Vr1 ter' s 

Governo:r o:f Gor-nan:v. (ry. ~. '"'one). · T'"!":e worlr wes rar:m:lf>r1 in 194'7 

nf'ter t."lc write ..... 's r'et1,rn to ~-.. ut~ f'fr~ca, tmd this t'hesis was 

subr,1i tteti in July~ 1949. All of tho f1 eld Trork and laboratm'Y 
.• 

I. 
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invmstiga tions took pln ce '\;vi thin the periods menti0ned. 
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STR TIGRAPHY 
-, 

General St atement 

The refractor y clay producing r egion i n South fric a 

is restr icted to areas in t he Transvaal which are underla in 

by Mi ddle Ecca rooks of the Karroo System. 

The geologic format i ons exposed i n t he Tr ansvaal 

r ange from t he Archaean Archaeozoic to Recent Mesozoic in 

age . Recent deposits of sand , limestone, laterite , and 

occasional gr avel patches cove r much of the te r r ain and 

mas t he under lying f o at i o s . 

An outl i ne of the pr i ncipal geological fo r mations 

found in the Transvaal is given in descending -order in 

the following t able: 

Table I . 

Geologic Formation~ in t he Tr ansvaal . 

Stratified Formations: 

Sys tem,. Series . 

Recent 

( 
( 

Stormber g 

( 
( 

Karr oo { Beaufor t 
( 
( Ecca 
( 
( Dwyka 

''at erber g 

Uthology. 

Gravel , sand, silt , mud . 

Surface limestone ; t erri­
crete. 

(Bushveld Amygda loid 
( 
(Bushveld Sandstone 
( 
(Bushveld :1a rls 

Sha l es, sandstone , coal 

Sha l es , sandstone , coa l 

Sha les , "till ite " 

Sandstones , sha les, con-
glomer a t e s 



ystem,. 

Transvaal 

Vent ersdor p 

\ 'i t wa t rsr und 

ongola 

Swaziland 

Int rusive s : 

.. 7 -

Table I (cont'd) . 

Ser i es. 

( oo i berg 
( 
(Pre t oria 
( 
( olomite 

fmack eer 

( imber ley­
(Elsburg 
( 
( ain- ird 
( 
(J e pestm~n 
( 
(Government 
( er 
( 

Lithol osz. 

uart zites, sha les , lflvas 

hales , l avas , quart zit es 

Dolomite • chert , shale 

~uartzi te , shale , conglon­
erates ~ 

Lavas , quartzi t es , conglom­
er at es. 

uart zites , s l at es , con -l om­
er a t es 

-<lo- -do-

andstone hal es 

"uart zites , shal es , 
conglomer at e s 

. (Hospi t al Uill 
( 

~uartzites and shal s . 

( ooini on eet Lavas , ar kose , quartzite , 
eongl o er t es . 

(Upper 
( 
(L<1t1er 

( oodles 
( 
( 
(Onverwacht 

uart zites, oongl oner a tes , 
shales and l avas. 

-do- --do-

.~uartzites , lavas , chert s 
banded i r onst ones. 

-do- -do-

Dolerite (l ate arroo) 

Doler i te (pre- arr oo) 

"Bushwld 
I gneous 
Cooplex" 

"Jane stcmn 
I gneous 
Compl exn 

(Red Gr anite 
( 
(Granite porphyry 
{ . 
( or phyri t i c granit e 
( 

( ori te 
( 
(Gra.nophyre 

(Ol d Granite . 
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Pro..;;Knrroo Rocks of the Transvaal. 

The pre-Korroo rocltS exposed in the Transvue.l, many 

of which contributed sediments .for tho formation of the 

l'efractory clays and associated t!icldle. Ecea s.trataji ~Y be 

Stl!!ll'lliU'lzod as follml!is :-

Fundamental Complex .• 

· The oldost known rocks in the Transvaal are tha 

sadimen.ta.ry and volcanic types grouped .under the .heading 

"Swazi.land System" .t nhich are best devo.loped in t.he Bal'barton 

area. with :oecas1.onal occurrences in the t:urellison Ran~.· 

Intrusive into the roc1cs .of the Swaziland Systel!l is a w.1da­

spread mass of' granite and gneiss which is called the "Old 

Granite" to distingu.ish it fr.om the later "Red Grantten of 

the · Blts.hveld Complex .. Tha old Granite crops out ovor an 

extensive area in the northern and eastern Transvaal and 

is represented by a large oval .outcrop about 20 miles n.id.e 

ex.tonding almost from .J"oha.nnosburg to Pratoria."! . · 

Pongola System. 

The Pongola System comprises a series of quartzi'te:s, 

. p~llltcs, and amygdalo1dal andesites with occasional shales, 

·conglomerates, and ironstones. The system occupies an area 

.in the south-eastern Transvaal. 

v:1 t\'1o:te rs:rand System .• 

Thi.s system inc·lud.es nlte:rnations of argillaceous 

and arenaceous sediments probably derived tram tho d·enudation 

of a region of St'Jazilo.nd rooks ond Old Granite to the north­

west of the present \'Jitl?atorsrand \'1here the systen is best 

knot'l.n. The· rocks. of this .system rest on the Old Granite and 

arQ goncrally overlain by the Ventersdorp Systen:t-. The t'i.t­

t7atersrand rocks occupy o.n elongated synclinal b-:lsin stretch­

ing from tbe 1iitwatersrund, south to Vredefort .in the F.ree 

State, and from \':olmaransstad in the ,;iest to Springs in the 

east. The maximum thickness of strata assigned to 
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tha \71twat·arsr.o.nd i.s about 24,000 ft. on. the central Rand. 

The gold-bearing ~onglomerates of this system are the most 

important strata found 111 the Union from tho point .of view 

of national t7ealth.. 

Ventersdorp ·Systen . .t 

This ls. o.h1etly a volcanic group composed of amygda• 

loidal andesitic lavas,. wh~ch occupy large are~s in tha 

southtvest Transvaal. Near V'redefort and Heidelberg the 
' 

system is dave.loped to about 5.,.000 fe·et mnde up tor the most 

part of' lavas • I'!car Kempton Park • strongly developed bods · 

of agglomerates are found nt ·the base of the aeries~ In 

tho IC~erksdo-rp and Ventersdorp areas, the system .l'ncludes · · 

qunrtzites and boulder beds as well as volcanic breccia 
' 

and on upper zone pf quartz porph;n:>y. 

T.ransvaal System. 

The Transvaal .Syatem, .including sever,a.l well zreoog­

nized series; is the oost widespread of the pre-Karroo 

rooks found in the Union. 

Black Reef $arie.s: The Black Reef Series which ineludes 

quartzites and conglomerates ni th ocoanional shales or slate.s 

is the basal oamber ·Of the Transvaal. systeLJ. .. 

Dolomit·e SE3ries: The Black Reef is overlain by the Dolomite 

Series in V1hich the predominating rock i's massive dolo:mttio 

limestone more commonly ·Called "dolomite". The top o.t the· 

· series 1a goneral1y marked by a thick band of chert knm-rn, 

as the . "Giant Cherti", and nume.rous bands of chert and 

banded ironstone occur in· the series. The dolomite is 

grey in colour !J finely ·crystalline, and .on weathering 

exhibits a pecuJ.iar surf.ece resembling elephant :hide VIhiah 

is responsible for its descr.ipt1ve term "Olifantsklip11
• 

It vo.ries in ·thickness from 120 feet .near Carolina to 3,500 

feat .near Ha~nartzburg in the northorn Transvaal. 
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Karroo System --General. 

The Karr·oo System., ot vvhich the r efr actory clays and 

as socia t ed r ddl e Eeca s t rata form but a ve ry smal l part, 

is the most widespr ead and dominant stratigr aphic division 

i n South Africa . The r emnants of t his great t hic me s s of 

stra t a t oday cover more t han half of the Union and have 

been recognised i n South- iJest Africa , t he Rhodesias, Nya.sa ­

l and, the Belgi an Congo, and even further north on the 

African continent. 
'" 

Fossil evidence indica t es tha t the Ka rroo System does 

not corre s pond exac t ly ith any s pecific period in the North• 

ern Hemi!3 phere sequence but ., r angi ng in age from t he Uppe r 

Carbonifer ous to the Jurassic., it includes severa l recognised 

systems of t hat sequence . Du Toit ( 9 ) points out the close 

similarity in the lithology of the rocks and the char acter­

i s t i cs of the fos sils cont ained i n them in t he Karr oo System 

of South Africa and corres pondi ng sys te 

and South America . 

in Indi a •· Aus t r a lia 

The Karroo rocks occur· in a huge s hallow trough which 

occupies the central por 'c;i on of the Cape ovince , the entir e 

Orange Fr ee St a t e ,. t he western part of Na t al and l arge a r ea s 

i n t he Transvaal. This enormous basin f or ms t he mos t 

prominent structura l f eat ure in South Africa . 

The System atta ins maximum development i n the " Ka rroo 

eglon" of the Cape Province where t he t ype area is loca ted . 

He r e a succession of about · 2o , ooo t eet of s trata is a s signed 

to t he Kar roo System. The t hickness of the System i s consid-

erably r educed in the or t he r n par t of the Union, where the 

member s a f e l ess Je ll deve loped and some p rtly or ent ire ly 

mi ssing , and r a rely exceed a feT;'l t housand f eet . 

The Ka r r oo Syst em i n the Union cons ists principally of 

sands t one s ., s hal e s , grits , and conglomerates l a i d down for 

t he most part by fresh wat er agencies ~ The base of the Ka r ­

roo i s c omposed of a s e ries of de pos i t s which v1e r e products 

of wi de s pread gl ac,iation in con,trast with t he close of the 
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Karr:oo period which vm.s markod by extensive volcanic activity. 

The constancy of chnrncter and widespread distribution 

of the Rarroo System give .rise to the devaloprn.ent of sor.:te 

o:r the principal ·physical f:eatures of South Africa. The, 

dry sandy uplands brol(;a.n by occa,sional: flat-topped buttes 

·, •. A, and mesas are oharacterlstic. of the·~roo Reid-on". ~t the 
•,•·.itt: 

int·el-io~ plateau.... The deeply dl,ssected topograplJ31'. of the 
., ........ 

·.·.~fj.. 

eastern part o.r the Union,. inc~uding. Basutoland; is. also the 

·· .·. · -~' result of weathering o.:r. the Ka.noo rocks.. :rn the Transvaal 

the xarroo strata, .Pr-oduce vast expan.saa of gently undulating 

.... ··'*'.;~ ......... terrain 1.lllm.rred by sharp topographic features • 

. ;._·,~·-+ 

. Ka.J:roo System ~- Transvaal Facie~. 

The xarroo System in the Transvaal differs apprec­

iab]Jr nom the Douthern facies as found in the Cape Province,. 
·'-'.p i.... .·:!;. 

In the Transvaal tha sue,cesston ia much thinner and oo:m 

.::;. 

impe~fectly represented trKm farther south; further. the 

glacial depnslts so oons1st·ont .in tho South aro· only deve,lopod 

.. , sp~rndioally in the I~orth.. Tho .nort'hern Ecoa IlWmbpr is ·dis­

,,. .. similnr in lithol.ogy to the soutl1ern equivalent. and .. ·.carries 
coal;• Finally" a hiatus exists in the .northern stra:ta re-· 

" -> · ' ,, ·presenting the abaenoa tlf the upper part of the neaufol'"t se­

,, ·· ' ·· ries_t and 'the Stormberg rocks rest directly on ·the"" Ecca or 
-...:'\'. . .·.it, i}J 

olde-r :t'ormat1on.s. ( 9 ) • 
·::-) ,,. 

'The main divls.ions of the ltarroo System 1n the Trans-

vaal t'1ill be descrxi bed below with' special roferen~e to 'the 

DWyka sc:ries and Uiddle Ecca stage because of their particular .-
-- ~· -···- . - ' ._~ .. ~ .:~~.~··. . . - ' . . - - --

associntio~l'{VIith tl1e .rofractol.'y clays. The baeal Karroo Con-

glomerate is also mentioned ,s1nce it .is .an inlpo.rtant .horizon 

'• i""dll'ker along n1 th tho Dwyka Tillite., A map showing outcrops 
:..":"~- ....... . , ... ;?:* 

of the Karroo formati-on~ '. .... . ~ in the Transvaal is given in 

Figu-re 2.-

,:QVIYlta series_. 

The !Ulrroo sediments throup~out the southern. Tl'ansvaa.l, 

northern Free St..ate,, and Natal. ar:-c ga~arally tmder.lain by a 

peculiar 'boulder-bearing rook which is probably the most 

.generally recognised horizon .in the tvhole of the geologic col-

.',.; 



umn in South Afr.icao Thi~ I,'OCk ha,s long been recognised as 

a ma.rl\:er in pr·ospecting for refractory clays and is used ex­

tensively as a guide in :Searching ;for coal. 
' 

,. 

As far back as 1868, geologic ·opinion was advanced 

that this boulder. bed was of g~aci~l· origin. Dunn. in 18.,3 
'· 

pr.oved that this boulder bed was continuous with the stratum 

in the Southe.rn K:arroo to which he ga"ire the name "Dwyk.a Con-

glomerate" after an occurrence in the Dwyka river near Prince 
l . ~1 • 

· Albert; C .P •. Fe.nck introduced the more acceptable descriptive 

.term "Til1.ite" for this rock from the soft "till" ·or glaci_al 

bould,er clay from which it was formed,. After a long sto1"Illy 

session whi.ch gave wide.spread publicity to this interesting 

portion of Sout.h African stratigraphy 1 the accumulated evid• 

ence has 'been accepted as confirming this opinion (12). 

Du Toit .( 9) calls attention to the continental dim~ns-
r 

ions of the ice mass that .acted as the agency of rormatio.n and 

refers to almost identical :deposits in India., Australia and 

South America. ·Of • simil-ar geological age. The mechanical dis­

integration aceo:mpanying ·the movement of the glacier which 

transported roclcs ·Of various origin, and the subsequent depos­

ition of this material 9n the land surface vvhere it was exposed 

to a long period of sub-aerial lt1eatheri·ng in the Transvaal had 

an important bearing on the .formation of the refractory clays 

and other strata ot the later Midd.le Ecca stage .. 

The DWyka "Tillite" is composed of a generally argill­

aceous matrix containing pebbles and boulders of a large ·var­

iety of pre-Karr.oo rocks .ranging .in size from huge blocl(S 

weighing several tons to mere grains. The d1.stribution of' the 

rocks and pebbles in the gound mass is independent of their 

size and shape t Vihile the smaller fragments are commonly ang­

ular,, the larger ones show a certain amount of rounding. 

,, Many of the boulders exhibit the scratch marks or "striae" 

found: in glacial ground moraine ar.;.d the striated old land mass 

over which the ice sheet moved is sometimes visible. 

. ·. 

L 
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. J:-t;:;i:S.generaily considered tllat throughout most o.f the 
·, .~' . _, .. ; ' . 

region underlain !)y the Dwyka; the "Tillite" was a moraina1 

.material associated w~th continental glaciation. After the 

melting of the glaciers this mo.raine became buried under 

later Karroo sediments. ln the Trffi1svaal, however, ·the 

elevated region covered by the· moraine was apparently ·exposed 

to weathering agencies for a long period after the disappearance 

,of the glacier. In consequence the "Tilliteft of the Trans­

vaal is thin and .irregular and missing in places as a 

result or post-glacial erosion. Further~ having been· 

bleached by long exposure it is quite qifferent in appearance 

and texture .from the Dtvyka tillite found in t;he souther.n ex-· 

tension of glacial activity. There the typical development 

of this stratum is a hard; bluish, sandy mudstone containing 

scattered boulders so well embedded in the matrix in many 

·eases that the rock .fracture.s a.cross the inclusions. Bedding 

is freg_uent in the southern area although absent in the north 

and .it is generally regarded that in the southern region the 

glacial material was deposited in fairly deep water, ,from the 

·melting ice and, over 2 ,ooo feet. or glacial ,sediments have thus 

accumulated. In the north the glacial sediments were deposited 

directly ,on the 1ow lying land mass and owing to :subsequent 

erosion seldom e.xcaed 100 feet in thickness. 

Du Toit lias studied the moveJ.n.e.nt of the glacial ice in 

detail and concludes that one of the thre.e principal ice caps 

connected with the continental glaciation of thi,s period in 

South Africa. was located in tlie northeastern Transvaal and that 

the ,dire.ction ot the ice movement was generaily south t,o south­

west as sh~wn in Figure 3, scouring over the vast 'expanse of 

rocks exposed ,on the old land surface and 'transporting thi.s 

material elsewhere to contribute to the f'orma.tion of the re-

.fractory clays and associated !.liddle Ecca Strata. 

The '"Tillite" often has a local character because or 

the preponderance of debris derived. from rocks UD.derly1ng the area. 
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It weathers very easily and consequently it is seldom found in 

outcrops, although its presence may be indicated on the surface 

by numerous scattered boulders embedded in sandy soil. 

The Lower Dwyka Shales and Upper Dwyka, which together 

with the "Tillite" ruake up the three divisions of the series, 

are not recognised iri the Transvaal. 

Fossil evidence points to an age corresponding approxi-

mately to the Carboniferous of the Northern Hemisphere for the 

Dwyka Tillite. 

~Bas·al Karroo. Gongl omerpte 

In many areas in the Transvaal overlain by Karroo rocks, 

the characteristic Dwyka Tillite is not recognised and the base 

of the Karroo is co1llposed of a secondary conglomerate which is 

frequently confused with the older "Tillite" from which it was 

derived. rehis conglomerate has been formed by the denudation 

of the "Tillite" and through "reworking" under fluvial con­

ditions it has been transformed into succeeding sedimentary 

strata. 

'rhe existence of this derived conglomerate was well re-

cognised by Mellor (8) and he offers the following distinguishing !f .... 

criteria: ~~~ .. 

"Tillite" Derived Conglomerate 

1. Absence of grading and 1. Hough grading apparent 
arrangement of pebbles. and general orientation 

of boulders and pebbles i: 
with larger axis parallel 
to bedding planes notice­

2. Matrix unstratified and 
frequently clayey in 
nature. 

3. Stratification absent or 
local. 

4. Shows great variation in 
thickness and level over 
short distances depending 
upon surface contours of 
underlying rocks. 

5. In most cases lies directly 
on rocks of older systems. 

able. 
2. Matrix usually stratified ,,, 

and always sandy. ~ 

3. Stratification frequently 
persistent over long 
distance. 

4. Not so variable in thick­
ness and maintaining same 1 
general level over large '·' 
areas. 

5. Frequently succeeds or 
interstratified with beds 
of Karroo sandstones or 
grits. 



LATE I . 

S.~. .Cil:EI OF tnE.UV,JD CONGLO R 1 ' " (D · L KA 00 COl GLOI RA i' ) 
VE 'ENIGI G A A . 
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This derived cong l otn(rra.te is ene r a lly c onfined t o t he 
-'· 

portion of the strata be tvJeen the "Til l! t e " ... a nd t he ~id.dla 

, cca aud may be the basal member or the Kurroo in s ane r e gions, 

in which case it should be recorded as the Basal . arroo Con­

glomerate since no definite age bas been assigned to this 

stra tum. 

The pebbles and boulders of t he congl omera t e include the 

same varieties found i n the Dwyka "Tillite" fro which i t was 

derived. Thi s conglomerate i s usally associa ted with fine to 

coarse grained sandstone, frequently mas sive and gener ally 

lenticular. 

The secondacy congloiOO rate is dif ficult to distinuis h 

f'rom the Dwyka Tillite when seen in small weathered surface 

exposures or in bore-hole core s; h~vever, if the rock can be 

examined in a suffic ient l y l arge exposure it ca n generally 

be told rro.m the "Till ite" by 'e llor•s criteria . An exce llent 

e xposure of t he secollda ry connlomarate i s t o be seen in t he 

Vereen1g ing distri ct on t he Far m '" lippl aatdritt 83 • "~<'Jhere i n 

addit i on to t he exis tenoe of the d i s t1ngui.shing IJriteria 

just mentioned. the congl o erat e in t hi s exposure cont ains 

large fragments of soft clay from the underlying Transvaal 

roc·-s \'lhich by t heir nature could no t have withSt ood t r ansport 

by 5 l acia l ice • A typical S~O iL"IlBn f r om this deposit i s 

shown 1n · late I. Similar rock containing soft clay· f r a ents 

was noticed tram the base of the Karroo in a pr ospect pit on 

the Farm Rietf nte·in 14 • near Springs .. 

The a rea l ext ent of t his basal Karroo conglomer a t e is not 

accura telY' known and it i s pos sible that strata a t pr esent as­

signed to t ha Dwy ka "Tillite" in lili1DY areas shoul.d more proper­

ly be described as Basal 1 a rroo Conglomer a te. This r oo .:; offers 

an interesting subject for turthar regional study. 

Ecoa aries. 

The Dwyka " Ti llite" or the Basal. Ka rroo Conglome r ate is 

follcmed 'WlCOIIformably i n the Tr ansvaa l by a succe s s i on of 
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sandstones, r its, sha.le·s , refr ctory clr ys, a.nd coa l s o .s, 

with ooc s iona l stratified conglomerates, which f o t he mo.st 

conspicuous part of the ... rroo ystem in the Province. Du Toi t 

( 9 r-,e after a study of thta phasal varieties of t hese rocks 

ssigned them to the · i ddl e Ecca . The LovJer Ecca, e ll devel­

oped in ondoland, i$ not important i n t he mransvaal, · hila 

the Upper Eccl;l , repr esented by a t h in group of dar k blue shales, 

overl i es the " i ddle Ecca in only lirllited area s in the 1.Tansvaal. 

more detailed a ccount of the i ddle Eooa roc lrs which 

include the .r e f ractory clays :Till be given sap J..ately in view 

of t heir importance to t his study. 

Beaufort Se r· es. 

The Beaufort Se rie s which foll ows t e cca conf ormably 

is found in a ve r y small area in the southeast rn Tr ansvaal 

whore it is r epr esented by sandstones, I:llldstones, and s hales. 

The uppe r part of t his s e ries i s mis sing i n t he r-ansvaal. 

t ormberg Series. 

The Stormberg Seri e s in the Tr ansvaa l i s re r esented by 

the Bushveld marls, Bushve l d s andstone, and Bushveld amygdalbid 

which overlie the Ecea i n several patche s i n t he northern part 

of the ? r ovtnce. 

I gneous Intrusives. 

The Ka.rroo sediloonts and older r ocks were invaded by 

numerous sills and dykes of dolerite during the peri od of vol­

canic activity that mar lced t he close of the Ka. rroo ystem. 

The sills, trequently of great size. are generally c onfine d to 

the f l a t lying sedimenta ry beds of the rroo while t he dy.-es 

occur in these as ~ell a s in t he older rocks . 

~ iddle Ecca tage .• 

Genera l . St atement. 

mhe i ddle Ecca s tage general l7 occupies depre ssions i n 

the old l and surface wh i ch have s e rved to preserve t he se roc~;:s 

from the subse uent e ros i on that ha s r emoved most of the :ria r­

roo s trata from the Tr ansvaa l,. The refractory cla ys are f ound 

interbedded with t he ooal seams or i n overlying s tra t a separe.t-
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ed from t he co l s by a cons i de r able t hi ckness of i nt er veni ng 

roc <:S . In s ome deposits it is extreme ly di f ficult to cor r e l a t e 

t he pos ition of the c lay beds with the coal seams since t he 

coals a r e f r equently poorly developed or missing in many ar eas 

vher e t he clay occurs. 

Physical Geology. 

Regionally , the l· i ddle Ecca trata lie nearly horizonta lly 

and so give rise to f l at or gently undulating t er rai n t r ave r sed 

by poor l y defined mar shy wa t er courses. The surface of the 

terrain i s c onspicuously l acking in outcrops. Where t he olde r 

rocks which do crop out a r e in contact with t he r.:i ddl e Ecca t here 

i s usual lf a mar ked di ffe rence in the topography of t he l and 

surface underla in by t he two types of strata. The surface of 

areas underla.in by the Mi ddle Ecca is gene r ally cover ed with 

ye l low t o red sandy soil which usua lly masks t he char acter of 

t he underlying s trata and extends beyond t he l imits of t he 

i ddle Ecca ., obscuring any contacts t hat may occur. ccura te 

mappi ng of the i ddl e Ecca is t herefore exceedingly di f f icult. 

The "i ddl e Ecca l and surface i s generally covered with gr ass 

and t re es a r e scarce.. The pr esence of "pans" , shallow de pr ess-

ions re sulting fr om surface e ros i on , is a common topogr aphic 

f eature of r egions under l ain by 1i cdl e Ecca roc s and s ometimes 

i ndicat es t he existence of clay str at a . 

Di s tribution and Thickness. 

The ~i:iddle Ecca s t age occur r ing i n t he southeas t ern 

Transvaal r epr esents a nor thern ext ension of t he Karroo Sys tem 

which covers t he Orange Free St ate. Besides t his connected 

area, numerous patches of Ka rroo s tra t a occur to t he nor th and 

we st l ying conforma.bl.y on r ockS of t he swaziland , v·itwater srand, 

and Transvaal Systems . Thus patches of ~~dd le Ecca occur on 

the South Rand and a t Boks burg , overlying t he Hospi t a l Hill 

Series and t he Kim.ber ley-El l sberg eries , hi l a a t Ver eenigi ng 

they rest on the Dolomit e Series. At Belfast t hey are under ­

l ai n by the Pretor i a Series and north of r e tor i a a t · .a t e·rva l 
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Grits: The grits occur mainly in the lower portion and middle 

portion of the Middle Ecca and fre quently form the only prominent 

outprops of this stage. They are generally associated with se­

condary conglomerates and s ometimes contain pebble washes and 

small boulder "erratics". The lower grits are usually more 

variable in texture than t he upper grits. The upper grits are 

fre quently very coarse and are characterised by a great uniform­

ity of grain sizing, the particles averaging one eighth to one­

quarter inch in diameter. The grains are irregular, angular 

and in general show little signs of attrition. The outer surf­

ace of the grits .is · usuall y much harder than the inner portion 

which according t o Du Toit (9T is apparently due to secondary 

silicification. The diffe r ential effect of silicification 

gives rise to the peculiar type of weathering often seen where 

grits outcrop. 

Sands-tones: The sandstones show a wide variation in texture. 

In some areas they merge into grits, in others they pass into 

sha·le s. The coarser sands t ones are usually massive or thickly 

bedded while the finer var i e ties are often thin1y laminated and 

micaceous. The upper sands tones are generally composed of 

quartz grains set in a matrix that is well kaolinized and some­

times these sandstones pass into arkose. The coarse-grained 

sandstones, which are fre quently lenticular, are quarried in 

some localities for building stone. 

Clays: The clays of the Middle Ecca include mudstones varying 

in texture from fine grained soft material to hard indurated 

rocks that break with a conchoidal fracture. Iron and manganese 

oxide penetrates along bedding planes or traverses these roc ks 

in more or less irregular manner. Some @! t he clays show a ltern­

ating dark and light banding r e sembling varved clays. (The 

refract ory varieties of the Middle ~cca clays will be fully 

discussed l a ter in this work.). 

Shales: The shales are ge nerally a renaceous i n character and 

might be best desc r ibed in some localities a s finely lamin-

ated sandstones. They f r equently contain carbona ce ous matter 
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in the lower portion of the stage and are some time s highly 

micaceous. Like the clays t hey sh0\'1 evidence of t he penet-

ration of iron and manganese. ad shales usua lly occur as soc-

i ated with the coar~e grits and massive sandstones and are 

probably formed by t he secondary infiltration of iron into 

thinly l amina ted clay shal es. They are hard, thinly l aminated 

rocl(S rich i n iron oxi des fre ue-nt l y resembling i r onstones. 

Gypsum is s ome t imes f ound i n t he sha l e beds . 

Coals: The Li dd le J£cca s t t:.<ge is the principa l coal-bearing 

horizon i n the Uni on. e~s of wor ~able coa l ar e generally 

confined to the l ower portion of t he succession and their most 

striki ng ~haracte ristic is t he great t hickness some times 

encountered, seams 10 to 20 t eet thick not being unusual in 

the Tr ansvaal. The coal s are g nerally nc:u-coking nd high 

i n ash .. They ar e r egar ded f or t he most pa rt to have been fo rmed 

in situ in wide swampy flat s under cold and humid conditions. --
The tor banites, oil bear ing shal es , of t he Ermelo and '::a lc.'l(er­

stroom districts ar e closely associated vv ith t he coa l s and 

some t ime s form a compound seam of coa l and shale. 

Super f icia l Deposits. 

Considerat i on of the superficia l depos its overlying the 

i ddle Ecca rocks i s of im?ortance i n mining IDperations. 

' Are as under l a i n by t he .' i ddl e Ecca strata are generally 

wall cove red by sandy s oi l or fe r r icre te. and is de r ived 

f rom t he under lying sandstone s or grits and f or· a highly 

pervious mantle . Though not c onfined to the !..liddle Ecca, the 

form.atior.~. of the "f erric retes" by iron-secreting bacte ria has 

been active owi ng to the porous nature of t hese rocks. The 

formation of hyd r at ed iron oxi des f r om t he decomposina under l y­

ing r ocks has gi ven r ise t o the t ypica l s l aggy-locki ng , yellow 

t o red l a t eritic r oc s, co , only cal led "ouklip" , whi ch possess 

t he char acteristic p.roper ty of har dening on expos ure. 

Deposits of silica ., res mbl ing the "silicretes " of the 
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Cape, are also encountered in the su erf i cia l portion of the 

outcrops of l i ddle ~ cca s andstones and r epresent the a lter ation 

':1f pre -exist i ng rocks . ur f ace limestone s or "ca lc r etes" are 

more rare ly encounte ed . Gr ave l beds r e fa irly co 1 on in 

areas unde r l ain by the ,~iddle Ecca and i n s ome r egions a 

consi er able t hickne s s of s oft ., pl ast i c, "soapy" clay is 

encounter ed 1hich is grey to ye llow i n colour and f're Quently 

associat ed with overlying "ouklip". 

It is of economic i nt erest to note t hat the deep red 

sandy soils overlying t he ~ ~iddle Ecca ar e frequently suitable 

for the manufacture of "stock bricks" , or as an ingredient in 

clay mixtur e s f or the manufacture of r ace bric s. 

Fos sils. 

Al thougq faunal fo rms a~e r a r e , an abundant flora of f ern-like 

pl ants is pr esent i n t he ttldd le cca stage , associat ed with 

sandstones and clays. The b\t.lk of the "Mi ddle Ecca fossils 

described in the liter a ture ew e from the Ve r e eni ging district 

and are l ar gely the r esult of the car eful and per s istent ef f orts 

of Dr. T.N. Leslie. According to Du Toit t he ·dddl e Ecca 

flora can be r egarded as of Lowe r Permian age (9) ~ 

The most common genus i s gl ossopt eris which flourished 

in I ndi a , Australia , out h Ame rica , the Falkland -Is! nds, nd 

the Antarctic continent. Gangam.opteris is also conspicuous. 

Plants of large r grm!th wer e also well r epresented, being dis­

tinguished by broad impr essions i n the sandstc1nes and clays 

and some t imes noted in t he bright bands of the coal seams .• 

In addition t o the Ver eniging finds• . ~dd le tcca flora 

have also been descr ibed from Olifantsfontein (1) and Hammans­

kraal (13 ). occurring in t he sha les and sandstones associat ed 'lith 

the r efractory clays. 

The following list of fossils as s ociat ed Jith the t:i ddle 

Ecca rocks in the Transvaal is given by ellor (8). 



I 
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Glossopteris browni ana 
Uangaillopteris cyclopteroides 
~ 1-Jh enopt er is sp . 
Neuro ,)te r i s validwn 
f'hyllot heca 
Schi zo· eura sp . 

Si gillari a bardi 
'Jothro a.endron l eslii 
.r)sygoruophyl lw,.J ki d tor i 
· oegger a t hiopsis his l opi 
Car diocar pus sp . 
Coni t es 

A s pecimen of s ilicious r efr actory s ha l e wi t h glo sso -

teris flora from the Ve r eeni gi ng distr i ct is s hown i n Pl a t e -rr. 

(It i s notewor t hy that Leslie di s cove red gangru opt eris ~ 
flora directly beneat h a s tra tu1 identified by h i m as Dt; yka 

·r i.l li t c i n t he Ver eeni g ing di s trict and t his find has been 

used as evidence o f t he pos s ibility t hat t hi s f lora ap ear s 

ea rlies t i n South Afric a , asswnin that the pr .incipa l phaue 

of t he great period of glacia tion oc curring a t t he time 

s ynchroni ze d i n z·egion~ throughout t he so uthern h,eruisphere ( 9 )1; 

The basal Karroo congl omerate, erived f ro • t he Dwyka Tilli te 

and conseqllently of l a t er age, usua lly f orms t he bas e o f the 

Xa rro9 i n t he Vere eni gi ng district, according to t he writer ' s 

i nves tiga t i ons su ~por t e d by t he r ec e£t work of the Unlon 

Geologica l Survey , and the Tillite was not seen i n na t ur a l 

e:x.pos ure or· r ecognized unde r gr ound i n t he coa l 1.:ines . It i s 

s ugges ted t herefore that t he conjectures based on Les lie's 

dis cov ery may require r evision pending f urthe r rebiona l ~tudy 

of t 1: e Basal Yarroo Conglorue l·a te). 

'tea t herin "' 

The Mi ddle Ecc u roc ks weat her i n a 1Hamler which i s 

peculiarl y di fferent f rom t he surroundi ng ol der formations . 

These char acteris tics ar e of s pecia l con~i deration i n pros -

pect i ng and ru i ni ng o1' the refractory cla ys . 

Surfac e · iea the ring : I n ftne ral the only r ooks i n t he stage 

which f or.ru s urface out cro ps ar e t he uass ive grits and s ands tones . 

As pr evious l y mentione d , t he ri.t a exli ibi t a· 'char acte r i s tic 

1uod e of wea t hering whi ch oft imes r esult s L ex tremely 

f al£t as tio s cul pt ur ing . 'l'hi s phenomenon i s well seen i n the 

·~ i t bank ar ea . 

'rhe sands tones which a r e generally lentic ul a r· i n 

char acter SOi Je t imes show SlJhero i da l O% ''fla gstone t t wE:H~ t he r i nu . 

1 lJ.l ••••••••• 

I 

I 
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t he 1 t t er case t he weat he r i ng is due t o fissures ·egularl y 

arr anged t o give a pavement-like a pear ance. 

Very oe.t\a.st·bh.ally . ..,; the clays and s ha l es and even coal cl 

seams are exposed t o weat heri ng i n deep donga.s i n v1h1c case 

t he surface i s extronel y c r umbly and \'lhere t he clays and 

shales are exposed of'times t he cha.ra.cteristi c ' _onion peel" 

t n» of weat hering is encount e red.. The col our· of t hese s t rat a 

is generally much light e r a t the surta oe than that encountered 

a t depth. 

yndergr otiDd ~~eatharing : The mat e r i a l over l ying t he 1idd.l e 
'h f:~ . .,; 

Ecca roc s i s t.requently a. sandy coverin which protects t he 

from spalling due t o t emperat ure changes and 

from t he 'ac tion of v, incl s , Thi s cover i s, however, very pe r ... 

vious t o meteoric water and s a result run of f is snail~ 

The gener al ly horizonta l lie and hi gh \la t er absor pt i on pr oper ­

t i e s or '·'"t be' ·--.iddl e Ecca r ocks gi ve r i se to act ive cir'cul a tion 

1n the 's 't f!/3 ~ These e f f ects are partioul.arly mar d ·on the 

ca.r bonaeeous"'i'r oc s which decompo:se, a.ccanpani ed by a 'loss in 
1~ • .;o.· 

organic--mat eri a l and removal of pyrite to form soft laminat ed 

shales ·o·r· c lB.ys . Such a cause is general ly at t ribut ed t o the 

occurrence of "wash-outs" as pointed out by ellor ref, 

s 'omet ines t he ca r bonace ous m<.o. t e r i al may be removed f ron 

cons iderable·' ar eas by under ground s t r eams t hrough t he action 

of decomposition , s ol ution and denudat i on giving ris e t o a 

series ot subsi dences . 

Stra tigr aphic e l ationsh1ps 1 

The .:i ddl e Ecoa s t ·P'e i s char c t eriseQ by t he extr .~oe ly 

err atic oc cur r ence of the i nc luded s tr ta . The condit i on 

pre vai l s to such an ext ent t h t i t i s not possible to pr esent 

by det ai l ed sections a c l ear cut pi c tur of eve·n moder tely 

s i zed are unde r l a in by t hese roc ~s and the di f :f' i .cu l ty i s 

incr eased by t he fact t hat many of t he exi s t i ng borehol e r ec r ds 

and · Sured sec t ions 'Jere pr e red by i fferent work r s und in 
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consequence t here i s no Wlif'orm.i ty i n descr i ption and nomen­

clature. Columnar seetions of the di ddle Ecca stage meas­

ured in various areas i n the Tr ansvaal are gi ven in Fi gure 

4 ., and they demonstr· te the change in thickness and 

char acter of t he f ormation in di ffe rent localities. 

Borehole r ecords arul measured sections will be given in 

the description of' specific clay producing areas late on, 

insofar a s . thase dat a are available. 
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GEl"E T • . 

The refractory clay deposits of c · ereial importance 

i n the Union,. as previously stated, are known to occu:x- only 

in the liddle Ecea stage in the Transvaal. These clays are 

not unifol'IIlly distributed throughout the formation but a r e 

confined to certain. horizons and t o limited ar eas. Consid­

ered broadly t here are f our principal areas producing such 

clays for the manufacture of refractories: .(a) in the Ver­

eeniging district, which i ncludes a patch of Karroo repres­

enting the northern extension of a lar~e occurr ence of these 

rocks in t he Orange Free St ate; (b) an outlier of arroo rocks 

at Olifantsfontein , 14 mi l es south of retoria ; (c) the area 

between Boksburg and Spr i ngs, 'Jhich includes a l ar ge patch 

of Karroo strata and (d) the area around Hammansl raal, 16 

miles north of retoria ,. which is under l ain by Karroo rocks. 

Generally speaking, .many other occurrences of iddle 

Ecca strata in the Tr ansvaal and northern Nat a l are potential 

sources of refractory clays. Such clays are known to exist 

outside of t .he a eas mentioned above nd are used fo r the 

manufacture of golden brown building bri ck and other ware; 

however, owing to prevailing economic factors they are not of 

commercial importance for the manufacture of refra ctories at 

this time . The absence of refra ctory clays in many de posits 

of . i ddle Ecca is probabl y explained by the tact that they were 

either removed by denuda t ion or conditions f avourable for their 

formation nevar occurred. 

The refractory clays in one area differ f r om t hose in 

other areas and there ar e even mar ed variations of the seams 

within the particular areas, The character of' the associated 

rocks is a lso dif ferent i n the different areas. In all cases, 

however, the refractory clays in the areas described are either 



/ / --
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resting d i r ec t ly on the DoloW.te or not f ar d i st · t fro.· the .... c 

roc s and it i s 1nte r e '"' ting t o speculat e on t he ro l ut i on:ship 

between t he Dolomite and t he refractory olaya . 

"'inds ot Clay. 

out h Afr i can efractory c l ays may be ost sirlply 

defined f or i ndus t r i al pur pose.s as non-pl astic or pl astic , 

depending u pon the ir wor ability. There i s no ene.rally 

acce ted terminology tor a more e labora te description of 

South trican refr actory c lays although some nanufactur ers 

do mn e use or c ert a in industrial c lassifie~tions , based on 

texture, which have been dopted by ove,rsoas wor ors . uch 

a c l s s i f i c t ion is gi ven as f ollows and will be adopt e d he re 

to assist in desc:r i pt i ons of t he loca l c lays .• 

Flint Clay,. 

The flint e lnys a re s o ca lled because· f their 

t extural and s tructural r e semblance t o "flint" . hey are 

homo neous,, f ine grained ., hard, smoot h:. poorly l astio. 

and br eak with a oharucteristio conchoidal fraeture . ...he 

f lint clay-s vary in colour and though gener ally toUDl in 

various shades ot white. gre7 and black. they may a lso be 

pink. red , or bu:t'f. The colour of the dar er variotie ·s i s 

due t o organic matter and s ometimes t he c lay seam :Passes i nt o 

a bed of poor grade c oal. The pink, red . and butt varie ties 

~~e the ir c olour to t he pres ence of iron oxi de . Generally 

speaking, raw colour i s no i ndication of t he colour of the 

burned · Jare, f or quite frequently the c oloured varietie s burn 

white or buft 9 

Semt- f lint Clay· . 

This is an arbitra ry t r applied to the bu of t he 

ref r a.ctory clays in t he Union because tlley a proach t he f'llnt 

t ype 1n h rdness, In t his cat egory are included the snooth, 

hurd , dense c l ays nhioh br eak with a sub-conchoidal to sha ly 

fracture . The col ou r r ange or t he se c l ys is similar to the 

fl i nt c l ys . v ny of these c l ys shov1 t he eculiar "onion 
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peel" t ype ot wea.the ring on exposure whio.h results in a com­

plete brea kdCMn of the -clay-, through a succession f s pheroid­

al s tructures, until the material is reduced to fine particles. 

The plasticity or these c l ays is variable but it genera lly-

does not approach that of the plastic types. any- of these 

clays conta in considerable amounts of quartz and some times a r e 

sta ined on the surface wi t h manganite (MnOH) which may also 

be diss eminated t hroughout the clay. 

Plastic Clay-s .• 

The South African pl astic clays are genera l ly well 

recognised a s extremely fine gr a ined, soft, compact c l ays which 

pos sess h ighly deve loped plas t i c roper~ies and are char a cter·­

istica lly chocolate to black in colour, t hough both purple 

and pinlc varieties are known commercial.ly. These clays genel'a l ly 

exhibit a varved st.ructure with extremely f ·ine lamellae composed 

of light and darl<: coloured materia~. They ~re usua l ly less 

pure than t he flint and semi-flint types in that th~y contain 

more a lkalies, iron, and silica . These clays fre quently show 
' 

slickensides and they may be generally recogni.sed by t he polish-

ed surface that can readi ly be developed by scratching them with 
I 

the· fingernail. 
Si liceous Refractory Shale. 

This type is character ised by well developed parting 

parallel to the basal plane giving the ma t eria l a thin bedded 
be.c.f .o-b~ C.;:>.J 

structure • Although properly classified as a s ha le in geolie 

terminology t his type is herein considered a clay within the 

standard ceramic definiti on as given by the .A . S .T.:r,; . designation . . . . 
C .7l.o.42. This materia l is rich in quartz, of'ten conta ining 

up to 5 0% of this :m:l.ne·ral, :.md frequently passes into sandstone 

·within short distunces . rhe colour of t his mat eria l is generally 

pink to reddish-braun~· 

• ··clay - an ea rthy or stoney mineral a~egate . consisting essen­

tially of hydrous silicates of' a lumina, plastic when suf'fioientl.y 

pulverised and wetted, rigid when dry and vitreous when fired 

at a sufficiently high temperature " . 
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Genera l Geologic Fea tures of t he Clay D ~p o~ i ts. 

The produeti ve horizOitS of refra~tory clay i n the t delle 

Ecca a r e usua lly encounter ed at sha llov.r de pths lhich f acilitate 

. open-cas t worki ng; however , t his adv ntage is s omewhat offset by 

the t hinness of the seams and the ext ensive varia tion d l entic-

ular nature of t he s eams . Some geol ogic f eatur es cha r ac te r istic 

of these c l ay depos i t s a r e : 

(a} Faults: In gen r al t he f ault s e_nc ountered in t he cla y de p­

os i t s are on a small s cale. Disloca tion seldom exceeds three 

f'eet and more of t en t he movement is only a matter of inc.hes. 

-lie e--nside s a.ra c ommon in the pl ast.;..:; c l ays reflecting the 

slips that have occurre~. There a r e notable e xce ptions to 

the usua lly small amount of' d ispl a cement f oWld, however, as 

seen in one case a t Ve r eeni gi ng where the f aulting i nvolved 

has a t hr cwJ of up to 200 f'eet. 

(b) Fold.il¥3.: Fol di ng i s not encount e r ed in t he · i dd le Ecca strata 

in t he Transvaa l and ge ologic evidence indica tes t ha t no 

structura l changes of mount ~in build i ng intensity occur r ed 

in t h i s a r e a s i nce t he begi nni ng of Karroo t imes .• 

(c) Di p of Becls : The cl y s trata and as s ocia ted r ocks a re gen­

er ally f l a t.-l ying, di ps seldom exceeding 3°,. Gentle undula ­

tions are common a s t he beds r espond more or l ess t o the 

contours of t he rocks upon which they were de pos ited . Pro­

nonn~ed urolling", loca l in ext ent, i s f re uently deve loped 
. 

in a rea s wher e the Mi dd l e l!:cca stra ta a r e underlain by dol-

omite and s lumping has occurred m~ing to t he f or mation of 

underground s i nks. In such cases the beds show abrupt 

variation in di p c onforming to t he i r r egular i ties of t he 

dolomit e f l oor • 

(d ) I gneous Intrusives: I ntrus ion of dol erite i n t he for m of 

si l ls and dykes is fairly co on in t he fui d ' l e Ecca stra ta 

d t hey f requently alt e r t o clayey products near t he surf­

ace~ An exampl e of this i s indicat ed i n drill core s from the 

prings area where decomposed dolerite, ye llowish in colour, 

was encountered a t a depth of 35 f'ee~t! Vertica l intrusion 

of doler ite may be seen exposed i n the workings on t he Farm 
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ie tfont e in 14 in t he prings ar ea where t he y have been l eft 

behind in t he mini ng oper ations d r emain in t he for m of 

"bosses" rising fr om the pit floor. 

Descript i on of oducing Are s. 

Ve reen! ing . 

The patch of .i ddle ,. cca strat a containing workable 

seams of refractory c lay in the Vereeni gi district lies just 

to the nor th ·of an ext ensive occurrence of Ka.rroo roc s in the 

Orange Fr ee t ate . The area near Vereeni gi ng under l a i n b,y these 

r ocks covers about 150 s quare miles, but t he depos its of r efract ­

ory clay which have been worked by t he Vereenigi ng Brick & Tile 

Company Lt d., since 1883, have s o t a r been found in l imited 

extent, A ge ologic ske t ch map s howing t he clay producing fields 

a t Vereeniging i s given in Fi gure 5 . The most productive a reas 

lie t o t he north of the Vaal ive r in the Tr ansvaal since the 

Vaal i n nort hward meanderings has denuded much of t he upper 

portion of the ~idd le Ecca s tra t a on t he Fr ee St a te side . 

The Ve·r eeni gi di s trict i s underla in for the most 

part by the dolomite , which t hrough sub- surface l eaching has 
• 

l ed to the f ormation of s i nks into Ihich t he ! i ddl e Ecca 

strata have subsided . Fi e l d evidence suegests t hat t hese 

subsidences we r e gene r al ly contemporane ous with or f ol l owed 

the depos ition of t he r efractory clays . It i s a l s o quite pro­

bable t hat t hey 1e re fo rmed in pre - Karroo t ime s as well , in 

w i ch case t hey s er ved as depositional basins f or t he l at er 

i ddl e Ecca sediments . The r efractory clays repr esent terrest­

rial sediments laid d'Own in various environments . The immediat e 

principa l sour ces of t he sediments were proba bly t he Dwyka 

Tillite that once cove r ed the area , and t he underlying dolomite . 

The predominant roc s i n t he "till ite " were der ived f rom the 

Dolomit e Series , and ves t i ge_s of these roc s are s t i ll r epr e sent ­

ed by huge blocks of "Gi ant Chert" overl ain by t he Basa l Karroo 

Congl omer at e seen on t he F r m Klipplaa t drift 83 . Fr agme nts of 

Red Gr anite s i mil ar t o t he Bus hveld .r oo s have a lso been f ound 

i n t he Basal Congl omer at e exposed on Klippl aat drift 83 , a long 



• 

f 
J 

) ) 
l ) 1 

::;: 

~ 
,;.;. 

IJ,) 
R

 
l 

.
l 

g 
cJ 

<
( 

;r; 
'i 

'2'. 
p 

i.!J 

~ 
g 

ftJ 
~ 

~ 
1 

[J 
t 

~
 

>
 

\41 
l 

l l 
) 

} 

.._, 
~ 

4 
( 

~ 
I 

IP 
l\1 

~
 

u 
~
 

) 
~ 

0 
n 

l . 
.. , 

J 
(.) 

~ 
4

' 
t 

Q
. 

'-:! 
{2 

.,-
...<:: 

l 
} 



r 

"""' __ ... 
~
.
 -·---

... 

-

I L
 

·--
~
-
.
 

..-

)-ul 
J J 

<! 
;>

 ' 
~
 

I \ 

·i \ 
, 

r\ 
1 

• J 

--
f, i 

., 
J. 

I 

' 
I, 

~
 

., 
~\)/ 

/ 

-
-
-

J 

~-

0 ~
 J J 

l
l
 

7 ( ) 
'
)
 

'o 

I 
t 

I 
l. 

~ 
-

t 
J -

<
..,__) 

,. 
-· '

(
 j 

(
)
 

l 

) 

('" 
) 

~ -
. 

L
"
.-

, 
) 

........_.,I 

t 1 I 
) r 

} 
I /_ 

'
.
/
 

I 

I 
r C

) 
_

) 
(n

 

----
_... _ _,_..._. ___ _ 

-..., 

. l l J 
v 

u 
l 

J J 
t 

-..,... 
.. 

\ l 
' 1 

"I 4 I 
t I 

. } 
(
' 

} 

r
) 

I 
. 

r I 
\')) 



t 

)-

--
4 

--...., 
'(

 
\ 1 

\ 
_

; 
_ .. ---

+
 

.--
, 

/' 
"' 

. 
' 

u. 
-'1 

' 
~ 

t!. 
l 

( 
-

,l 
I 

1--
0 

Q
 

, ... 
' 

~') 
lU

 
t 

0 
u.l 

I 
\I. 

/ 
() 

\.) 
) 

' 
/ 

----
U

l 
'-

-.:_:: r 
'l 

It 
) 

-: 
r 

s~ 
/ 

-1 
( 

I 
j 

~
 

J 
~~/ 

( 
"-' 

) 
111 

I 
i 

/ 
__ ...) 

... 
[ 

' I 
I 

,, 
I 

l 
~._...;, 

, 
.. 

\ 
I 

.z 
\ 

-<1 J 
I' 

( L
'-

C
) i• 

,...-
t 

/ 
-" 

\ 
( ' 

.. , 
,
/
 

:.,.-· 

' 
/ 

I 
,...,.,. 

i._\1•. 
Ill 

l 
-

N
 

t 
I 

-
I 

I 
,. --

.I
f
-
. 

r 
/ 

\ 

I 
I 

,.. 
---

~
-

• 
l 

J 
' 

A
 

\ 
_.-· 

\ 
__...-----

/ 

I 
i 

\. 
\ 

----
I 

I I 
) 

\ 
I 

I 
---

I 
0 - ., 

! 
.,.. 

\ 
j 

I 
v 

\ 
1-

I 
'!! 

'-.. 
\ 

/ 
\ 

---
'\ 

~
 

"::-lwfllllll 

' 
I 

\ 

,·~ 

\ 
I 

\ 

I 
\ 

J 

-· 
1 

[_ 

:t 
~
-

I 

r } l 
·I 

{ 
~ -

. L 
________ .,._ ___ 

_ _
j 

·-
~-

-
---

-
-
-
~
 

·-
.. 

_.....,. 
-
-
·
-
·
-
~
-
-
-
-
---

-·------
-
~
-
-
-
-

-----



-31-

with boulders of quar tzite f rom the Black Reef, Waterber g , 

and Pretoria s trat a , which i ndicates the varie d source of t he 

"T i 11 it e 11 
• 

As ruen tioned previously, the extreme variation of t he 

Mi ddle Ecca n1akes it difficult to ,portray by sections and borehole 

records; however, a genera lised geologic s ection s hown in Figure 

6, prepa red fron borehole data, g ives an i ndication of the stra t a 

encountered just north of Vereenigi ng . The unevenn ess of t he 

underlying dolomite f l oor i s s hown by t he s ub-surfa ce c onto ur pl an 

of the s rune area , given i n :B'i gure 7. Contemporaneous eros i on t ook 

plac e i n the lower por t i on of the s t r a t a in the Vereeni gi ng ar eas , 

as shown ·by the fr a gmen t s of' flint cla y tha t occur i n the thin 

ba ds of conglomera te occurring abov e the ma in coal s e run. 

Four t ypes· of re f r actor y clay a re reco gni s ed i n t he a r ea 

(a ) f l i nt, {b) s ewi -flint, (c) plas tic, and (d) ~Slllc'iou~ r .fr actor y 

shale. 

The fli nt cla y whi ch i s blac r:: , grey, or brown i n colour 

occurs as a parting i n the main coal s eam i n the district. This 

cla y is r emarkably co tltinuous over the area and is found i h the 

coal workings on both sides of the Vaal. In addit i on to t he 

princ i pal flint cla y s eam t _here are I.LWlierous bands of this ma terial 

occurring above or below the main clay s eam which ar e fre quentl y 

interca lated with the co a l s eams. The flint - cla y breaks with 

the typical conchoidal fr acture as exhi bited by flint cla ys in 

Misso uri and it i s further s i mi l a r i n its l a ck of pl asticity 

and sruo oth, ha r d textur e . The Vereeniging flint cla y generally 

cont a ins a large amount of or g~:mic mat ter and so.rne varieties 

will pas s as low grade coa l. 'rhe flint clay usually cont a ins 

enough collibustlbles to render it self-calcini ng s o that it 

may be stacked in heaps and set alight to remove the 

troublesome car-bonaceous material befor e being processed. 

/ 

\ 
' I 

· ~ 
I 



- 32 -

The semi-flint clays of the Vereeniging district occur 

above the coal seams in the upper portion of the Middle Ecca 

found in the district. They are usually separated from the 

coal beds by inteJ;vening carbonaceous and micaceous shales. 
'"' 
These clays vary in colour and include shad.es of purple, pink, 

• I ~ • •. • ' ' / • 

buff and grey, with the latter predominating. Some of the beds 

contain numerous visible parti~les of manganite disseminated 

throughout. Manganite occurring along joint plane.s is also 

noted in some strata. These clays frequently show evidences 

of root markings which indicate that they were exposed to 

sub-aereal conditions at least for short periods during their 

formation. 

The plastic clays have been .round in irregular sporadic 

patches associated with the top coal seam in the distri_c:t. 

They are genero.lly purple to black in colour showing alternations 

of light and dark material, and frequently contain coaly matter. 

Some varieties of chocolate ·coloured plastic clay similar to 

the deposits near Springs have been found in the area~ 

The relationship of the plastic clays to the coal seams 

was examined from a study of borehole records, The outcrops 

()~ plastic clay, when drawn in plan, appear as irregular pockets 

occu~~ing at the same horizon as the top coal seam, as seen 

~Il: F~gure 8! These pockets suggest "water holes" in ancient 

s:t?ream qhannels or "deeps" in old lake beds. The banded 

altefations in colour of the sediments suggest rhythmic 

fluctuations in their character and the extremely fine 

texture of the sediments would indicate that they were. 

laid down in quiet waters. The plant· remains associated with 

this clay, as well as its general character, suggests that it 

represents sapropelic sediments derived from weatheredand 

denuded coal seams,_drained by the water courses effecting 

the transport abd laid down in the old channels and basins 

from which coal, previously present, was removed~ Such 

types of depositions-are frequently associated with bacterial 
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acttvi ty accord:tn12: to Twenhofel.• (14) 

Silicious refractory shales are found overlvinp; the 

se'lll-fl -'tnt clnvs. These shales vary from extre>nelv fine 

grained f.'rg1llaceons shales to proper sn.ndstones and 5.n all 

cases they contain ·v1.sible ouPrtz ,-;rains. They pre generally 

pink tn cr;lour and well bedCled .• So'11e occurrences contairi 

felted masse.s o.f leaf irllprints, p:enernlly glossopteris. 'The 

perfect preservation of the delicAte plant membr~nes indicPtes 

tJ:1e.t these slJales were laid down .in extremely quiet waters. 

The .flint clay is at nresent being m.ined in the area, 

and open cast worki.ngs on the Farm Leeuwlmil 87, have ·ext:msed 

the semi-f1ints, plastics, r-md silicious refractory shales .. 

Se-'11-fllnt clays are fllso being worked on the Fnrm Koekfontein . 
87. Geologic Sections prepared from borehole records in this 

area nre given ns follows: 

Feet 

Top s·oi·l .. a •••.•.••.••.•••••.•.•• • • • •.••.••• ~ .• ,. • • i 
I10ose Sand ... ;, ••••..••••••• ,., •••.•.••••• · ....... 31 

Fireclayi black, flint ••••••••••••• 2 
Coal •••••••••• ~···~···············~ 5 
Shnle,. black, vn.'lcaceous ••••••••. ~ •.•• 27 
F~ recla:v, black, flint.. • • • • • • • • • • .• 2 
Coal, with flint clay pRrt1 ng .•••••• 23 
F5reclnv, block, flint ••••• ~·····-· 1 
Conglomerate ••••••••••••••••••••••• 1 
co·a~f. ·• .... , ...... ,. , ... ~. 0 :e ·• , •. , •.• ·•. 0··• ·• •• ·• .•. ~. 1 
Conp:lo"ners te .............. o • .. • • • • .• •• • • 4 
C0al ••••••• ~ ••••••••••••• ~ ••••••••• 3 
Ftr~cla=, blpck, flint •••.••••••••• 3 
Cnal.~···•••••••••••••••••••••••••• 2 
Congl O"YYrrrte·........... .• .• • .• .• • .• • • .• • • • 2 
c 1 ~ oa ~ •• ;........................... ~ 

Fireclay, blAck, flint............. t 
Coal ••• ~····~·······; ••• ~.; •••••••• 1 

Basal Karroo Cont;1 om era te •••••.•••. .,., • 

Feet 
r.oose ~find and gravel ..................... ,. 5 

FtreclBv, p;rey, thin-bedr1ed •••••• H 4 
Fi_reclay, fl_rey, t"l-lick-bedt!-ed........ 5 
S';nl~, refractory, ·silicious....... 3 
Fireclay, grey, thick-bedfled....... 3 
Shale, varicoloured •••••••••••••••• 6 
Flrecln:y, black, Plastic............ .. ~.-
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.. -- ·- ,,. __ .. .... ..M .. O- - -· ~- -~·-- - - _ .. , ........ _ .. ,. o ··-· ·-

Fireclay, grey., thick-bedded ••••.•.• 
F:i.reclay, black, plastic ............ . 
Fireclay, grey 9 thick-bedded ....... . 
Fireclay, black• thick·-bedded ....... . 
Coal, with alternations of ,shale •• 
Shale, blaclt, micaceous ••••••••••• 
Coal •••••••••••••••••••••••••••••• 
Fireclay, black, flint •. , •••• •••••"•• 
coal •••••••• ~.····················~ 
Fireclay, black·, flint •••.•• •·•·• •.•.•.• 
coal· • .....•.••.•.•...•••••.•. ·• •········ .....•...•.. 

Basal Kur:roo Conglob.era te •.•.• ~ ............ . 

T·O.P Soil :e •. ·• ..•.•• • .•.••••.•• , •••.•.•.••.• • • • • 

Fireclay, bUff, ironstone.~ ••••• 
Fireclay, butf .•••••••••••.•••.•••• 
Sandstone •••.•• ·• .• , ••.•.••••..•.••••.•.••• -
Fireclay •••••••••••••••••••••••• 
Sandstone ••••••.••••••.•••• • ........ .. 

Basal Karroo Conglomerate ••••••••• 

Feet. 
1 
2 
1 
2i 
4 
6 
1 
2 
1 
1 
4 

Feet-. 
1 
3 
2 
2 
1 
2 

These detailed sections well illustrate the character 
of the strata encountered in the area ... 

Olifantsfontein. 

A .d.~posit or Middle Ecca clays occUI.'ring on the Farm 

Olifantsfontein 559 has been.w.orked -since -1903 by the Consol-· 
' ~ " . . .. - . . 

idated Rand Brick, Pottery and .Lime co. ·Ltd .• , This deposit 

consists of an outlier of Karroo rocks which Jaas be.en~- p.r($served 

from denudation by slumping into solution .cavities formed in 

the underlying Dolon:iite... . .T.his patch .of. Kar-r.oo rocks entirely 
. . . 

surround.ed by Dolomite is. ,roughly: :el.li-ptical -in ground plan, 
' . . .. ~ . 

as shown in the geologic· sketch Z!lap gi.ven in Figure 9, and 
. . 

covers fl.JJproximately 3 square miles •.. 
. . . 

The character. of the strata in· the area is well shown 

by the detailed sections measured .. QY· Wagner (l) and. even 

though the mining operations have long since exposed other 

combinations of rocks, these sectionswill be given to ill­

ustrate the general stratigraphic relationships that prevail. 
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"Description, or sections on the north and r.:ast :races o.f t.he 

mL"'l pitt taken 120 feat apart., nre-giwn below: 

!Jo:rth Face. 

Red Soil 

Alternations of pink and grey 
.sandstone" shale, clayey sandstone and 
grit merging ·down into small pebble 
congloll1erate enclosing fragments of 
underlying cley . 

Pnle brownish grey fire-clay trave.rscd 
along joints nnd ·shrinkage cracks by 
neams of ferruginous :material 

Ferruginous clay 

·Laminated Pale Pinlt fire clay 

Coarse feldspathic grit 

\'.hite fire ·clay 

Gritty arl~ose 

Iluninated pink-brown,. chocolate 
weathering clay "·Chocolate Layer'" 

laminated grey-white clay 

Pale pink-brown .. clay 

Bluish grey clay 

Greyish white sandy clay· becoming more 
arenaceous in lovu:lr portion of layer 

Grey sandy claywith scatterad glacial 
erratiea · ·. · 

Grey .sandstone with glacial er.re.tlcs 
exposed in bottom of ·pit 

· South Face 

Red soii 
Alternat:i.ona or sentlstbne·, shale, 
ferruginous sandstone ttnO.' grit 

.:Pale brownish pink, white we(,lthering 
fir~ clay · 

coarse feldspathic grit 

· GreYish white fire e lay 

Feldspathic grit merging locally lnt;o · 
small pebble conglo;nerate 

Chocolate W.yer 

', ,. : 

Thickness., 
28'1 6" 

12'0" 

1.'0" 

.2 1 0" 

l'O" 

0'4" 

1'6" 

·. Thtckn.e.ss .• 
2~0" . 

'10'0" 
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South Face ( cont 'd). 

I.aoinated greyish v1hile clay 

Brownish pink layer 

Greyish white sandy clay becoming 
more arenaceous m lower portion 

Clayey sandstone with scattered 
glacial erratics exposed in bottom 
of pit · 

Thickness. 

0'·8" 

2'0" 

·The churacterit:ltic variations of the t~iddle l:cctl strata 

are agatn demonstro..tetl by the ·abrupt changes from extremely 

!'ina sediments to coarse oaterials that occur in the stage 

't'Jhich sugeests ·the frequent changea in depositional conditions 

that took plnca while these sediments were being laid dovm. 

The beds are also lenticular in .charact·er and grade into other 

materials over short distances. The deposit contains impure 

coal bands in the lower p:>rtion and a thin layer o:r brownish 

yellow feld.spathic sandstone imnediately overlying the main. 

clay seem was :repo:rted by r.agner to contain abund.ant plrult 

remains including glossopteris indicta, glossopteri-s anguati­

tolia, gansaoopteris. and co.rdiatos. Both the nature of the 

enclosing rool< ana. the fossil 1'inds are s.imilar to the Vor­

eeniging oecurrenca .. 

The non-plastic clay seams are c.assive in cha.rtH~ter and 

·.v-ary in colour :i.ncluding shades of buff. pink, and grey. 

Occurrences of both the flint and sem1·-fl1nt . types ure mined for 

.refractory purposes from this depoei.t .• · 

The plastic clays of the area are chocolate to pinlc in 

colour and resemble the. plastic clays so well developed .in the 

Springs area. They shaw light and dark coloured bandls and are 

extremely fine textured. 

\7agner_ ( 1) reports t)le occurrence of epidote., :rutile:• 

garnet and .. .tJ.uscovlte in the clay.s of this area, and he points 

out the unusually low silica to alumina ratio of some of the 

refractory clays. He also comments on the occurrence of coar.se 

. grits which form the. only outcrops in the area. He statas that 
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these grits consist mainly of sub-angular fragments of quartz 

and al.so ~nclude a good deal of feldspar which is sometimes 

so abundant that the grit on weathered surface resembles de­

compos~d granite~ He also remarks that contemporaneous eros­

ion must have taken place as evidenced by the occasional. frag­

ments of underlying clays found in the grits. 

The clay-bearing strata are underlain by sand­

.stones, conglom.e~.a,te, , :, and chert. The character of the 

conglomerate, as described by Wagner (1), suggests that it is 

derived from the Tillite and represents the J3.a.sal Karroo Con-

glomerate seen at Vereeniging. The chert seams mentioned 

by Wagner (l) as occurring interstratified with the conglomer-

ate band are unique. 

Springs - Boksburg. 

The occurrence of the Middle Ecca strata on the 

East Rand between Springs and Boksburg includes a number of 
. '\ 

·deposits of ~e·~ractory clay. The Middle Ecca in this area is 

. '.:.•. 

par~ of a·much larger body better developed still further east • 

A: geologic sketch map of the area is given in Figure 10. The 

entire thickness of Ka;rroo strata in this area does not gen­

erally. exceed 200 feet, much having been removed by denudation 

which has been continuous up to the present. As elsewhc,L·e the 

area is characte:z::~.s.ed by featureless grass-covered bults and 

frequent marshy vleis ~ The Middle Ecca is generally horizontal 

disposed and outcrops are rare!. The stage contains coal seams 

which were wo;rked at Boksburg, Brakpan, and Springs. The base 

of ths Middle Ecca in the area is generally marked by a con­

glomeratic horizon as deduced from borehole data and it is 

extremely difficult to distinguish fr·am such records whether 

this bed represents the Dwyka Tillite or derived conglomerate~ 

V:here this rock has been exposed in prospect pits and. mine 

shafts the extent of the exposure is generally not sufficient 

to afford c9nclusive evidence of the presence or absence of 

sorting, however, samples of this conglomerate obtained from 

a pit on the Farm Rietfontein .14 contained angular fragments 

\ 
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The gffie-.rr~l lens-l,.ke ehnraott'r- cf th~ 7-1-td.clle · :-!eca stra:ta 

h$ro or elsaw~m?."c" r"'.nkas 1 t d1ff'i('.lt1 t to eo""'ln?.l~e secti.cma and 

be elor-'t"ly sePn !n t'fle cls:;wnrlt!ngs on tbe Fn!'l'1 Biott'ont~in 14-.- 1\.t · 

Boksbur~ the. o:?:f.~dlo Jnc~ snd assoe:1.ated Karroo reeks OW!'I'!i~ the 

I'''tpJra ll shows a n~ntJ lc chn;rt of tho heavY tnlrioral. dis­

trihut!on 1n the !iiddle feea eta$!t'! nenr f.• .. rii'l~s, prepnrcd f1')om · 

r.!~s 1demt5 fif;.."l are con:m~u acea~scwias of t.ha g:eani tes tbough 

not .neeeS>saroiJ,;:r tlerive.6 _<Hreetly f.rom thssa r:Jc1"a. 

MJ..rlr11e ~een el~~a are tnlnf)(1 f()r r£frnctor: ... - 1Tu.rposes in 

· ~h~ v~ einl t.y nf ~.r;T:'1n".s l~y tho Vereentt:dns Br~.nk and ?ile Co,. 

'1~r.r11 -f"\o!.l •• .......... ,. ,. ., ~ ......... ~ ... '* .- ...... s ~-•• ._,. _. . .,-. .......... .- ... . 

O,lk11'P ..... •· .. ·:f •••. ..,- ..... ,. •.•••••• .$ ..... •·. , ...... ,, ..... !to ..... •·•· •. ~·. 
""'"le, :"l"lff',, ·sP:!dy .... , .... ,. .... , .... ,., .. lt~··*--••••••••• 
PlrE:cla.y, eh,.,col.<':!cte., 'Pl~.st:1c ............. ,. * ..... ,, .. 
F:l'!"Pcl~.">", n•e"'T" t'i-~tck-b~~~oerl ............ ,.. .............. . 

11aaa1 Ko:r~co ConglO"'!e-rqte ... .,,.. ... " ......... ., ... ,. •• ... •• ,.,,..,. 

Foot 

9 
12 
n 
q 
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" ct i on a t E i n Br i ckWor, s 
Fee t. 

Top .. oil........................... 2 Ouklip...................... ....... 12 
Shale , buf f , sandy ............... . 
Fireclay , c hocol t e , l a s t i c .... 6 
ireclay , grey, t hi c k- bodded .... 1 

Bas a l nxroo Conglomerat e •••••••••• 

Se c t i on at J a nzen Bri e ,. c o . 

Top .oi l••••••• • ••••••• • ••••••••••• 
Oukl i p •••••••••••••• • ••••• • • . •••••• 

r~irec l a y J buf f . ~ .. ..... . ......... . 
ire c lays , bu.ff and ... ............ . 

chocol a t e , pl a st i c, n i xe d 
Fi r e c lay , ·chocol a t "S , pl as tic ••••• 
sal K~ rroo Co glor.1e r a to . ... .. • • •• •• 

Fe et . 
2 
6 
4 

4 

The principal c lay seams i n t he S ' rings a rea cons ist of 

f lint , serei - fli n t , and l a s t i c t e s . The f lin t and semi - flint 

c l ays a r e e nerally gre y to bla c i n colour~ The pl astic 

clays ar e v e l l developed 1n this loca l ity and a r e genera lly 

chocol a t e t o p i nk i n colour . Occ a s iona lly dy e s and s ills · 

of dol e r ite , . usually highl y v;e a t hered , a r e e ncountered in 

minin o e 1·ati ons . A bloek d i agr am illus t r ating the , ' i dd l e 

· cca s tra t a in a .l:.ort ion of t he r i ngs a r ea i s g iven in Fi gure 

12 . mh i s d i agram V7a S pr e r ed f r om b •eh ol e d at a Obta ine d ' ith 

a dry-drill ing t e chnique t o e nsure c om l a t e cor e r e c overy , on 

a c ontrolled pr ospecting grid . The und ulating char acter of 

the s tra t a is ell kn~ n and i s due t o slumping int o t he unde r ­

l ying dolomite . I n t his pa r t i cula r l oca lity t he ove lyi ng 

strat a we r e l e t down gradua l l y into t he unde : l Yln g oa vi ty s 

e V'1denced by t he l ac k of f au l ts and s l icke nsides see'n on ex-

·osures tn the uarry face . 

Boksburg c lays around Bok sbu.rg are princ i pal l y of the 

f lint and semi- f lint t ype s ttn.d the t' l a s tic c l ays , t hough p1·esent , 

a re general~ not as e x tensive as encounte r ed in the S r i ngs 

a rea . Cl ays a re mined for the manuf a c t ur e f refr ac t o!'ies on 

the a r m ICLi pfont ein 6 (Boksburg F i reclay co. Lt d ., and Uni on 

t irec l ay c o . } and Volgelsfonteill 5 {uconoml c i reclay co. ). 



4 0 

A geologic section at Bol<:s burg :or t h given belorr i s 

i ndica t ive of t he clay bearing strat a encount ered in t his 

area. . 

ot i on a t Boksbur g ~orth 

Fee t. 

Top soil, reddish••• • •••••••••••·••••• 5 
ii' ireclay, buff , .soft............... 4 
Fi r eclay, butt , t hick- bedded....... 10 
Fireclay, brown, pl ast i c........... 2 
~ . andstone 

Br akpan clay wor i ngs ad j acent t o the l an from hich 

t he to1;vn of ra -pan ge t s t ts name , were opened i n 1905 . 

s andston was uar ried f r om these wor :.. ings and t he clay 

~as used for the manufacture of stoc. bric ' . In recent 

years the refr act ory c lays were 811PP11ed fe r t he .anufacture 

of f i rebric: and f i reclay goods . The wor !ngs were c l osed 

: n 1944 ; u t ypi cal sect i on of the uarr y i sho m be lcm nd 

i ve s a pi cture of t he character of the .'~"idd le ·.ccn i n t! is 

l ocality. 

a ction at Bra .pan 

and , ye l low ••••• • •••••••••••••••••••••• 
Cl ay , greenish-ivor y col oured ••••••••••• 

Firecl ay , buff , thick- bedded ••••••••• 
Firec lay, buf f wi th intercalated 

purpl e c lay ••••• ~ ··•••••••••···· 
~ireclay, buff • •••••••••••••••••••••• 
Fi reclay, chocol at e , pl astic ••••••••• 
Fi r eclay, black , flin t ••••• . ••••••••• 
Sandstone , ~ith pebbles •••••••••••••• 

Basal "arr o Conglomerate •••••••• .••••••• 

Feet . 
2 
5 
2 

3 
2 
4 
l i 

20 

Benoni : A geol ogical sect ion r:1ea.sured in a pit at Ranc,~vim 

St ation near Benoni sha.:Js the lUddle cca s t r a t a t o be as 

follo Js : 

Top oi l ••·•••••••••••••••••••••••••••••• 
Oukl ip .............. ......... .............. . 

~ ireolay 1 buff t o white ••••••••••••••• 
Fireelay , buf f to whi te , int er - . 

ca l atcd with · urple clay •• :» ~ •••••• .••• 

Sandstone ••••••••••••••••••••••••••••• 
sal roo Conglome r ate •••••••••••••••• 

1 eet . 
1 
8 
8 
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ns i{r ual . 

Fl i nt clay da ,osits have bee o oned i n r ecent ye . r s 

near ns1 raal s t ation and on t e far s ~-romdraai nd 

rabot -. The Hammans r aal deposits ar e l ocated on t he Farm 

Hwnmans kraal 435, about ha lf a 11e f rom t he s t ati on whi ch 

i s on the "i r to ria -'~·.rarmbaths line ,. 24 miles nort h of I retori a . 

A rzeol ogic s~(e teh map of t he area is given .i n Fi gure 13. 

esent J"br ' i ngs i nclude t\vo smal l uar r i es d some prospect 

pits . The deposits south of H anskr aal ar e l oca t ed on Far ms 

r omr a.ai 577 and tabot nd r e r eached by .mot or r oad f'r om 

.a t ro el .l t tion . 

The re ion l i es j ust \'7i t h1n t he Bushvel d region at an 

alt i tude of under 4 , 0 0 f eet . he Aapi es and i ena rs 1i ve rs 

form the principal drainage channels d have cut through 

t.he under lying _ arroo roc ks expos ing them i n the river chan-

nels . 

The whol e area is under l ain by t he ed Granite of t he 

Bushveld Compl ex , t ith t he Ecca rocks fo i ng a capping or 

occupying de pre ·sions . ~he oca series i ncludes s ands t one. 

gr i ts and shales , and is general l y horizonta lly dis posed a l ­

t hough l ocal i r r egul arities i n t he floor c use err atic di s . 

he gener al trend of the s l ight dip is , to ~ards t he nor tmvest. 

Geol ogi c sections measured i n a quarry on nanmanskr aal 

4 05 are gi ven a.s f ol l ows : -

Top soil and sand • •••••••••••••••••• 
Sru dstone , medi um-gra inec ....... . 
Sh l e , thick.:- bedded with 

f issile bedding a.t base ••••••••• 
Fl int clay, l i ght grey ••••••••••• 
Shale , thi ck- beddad , l th 
fissi le bedding at . t op. 
with thin coal s eam near base •••• 

Feet . 
1 
5 

3 
1 

5 

Geologi c sections rn.e sur ed i n a quarry on Kl'omdr aai 5?? are 

given s fol lows : 

Loose sand , coarse ••••••••••• • •••••• ~ ••••• . 
Gr i t , hard , pink, c oarse ........ •·• •••• · •••••• 

Fi reclay , grey, "fl.int" •• • •.•••.••••••••••• 
Grit , hard , pink, coarse •••••••••••• • •••• 
Fi r eclay , grey , "flint " •••••••• • ••••••••• 

. Grit , har d , pi nk, coarse ••••• T •••.•••••••••• 

Feet. 
l ... ft u 

1 ' 0" 

1 
1~· 
5 

Although over l yi the ed Gr anite , the ill.ddl e cca 
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sedi ments of the Hammanskr attl r ea coul d have been cont r ib­

ute d by Dolomites cropping out s outh of Pretoria s ince t he 

nor t hwar d dr a i nage ha s pers isted in t hi s r egi on from pre ­

Ka rroo times . Thi s possi bility i s shown in the generalized 

geologic section of the country nor th of Pre to r i a as given 

in Fi gure 14 . 

O~he ~ Occur r ence s . 

Refractory c l ays occur r ing i n t he Mi ddl e Ecca s t age are 

known t o occur i n othe r loca l i tie s i n t he Southe r n Transvaa l 

and ar e be ing wor ked a l ong wi t h semi-refra ct ory clays of the 

serie s for t he manufacture of gol den brown building brick 

and ot he r non- refr actory pr oduct s a t He ronme re, Dri efontein , 

Mar i e va le , Law ley,. Kempt on and Spr i ngs . A depos it of 

Mi ddle Ecca clay is being opened up a t Midda l burg fo r t he 

~anu!aoture of bui ldi ng brick i n the ne ar f uture by t he 

Midde lburg Br i ck & Tile Co . Lt d . 

Geomorphol ogy . 

Al though t he Mi ddl e Ecca s t:::-a t a are sometimes found 

ove rlying ol de r r ocks i n e l eva t ed portions of t he general 

l and surfa ce , t hese d eposit s mos t genera l ly occur i n patches 

which have been protected agai nst denudation by being sunk 

into de pr ess i ons in t he s urroundi ng more r esi s t ant f ormations . 

The most conspi cuous cause of su.ch pr e servation i s the 

s l umpi ng of t he overl ying r ocks i nto sinks f orme d by sub­

surf ace l eachi ng pf t he underlying dolomite . Depre s sions 

formed by extinct dr a inage s and by pr e•Kar r oo t ec t onics a lso 

serve to prote ct t he se diments de posited in t hem f rom r emova l . 

I nflue nce of Dolomite Fl oor . 

The Dolom.ite series a s pr evl.ous l y described, , ·i s 

composed pr edomi nantly of dolomitic l imestone which is readily 

s us ceptible to s olution giving ri se to t he fo r mation Df 

"colla pse s i nks" i nto which t he over lying i ddl e Ecc a sediments 

slumped . A Sect ion exposed in a r a ilway ·cut ting near 

Vereeni:ging ~howing t ypica l s i nk hole de po·s its i s gi ven in 

Figure 15 . The exi s t ence of t he se solution fe a tur es is a 

pr edominant char acte ris tic of dolomite country and they 
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have been t he principal means of reta ining the r efractory 

clay-bearing r eel s and c o 1 seams during the long erosional 

~eriod t o which th J i ddl e Ecca rocks have been subjected . 

The se collapse sin.ks are gener ally circular or i rregular i n 

ground pl an and sometimes th~y become suff iciently ext ensive 

to merit the name "collapse va l.l'3ys" • In the first stage s 

of t heir f or mation small s olution s i _ks ar e f ormed along 

joint pl ane s nd pit s are deve loped on t he f ace of the 

j oi nt blocks r esulting f rom se lective s olubility. Dr ainage 

is dive r t ed through these r~ ssages into under ground cavities 

whieh increase in size until t he collapse of the cave r oof 

occurs . 

In r egions viher e t he Dol omi t e includes a f a ir amount 

of chert near t he top of the series , s olution of the under ­

l ying dolomite l eaves behind a r e l a t ive l y s trong r oof whi ch 

does not collapse until a much l ar ge r a r ea of do lomite ha s 

been acted upon . Solution by both surf ace and sub- sur f ace 

w· t ers has doubtless be en in pr ogr es s eve r s ince t he dol omite 

was in exi s t ence s o that t he subs i dences could have been 

formed in e ither (a ) pr e - : ar r oo t imes ,. (b ) cont empor aneous 

with Karroo deposition , or (c) post- rroo time s . These 

conclusi ons r e well supported by f i e l d evi dence . The 

s l umpi ng i nt o t he s i nks occur r ed abrupt l y or gr adua lly depend ­

ing upon t he nature of t he r oof, t he r a t e of solution , and the 

we i ght of ove r lying sediments . 

Extinct Dr ainage s • 

.Ancient drainage pa tte rns and depr essions f ormed in the 

pre - Karroo flo or by the action of wi nd , wat er and ice have 

also pl ayed a major r ole i n t he pre serva tion of the I.liddle 

cca stra t a . A good exampl e of such f eat ur es is f ound a t 

Hammanskr aal where the anc i ent pr e - Karroo dr ai nage pattern 

of the Aapi es and Pie naar s River s provided a deposit i on bas in 

for t he forma tion and re t ention of the 1Uddl e Ecca stra ta . 

Post-Kar roo Tectonics •. 

In more recent t imef'l pos t - r. arroo t ectonics have 

pr oduced depres sions -i n t he l and surface i n which ~ iddle 

Ecc roc s a re pr otec ted f r om e r osion . Such depress i ons 
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a r e t he r esult of f aultin ) and n y be tn t he f rm of gr abens 

or s tructural basins. s tructure r t his l{i nd may be seen 

i n the Zoutpans berg eglon . 

~ ode of Occurrence : Su.rrmary of Fi e l d .vidence . 

1. The refr actory clays are t errestria l s ediments l a · doVJn 

i n an a ueous environment~ I n all c ses where the comoercial 

r efractory cl ays of the ~iddle Ecca ar e found t hey have been 

pr eserved from denudation by being below the surroundi ng resist-

ant l'OO surface -~ The ost conspicuous cutobments are t he sink 

holes and collapse val l eys formed i n pre~arroo1 Karroo and post­

Kar r oo times _. by sub-surf ace solution of the underlying Dolomite 
' 

series. Diffe r ential erosion of the pre~ 'a rroo l and mass also _ 

provided hollows in which the de sited sediments we r e pr otected 

and t o a l esser extent ost_- rrarrpo tectonics have rovid .d 

refuge tor these strata . 

2 . The refractory clay s trata are gener ·l l y horizonta lly di s ­

posed except where localised slumping has changed the at t itude 

ot t he beds . 

3 . The clay s trat a shrn~ such extreme l a t ral and ve ~ tical 

vari at -f'on tha t courate correlation is not possible even over 

s hort "·di s tances. 

4 . Joint pl anes are frequently st ined ith limonite nd 

mangan.ite 'and t hese minerals s ometimes occur s t hin beds .. ~. 

inter cal ted with t he clays , sug st ing l eachi ng 1d inf l trat -

i on. 

5 . The· f lint cl ays i n t he Vereeni ging ar ea are as sociat ed ~ ith 

the coal seams and t he rincipa.l bed occurs as . a parting i n 

t he main eo -1 seam i n the a r ea . The se clays ar e ene a Uy 

black·~ dark grey, or brown , dependi ng on the amount of carbon­

aceous matter pr esent! They are homogeneous 1 smooth1 hard, 
,. . 

and break with a conchoidal fracture and do not show "s lick-

ensides" . 

6. a'ha pl astic cl ays as i nvestigated in t he Vereen1gi -rea 

are associated ith the top coal seam and robabl y represent 

sapro_ lllc del os its 1n ancient water courses . They occur s 

spor adic de si t s and can be traced t hr ough alt ered zones to 
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beds of coal. These clays a re ex t r emely fine gr a ined and 

exhibit varved structure with a lternating light and dar k 

bands. They frequently show "slickensides". Similar 

clays a re found at Olifantsfontein and in the Springs­

Boksburg area but t heir r ela tionship with the coal s eams 

i s not so apparent i n these localities. 

7. The semi -flint clays, which usua lly comprise f a irly 

t hick bedded s ediments , gene r ally ove r lie the workable coa l 

s eams wherever t hese c oa ls ar e pr esent. The se clays are 

generally har d and homogeneous , and fre quently conta in d i ss ­

eminat ed manganite,. On exposure t o t he a t mosphere, t hey 

usually exhibit a peQuliar "onion pe el" type of wea t he ring . 

Slickensides ar e s ometimes presen~ but_ are not common . 

8 . The sili~tou• re f r actory s ha l e s, best de ve loped in t he 

Vereeni gi ng are a , occur a bove t he s emi-flint clays. These 

sha l e s are well bedded, frequently showing a f i s sile str ucture , 

and a r e rich in quartz, which is usually visible to t he naked 

eye. Theycb nta fn1 a bundant well pre se rved pl ant re a ins a t 

Vereenig_ing . 

9 . A most. st;:riking observation with the occurrence of the 

refrac torr clays i s t ha t quite fr e quently all t ype s exi s t 

together in the same depos it . Soft plastic clay may lie 

inter-bedded with strat a of ha rd sem~-flint clay . 

Origin of t he Refractory Clays . 

In t he Mi dd l e Ecca de pos its of the Transvaal , t he car ­

bonaceous flin t clays a re ove r l a in by t he pl as tic semi - f lint, 

and s ille~~us shal e s which were clearly de pos i ted under diffe r ­

ent conditions at later t i me s . No sing l e origi n can t he r efor e 

be ascribed f or t hese va r i ous t ype s of r efr actor y clays, s ince 

the y were formed i n di ffe r en t ways depending upon: (a ) envi r­

onment during de pos ition , (b) source of s edi ments and mode of 

transportation , and (c) geochemica l and geo- physica l cond itions . 

(a ) Environment During De position. 

The f ina l char a cter of the refrac t ory c l ays was t o a 

l a r ge ext ent inf luenced by the environmenta l conditions pre ­

vailing when t he se material s were depos ited and changes of 

•' 
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environment are reflected by corresponding changes i n the 

re 'r actory cluys and associ ted strat a .• 

h e Mi ddl e Ecca sediments are c ontinental deposits 

l ai d d CW;n for the aOSt part under aqueous COnditions 

succeed i ng the gl acia l enviromoo nt of Dwy.ka t imes. 

At the close of pr e-:·arroo t iloos, t he ancient l and 

surf ace of the Transvaal , diversified by many ridges and 

v lleys , sever al of which corres 1ond t o t hose or t he r esent, 
I 

~ as near l y base-l evelled . ~ ith the onset or the gr ea t peri od 

of . • y c refrigeration that prevailed over most of Southern 

Africa , one of thG contin~ntal 1ce ·caps deve loped in the 

nor t he s t ern Transvaa l and s~ , read ove r most of t he Pr ~vince. 

As t he glacia l ice mo .. d in a generally southern direction 

it s l i d and gouged its way over t he old land mass plucking 

of f and arrying with it pebbles and boulders in addition t o 

the r ock "flour" formed bJ t he abrasion of t he rocks which 

i t traversed. .These materials trequantly had a looa l char ac­

ter de _end i ng on t he extent an d. type of rocks cro~,ping out 

in the ~~th of t he moving ice. It i s pr obabl e t hat the gl acial 

movument was not continuous but took place in a seri es of 

advanc ing and retrea ting stages with contemporaneous fluvio-
.. 

gl acia l cond itions prevai ling. As the ice mass me lted and 

receded, it left its load of roc debris strewn ver the 

""r ansvaa l l andscape i n t he forn of gr ound :mor aine , whi l e 

fu rther t o the south, the gl acier di scharged its load into 

the sea . This mor ainal oat er i al w· s co pac t ed ln pl . ces to 

f rm "Tillite" and t he t hickness of t his s trut un in the 

Transvaul .was extremely variable, owi ng t o the i r r egul arities 

of t he ancient l and surface and to the subse 1uent erosion of 

t hi s mater i al before f urther depos ition took 1 ce . At t he 

close of the gl acial period, t herefore , the Dwyka l andscape 

w s ~enera ·· 1y hilly a Jd strewn v1ith moraine and mountain · 

ridges separa ted by broad intervening valleys were in evidence. 

The glacial environment gave way t o the fluvial and 

lacustrine en ironnent or ~cca times which persis t ed over a 

long pe riod whi l e the o.raine -cover ed Transvaal l und ClaSS under-
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went denud ation. The streams and cur r ents pr eva iling during 

this pe r i od were sometimes exceptiona lly swift a nd the cons ol­

ida ted "Tillite" was brol<:en up, resorted, and washed from the 

highe r gr ound into the va l l eys and bas ins tha t exis ted. The 

e f fect of thi s "re-working" wa s to re-de pos it these materia ls 

a s sandstones, shales, clays , and conglomera tes. The length 

of this pe r iod would appe a r to be considera ble since t he r ocks 

forming t he se beds in many re gions cannot be identif ied today • 

. A stratigr aphic break occurs fre quently between t he 

"Ti l lite " or the conglomer ates der ived f r om it, and succeeding 

stratified beds so t hat ever y r ember of the present Mi ddle 

Ecca stage, f rom the coa l s a t the base to the grits a t the top , 

are ~ou~d ~o rest on these older rocks in various loca litie s . 

Ma rsh environment became prominent over most of t he area 

about t his time and fresh or b~ackish wa ter swamps exi s ted a t 

or near base leve l. Under t hese conditions a compar a tively 

sma ll change in water leve l af f ected a considerable area . The 

occurrence of swamps was wi de-spread; some were connected while 

others were divi ded by l and barri ers. Coa l s we r e f ormed from 

t he vegetable matter growing in t hese swamps and in s ome area s 

the incursion of terrestria l sediment s into the swamps gave 

rise t o the formation of f lin t clay. The ~Jamp environment 

a lterna ted with and was fina l ly succeeded by fluvial, l acustrine, 

and de lta environments, and i t was during t his transition per iod 

t hat s ome of the pl as tic clays associated with t he co als were 

f or med• The prevailing environment follow ing the disappear ance 

of t he swamp cond itions wa s aqueou s and included a network of 

l akes and rivers with constantly shifting channels of discharge. 

The semi-flint clays and probably some or the flint clays and 

l a te r t he si lict eus shales, a ll found a bove the coal seams, were 

f ormed during the l a cus trine pha ses of the aqueous environment. 

During t his pe r iod of aqueous environment t he sediments were 

sub j ected to re pe a ted cycles of erosion and de pos ition and much 

of t his activity wa s cont emp oraneous so tha t t he pre sent striking 

l ack of continuity of the s trat a resulted. It is probable that 



~1V· 
-I &\ • 

~ t I I 
'~ 

..... ' ' - I ~,..:-

. 
) '"'t .. -

.• 'l r..,... / . t 
r . t-l 

....,... I '- , \. .. , I 

A7r:A 1 I\ ' 
(.) ..._\.,..I .._..... _, 

Jl 1, 
~ 

" . 

--

~ '"1 .... , .. t ..... .. '-' ~._, 

I 
I 

I 

: J..,... ry 1 
' ..._, ' ' ' 
•j;...'' v.1 

,_.,./ 

=.l.'-/ 

I 
/ 

I 

~(C.A 

IN~ 9• t: .ui.F"C\';, 
;..c.c K.t:> 

T1.r · 
. Ht: 

DF· :t,J-z· 1 ( 1, ·c ,, . u .... >.IL-

I') ..... -:_ :~.l .._ ..._, 

I j- , '~- ~ ,(j ,_. I 

( 

.... ,. tb r-lJ 



- 48 -

de.sert conditions alternating with periods of aqueous environ­

ment· were prevalent at least over part of the Transvaal in 

these times ns well. 

The accurate reconstruction of the in'fluenca of the 

envi.romnental factors is difficult since the bulk of the sedi­

ments laid down in Karroo times· have been removed by de.nudatio.n 

leaving only. a small part of the complete .stratigraphic re·cord 

in the rocks remaining,. 

(b) Source of Sediments • · 

Two principal sources for the clasti~c sediments forming 

the refractory clays must be ·considered: (a) clay residue from 

the chemical disintegration o.f the dolomitic lime.stone o.f the 

Dolomite ser.ies, and (b} weathering of pre-existing feldspathic · 
rocks. 

igneous/. The areal distribution of these rocks in relation to 

the Ecca Series rocks .and sediments is given in Figure 16. A 

~further, though probably minor, contributory source is the 

mineral matte.r contained in the plant ash associated with the 
. ~-.:::--~·:_-:-_ ~) ; -

coal formation. The magnitude of the ~contributtons f'.rom each 

o.f these sources is not known, but undoubtedly they all have 

been more or less involved in the erosional and. depositional· 

'cycles re.sulting in the formation of' the refrac.tory .clays. 

The mode of transport of these sediments; of course, also 

played an important part· in the elay forming process. 

Dolomite .Series: The dolomitic limestone of the Dolomite Ser.ies 

is found underlying or in the vicinity of all of the present 

commer,ei.al depo.sits of ref.ractory clay in the Transvaal. The 

clay· sed.i.me.nts could have been derived from the decomposition 

ot the dolomite Since it .is knO\Vn that residuals from dolomite.S 

are· relativelyhigh in .iron and low in .silic§.. Sediments derived 

fr.om similar rocks have been regarded by r!heeler (15) and Thorn­

berry (16} as the source of the refractory clays of Mis.souri, 

. and Nel has suggested such a source rock for the formation of 
' 

the highly aluminous shales of the Postmasburg district (17). 

The residuum from the dolomite could have been trans-
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ported in colloidal suspension by .surface ·waters and floccul• 

ated in the dapos:itional areas by the action or ·the t'7ater-borne 

electrolytes. The amOWlt of d.olomito required to bo decomposed 
... ~ 

is admittedly; considerable, '··~:.~~ :~ .. ;-~\\\·. \~ ·, 

Analtaes of'· typical· Tra:ri.svno.l dolomite samples kindly 

supplied by nrf/ :F.c .: Truter, Union Geological Su...r.vey ar.e given 
. . 

in Table n, along with additional., partial analyses o:t these 

rooks contributed by I.!r. E. t:ooi, \':orlcs Chemist of the 

.vereeniging· Brick· and Tile co. Ltd .• 
. . · . . \ .. 

consider_i_ng the Al.B03 aontent of the· refractory elays to 

overage 36$$ ana assu:r:iing the Al203 content of the dolomite to 

be l.OO$h the specific gravity of the refractory ela;ys to be 

.2.65 and that of the dolomite to be 2.90; then following the 

nethod Jdascrib9d by Nel ( 1'1 :) 1 one cubic foot ·of refractory 

clay v1ould require the destruction of 33 cubic feet of dolomite, 

a not unreasonable volume considering the amount of dolomite · 

that must have ·ooan .rem:ovod in thG Tranrivaal bY ero.s.ton and 

. ' solut1c:m, 
. · .. ' :·\·, : (\ . _.. .. ,; ·:; .~. ·, ' ... - . . . 
· · · · .:r-t ·'fa interesting to note that the mangane.se oxide .round 

permeating the refractory cl~ys along joints and bedding planes 

and ·Oftimes dis.sominated throughout the clays 1s probably 

a.erived trom. the dolomite as well. 

' 

E,x:e-Existing ·rsaeous Roclc and Sed1mon~ .. s:: l!ora tllnn halt of. the 

pr(;)-Karroo land sur.tacc in the Transvaal consisted or intrusive 

igneous rockS comprising the Old Granite and tile rooks Of the 

Bushveld Coppiex 1:1b.ich include the Red Granite, norite, .syenite, 

and other types.. Typical analyses of these rockS are given. in 

'!'able III {19). Othor p.ra-e:x.isting roclts ot sedimentary-and 

extrusive origin oontain a number of argillaceous and .f'aldspath­

·J.c .tlSmbars. Some ano.lyses of such :rocks are given .in TablE:l IV .. 

(18). 

It is quite · probable that the ret rae tory clays derl ved 

sediments from these pre -existiilg rockS as well, as suggested 
. . . 

b.Y the accessory minerals f'ound .in SO!.:le of the clays. 
·:.-. 
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Table II 

Ana.lyse.s of dolomites 
trom the Transvaal !! 

Oxides & 
Elements Sample r~mbers. 

FT T T.a T- T- T 
12 .52 42 2 

434 2 5 ... 

Si02 0.,.2'1 5.43 s.oa 1'7.9'1 [7' .• 96 20, •. &1 
Al203 n1l 0 .. 40 0.45 .z.oa 0.-54 .5.39 
Fe203 o •. 96 1.29 1.12 1.4'1 0.32 1 .• 1.2 
FeO o.'/2 0,.57 1.01- 2.44 .1.-87 4:.45 
l.!gO 21.0'1 18.03 .18 ..• 51 .17.45 19.'17 15.5'1 
cao oo.2s 52~08 31.96 ,28,.32. 28.60 :21 .• 31. 
N'a20 0.~05 nd. nd net nd nd 
K20 nil nd. nd nd nd nd 
n2or 0 .. 31) 1.50 1 .. 22 1.51 0 .• 64 1:.61 HaO o .• o3} 
co«) 45 .• 82 39.82 40 .• 63 29.90 40.-03 2'1'..4'1 .G 

Ti02 nil nd .• nd nd nd nd 
P:zo5 o .• ol 0,,.06 0.06 ·0 .• 07 0.05 o .• o'l 
s 0.02 nd. nd nd .nd nd 
F 0!.015 nd.. nd nd nd nd. 
VaO~ tr .• .nd •. nil' nii. nd nd 
V20 nd• 0.02 0.01 0,.01 tr o .• o5 
r,:no o.75 0.38 0.40 0.30 0.70 1,.20 
Bao nil nd. .nd nd nd nd 

FT,. 454 from .Lyttleton 
T2 1-3 n K\'IUggashoek, .near Thabazimbi. 
rr2 4--6 1

'. Buffalshoek,, noar Thabaz1mb1.~ 

nd-- not determined. 
tr-- trace. 

.Partial analyses or dolomite 
fron the Trancrvaa.l .lm 

T2 
G 

38.84 
10,.89 
3.35 
5.46 
10~36 
10.09 
nd 
nd 

s.o1 
11.12 

.nd 
o.-14. 

nd 
nd 
nd 

o.ol 
2 •. 10 

.nd 

. Loss Si02 . Al203 P'C&Q,a T102 ceo UgO t1nO • • 
46 .. 37 1.68 0.27 0,.78 o .. ol 29.54 .21.32 o.o9 
44.-·80 4.32 o.·6o o.ao o,.ol 28.62 2Ch69 o •. 12 
34,.50 3,,20 2.11 1.'75 o-ol 28 .• 11 20 •. 26 0.36 
45.26 2.20 0.//7 0.45 o.ol 31.00 20.70 0.20 

~ Supplied by Dr .. F .• c. Truter:t Union Geologicai survey.· 
. 

u Supplied [>y I.rr .• E. Cool,- vereeniging Br.tck & Tile co .• Ltd. 



Si02 
Al203 
Fe203 
FeO 
tlgO 
Co.O 
na2o 
K20 
HzO l· 
H20 -
'TiOa 
1V02 
P205 s 
J.:no 
BaO 

TOTAL 
SP. ··GR. 
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Analyses of Pre-Kurroo Igneous Rocl~S 
in the Trunsva.a l. 

I II In IV .• 

13.92 74.00 52.48 58.15 
14.07 11-.. 65 lth95 14.05 

0,.:52 nil. 1.62 o.5o 
o.e9 3.00 s.ea 6 .• 50 
0.38 0.35 9 .• 50 2.'10 

1·.22 1.50 n.os s.o:s 
3 .• 83 3.20 2.50 5.85 
·4.35 5.25 0.30 5 <'\~ .~ . .., 
o .... 44 0 .•. 70 0.50 '0.:35 
o.ol 0.25 o,.o7 .1,.10 
0.21 o.lo o .• se 2.05 
nil nil .n11 nil 
o .• oo 0,.20 0 .. 10 0,.65 
o.o1 

0,.04 0 .• 05 0.22 0,.15 
o .• .o2 

100 .• 00 100.25 100 .• 34 100 •. 55 
2.63 2.63 5~24 2.'1'7 

I-Old Granite, Halfway House• A.nal. T •. Kemeda 
II-Red Granite. Petronella; Anal .• H.G. t'Ieall 
III·--Norite:. Bon Accord; Anal .• F. de :uerv~in 
IV-- Syenite, Petronella; Anal. H.G. r.ea.U,. 

• 



Si02 
Ti02 
Al205 
Fe2:03 
FeO 
r.:no 
cao 
t:SO 
Y~O ) 
1:-1a20} 
FeS2 
P205 
C02, 
HzO 
Ignition 

TOTAL 
SP. GR • 

- 5.2 _ ... 

Table IV. 

Analyses of Pre-:t:arroo Stratified Rocks 
1n tb.e Transvaal. 

I II III IV~ 

54 .• 48 53 .• 00 61,.42 ·• 51 • .14 
O.e5l nd 0.45. o,.vs 

12.11 19.?0 22~'/7 .. 24.96 
26,.38 10~93 1.24 5.38 
nd 2,.88 nd nd 
nd tr nd nd 
0.40 v.zo 0 .• 45. 0.52 
0 .• 95 .. 4 .• 00 tr ·· ·1.46 
1.36 0.79 ( . nil. 

0 .• 82 (8.21. nd 
nd. 0,.25 nd nd 
nd· tr nd nd 
nd tr nd nd 
5.,()0 .nd .nd nd 

.Loss tid nd 4.50. 6.80 

100.19 99.5? 99 .• 04 91.06 
nd. 2~804 na nd 

. I-~7itwatorsrand System. Hospital Hill ... Avg. or 10 analyses;. 
Anal. Geoi''ge Renny.. · .. 

n--Ventar:sdorp~ I.ava, Heidelberg District; Anal. J .• :t:eOrae .• 

III---Transvaal System, Dolomite shale, Vereeniging Di.strict.; 
Anal. E. uooi. 

IV-- Tl"B.nsvaal Systam.1 J?retor.ia Shale, Vereenlging D.i:strict; 
A ... a. 1 1" •"ooi jUJ. ' ,., .A!a ,.- .z._., ' l. 

* .Rlrtial.analysis. I 
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1'he minet·el ma:tter in 1the t:~.sh derived from the 

dece~.y o.f the coal forming plants, .tb<"lugl~ not regarded as a 

pr1noipal cau~t.\;e, ho.u beex1 shovn:J _to coc.tributa to the 

' ' . ·., 

{19). 1L1hese trJOl:'k,ex·s. have f'ouu<l the.t the kind. of inorganic· 

.Euatter · he:d in iJlant~:~, clepends la~·gel~· on the kind. -of -plant. 
; · .. 

.. 

corporated with orgaid.e ir~olecules in the ct~ll wa.lls o:f 

all plants and the stu.dies of tll.c;se investigators em 'the· 

alwuina content 6!' g~uere. !'ro.m the whole vegetable ld.ngdom. 

inrUcuted that whil~ ·m.any genera contain no e.lumina, 

others <.mnta.ined u.p _tO 50%, ·us ·in the CWH:' of L,yccpouium, 

a pron.inent coal ·forming plan~·- in the Nortn.ern Uemisphe:re. 

No worl{·· .nowev~n:, has hGen rGcorded in ·thi8 

. :r.espect on the Doutll,· Af·riou.n coql-t,ormin.g pltxi:lt-e. 

· A t:mmber: of _analyses -of ash frons_ aout.1h ~"-.frica.n 

coals l<indly contl,'ibuted. by th.e Fuels liesearch Inat 1. tuta o:f' 

South A1'rica ere g5.ve:rJ. in Table .v. These analyses were cerr.ied 

·out on nsh.es. frouJ. :fir.H~ly ground coal f:H.uhples (-20 :1esh .n.u .. ~~. ) .• 

floated a.t 1.6.8 to· 1.50 Sp.,Gr. ·Such coals would be 

reasonobly free rroru. other u.,.ineral impurltie,e. 

The datt\ given represent averages .calcultited, from 

a variable nuwber ot ash r .. m.rtlyses of d11'fer·ent s_t'UHplr.;fJ, in· 

-~ 

I 
' .. 
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Table v. 
Analyses of Ash from South Africa Cools. 

r.ttbank Aroa. 

No. 5 ,5a.a 26.3 
( '7 llllalyse s ) 
1~0. 4 49 .2 54~4 
( 4 analyses ) 

No. 4A 49.7 29.2 
(1 analyses} · 
no. 3 49.4 3?.6 
(3 ano.lyse.s) · · 
liTo. 2 47 .• 8 42.4 

; ~~r~i~e~Jll) . 
. . no• .J~ 43.5 59.4 

(smithy coal) · 
(5 ~nlyse.s l 
llo •. J~ · 47.9 .37.~ 
;(ga~ coal) .-
(5 analyses} 

liio,. 2 45,.2 39,.~ 
(16 analyses) · · 

Uo• 2A ·47.'9 36.~ 
( 2 'analyses ) · · 
No. l 49.9 39.0 
( 16 · analyses) · 

a.o 2,.o 2-.1 o .3 1.v 

1.6 2.7 2.1 0.~'1 6.9 

·- .,. ,.-.,'!1'" 

... 
2 .• "'1 2.j . 4 ,~ tl,B ~t.6 

3.0 2~1 5.6 Ot5 lt2 

3.3 2 .• 9 5.8 1,0 .1,2 

2,.9 2.1 5•0 0 ,s O·l! 

Brez!ien Area .• · 

·.Seem A . . 62.8 23.1!"1 4.'/i 
.· .(latialys.is ) · 

1.~1 

2~0 

1.5 

3~4 1,.6 lw6 

7.3 2*0 2.6 · seam:·:B<· · 5o·.?· 24;'1 5~1 
( l ana)¥sis} . 
sean c 45.'5 31,.3 ~4.'7 
( l analysis) 
soamD 54.2 26.8 4.3 2 .• 0 

Seam A 54 .• 0 ~.o 9 .. 8 ,1;,.4 4.4 1~1 2.2 
(1 nnalys1a) 
Seam B 52,.8 23.~8 6~0 1.4 6~8 2.4 1.7 
(1 analysis) I \ 

So am c 46,.'1 31;.2 ,(),.6 .1~5 5,"7 1.4 2'!0 
: ~ 

Vereenis!f+g Area. 
-··-1' 

' 
Springfield 43.9 36.4 3"*.5 2.'1 6.5 1.2 2 • .1 

Colliery •. 
\';orking Seam . 
,( 1 ana lysis'} 

Heidel bar_& Area. 
' 

Bot too seam 50.2 38.3 3,.1 :!L •. l 3.2 o • .l 1.2 
(4 analyses) 

3,1 

2.7 

3•1 

o.s 

2.5 

1 .. 6 

1.9 

3.3 

4,.1 

5.1 

4.9 

5.'1 

1.8 



~55 -

The following average analysis. on the burned basis, of 7 

samples of comm.er:cial carbonaceous .flint type ref.ractory cl.ay 

from the V·ereeniging area is includ.ed for comparison~ This 

clay occurs as a :parting in. the main coal seam in this area. 

Si02 Al203 Fa20 · ' 3 Ti02 cao MgO Na20 i· K20 

51.0 44.6 1.6 0.9 1.6 o.5 nil 

\!hila it is realized ·tho.t there is a. great variation 

in the composition of coal ash, there does seem to be a ce.rtain 

relati'onship" existing between the' ·compo'sition of the ash and 

the ·clay, as in the case illustrated above. The mineral matter 
t ·• I" 

. present in the ash would be :expee'ted to influence the q:uality 

Of the' clays' associated With the CoalS .. and the analysis data 

given 'suggests the ·selective concentrat.ion of certain elements 

by the plants; however; owing to the great variation of the 

amount a.nd f":.ind of mineral matter derived fr.om plant ash; no 

d·efinite conc.lusions are possible on the basis of ,such meager 
!' ,. ' • 

information to explain the exact relationship of the plant ash 

to the refra,ctory .clays,~ ' 

Transporting Agencies. 

The .sediments giving rise to the refractory olays .may 

have entere4 t.he process of formation, according to Hodr.:wn, 

a·s (a) ·th~ original soil.of the Q.eposit,ional area, (b) as 
_.. "" .. . .: .··· 

sediments carri~d. in suspension, in solution, or .in colloidal 

form, and .laid dovm in the. depositional· basin by streams drain­

ing t:Q.e area ar~und the basin, (c} as mineral ash from decayed 

vegetation accuinulated either in place or transported from areas 

in which vegetation was undergoifig oxiO:.a·tion, and (d) as wind·.:. 

blown ·,dust. (20). 

Ge<>wChem:ical and Geo•Pby.si,cal oondi tions. 

Refractory .clays repre:sent products formed by ge.o­

chemical-physical change:s. involving the source rocks. The 

e:x.aot . .mechani.sm of such changes is imper.fectly understood but 

certain suggesticns can be made ·On. the ba.si.s of the evidence 

colleet~d. 
' 



-56 -

The pre-xarroo roclcs were strewn over much of the 

Transvaal in the fern of ground moraine left in the area 

deserted by the melting of the continental glacier that 

covered the region in Dwyka times, and the mechanical 

disintegration accompanying the glacial movement vras very 

active in accelerating chemical destruction by exposing 

fresh surfaces to attack by water, carbon dioxide and oxygen. 

The breakd~nn or the igneous and sedime~tary rooks was undoubt­

edly hastened by this prooess. Under the conditions of glacial 

transport ·the full effects of oxidation would be curtailed and 

it is p~obable tPAt much of the rook flour carried by the ice 

resisted chemical attack until it was deposited as morainal 

material. The chemical decomposition cf the dolomite that 

wus left in the ground moraine was no doubt speeded up through 

ice abrasion; hmvever, it seems more probable that the greatest 

contribution of clay sediments from the dolomite·were derived 

from huge masses of· the original rock Vlhich were acted upon 

by mateOl"io \7aters which dissolved the dolomite and ca~ried 

ot'f the calcium) magnesium and a~kalies, leaving behind a 

residue of hydrous silicatesQ qua:rtz, iron and manganese ores, 

etc. This clay residuum served as n sour·ce for the fo1iznation 

of the r~fra.ctory clays, decompositlon of the other ro0ks in 

th9 ground moraine also yielded cln.y re.sidues and in the case 

of ·the feldspathic rooks, the principal products are regarded 

as members of the kaolinite group of minerals. .(21). The 

:i'robable contribution of addltional sediments from the break­

down of :pre-Karroo .rocks in. situ a.."l.d from the re-vwrking of 

all existing sediments is also recognised. 

The flint and semi-flint clays and refractory shales 

appear to have been J.aid down as such in the .form of fine 

sed~ents deposited in bodies of quiet water. These 

deposits were possibly subjected later to alteration by 
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leaching in the presence of carbon dioxide charged waters. 

Ross {.22) points out that the rereoval of Si02 in the leaching 

process can result in aluminous enrichment. 

The plastic clays which are associated with the ·coal 

seams represent fine sediments derived from the ·weathering 

of coaly material and deposited in contemporaneous water 

cho.nn.;:;; l~ ;u:c. lake beds. 

The flint and semi-flint clays and .silicious refractory -

shales differ from the plastic clays in composition,. plasticity, · 

and hardness. The flint clays are generally nearly pure kaolin­

ite with some free quartz; the semi-flint clays approximate 

the flint clays; although usually their free quartz content 

is higher and their alUJD.ina content is lower. The ~!J..ic.e.ous 

refractory shales are characterised by their high quartz 

content. The plastic clays contain non~kaolinite group clays 

in addition to the predominant kaolinite type suggesting that . '· ' . . ' ' ,, 

their alteration was much less than the flint and semi-flint 

types. 

Tb.e plastic clays are soft and extremely plastic, while 

the flint types are non-plastic. The semi-flint clays have 

plasticity characteristics ranging from fair to poor. 

The differences in.degree of hardness between the 

different types of clay are quite pronounced. According to 

Stout (23) this property is not due to crystallization, for 

the material does not show the characteristics of this 

physical state to any marked extent; secondary alteration 

does not explain the differences in texture since they are 

sheet deposits and not !COncr.e·ti_onary~r masses as could be f- --­
expected as a result of such changes; nor does pressure appear 

to play a major part since all types are found in the same 

deposit and the effect of pressure on one type would be 

expected to modify the others; the. effectiveness of heat i:n 

producing the differences in texture is ruled out since the 

flint clays have normal amounts of water of crystallisation 

and further they are frequently found in contact with the 
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soft nlast:i.c clays whtch show nn signs of hent effects. 

Th.e most adeaurte exnlanntton of. the d1 fferences in 

hardness of these clays, suggested by Stout 1 s work on Ohio 

clays (23), see"'ls to· be the flocculation or colloidal Dflrti.cles 

of the sedi>r~.ents, owing e·1 th.er to the extre>:ne .fineness of the 

particles t'l1omselves or to the inflnnnce of water-borne electro-

lytes such ,<:Js carb~n dio;ride charged water furnished by streams 

drf!inintz the dolomite or the orv,nnic acids formed in the coal . . 

swrmms. The purity of tr1e flint and se111i-fl int tvnes ind:tcnte 

that the deco'Tinosi tion of tbe original sediments \"lftS very com­

nlete or thf"lt tlley we-re reduced to a state of fine division be.;,. 

fore settling. The settling of the C'illoidPl nnrticles· or fine-

ly divided 111aterir.ls wns not cnmn1ete hf:cnuse even the most in-

dura ted t-vpes show nlastici. tv on 1::n .. olon!4ed a;rindin~, r:nd in the 

c::: se of the fl1 nt clays frmn Hpwtrfi~nslrra.fll the restored bonding 

propert1.es produced by w"' ter ~l .. i.nd ~ np; tht s cla:v n-r>e nearly ecmal 

to thr<t of the chocola\;<7 nlasttc cle;y from Snrin~s. TheT>e w:ere 

doubtless other comnlex cnr.;nF;es. thflt AccompPnied the formation 

of' the cl'"'YS in a(~di tion t.o the factor of P"l"t:tal se~~t11ng \'~'1-dch 

are nr~t nronerl;r understood. 

To su'r1ID.ari.ze then, the plast'i c _cla:vs pnnear to represent 

11 sapropelic 11 de-cost ts associn ted with the coal ~neasures and their 

formatirm may hf'Ve be.en hCCfl!1'11)Sn1ed by br.cteri al nction. It 

would seem thot the flint !"lnd semi:..fl ·~ nt cJt!ys r>nd st11c:tous 

refractory shPles aT>e best accounted fr:r by ti,e infiiJX of very 

fine terruginous sed:l:ments int0 depnsi tional areas, w'tth or 

w:'! thout the presence of coa.l-fo:t:>•rrt nP: nlants, "ft~r wh~_ch ps.rt:i al 

settl in~ influenced nrobr1.b1 \1' by the presence of existing vrater­

borne electrolvtes took nlace. The sol1rrnt nct-i on of t~ese 

water-borne·rea~e:nts doubtless affected the removal of tron, 

alkalies, and.even sil-tca, to le«ve behind~ concentrfl;tion of 

,. 
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Pra.ctice.lly all of tbt-:o :refractory clay m1.n.cd in 

the Transvaal is used directly by the producf;rs tor tlle 

Jslllnufacture of clay producto. Mining of refractory clay 

for ::Hile is not an. important cons i<lerat .ton. 

~rhe successful exploi tut .ton o:t' the i'et'ractory 

clny lr1 the Union iB dependent o.n the following factors: 

1. Character a.r.t ct extent of reserves. 

2. l•1ethod of :::.lining. 

;;. 'J.l:runs port •. 

4, Uses. 

Character and I~xtent o:t.' He.aerves 

An aocuro.te as t i.tr;a. t e of the t..otal available 

reserves of refractory cluy in the Union is not enslly 

arrived at because: 

(u) prospecting has so far been generally confinett to 

easily acce::a~ible deposits 1n the. proxJ..Inity of the present 

ruanu.t'acturtng centres ir .. the '.ftansvaal. 

(b) t11e L!<addle Eoca depoHi ts fro.~rt which ~~he rsfraotory 

character both vertically und laterally. 

The roslllts of e:x.ploi•atlon work in recant years 

bring out t.he algniflcant feot thnt although tho re:t'ru.ctory 

cle.y ref:!erves are large • they are by no L; .. eans unll.ud. ted·. 

especially in the vlcinlty of the. present J.i.;anufactur:ing 

centz'es. 'i~hls condition ls emphasized by the need of the 

larger f'il'WS to bring refractory clay frotll considerable 

distences, up to 60 .mlle:.1, to thelr WorkH in order to 

111Uintain quality sttlndards. 

Ca.ret'ul ,prospectlnc operationo with bore holes 

and pits lnid out according to u pre-arranged plan, are 

easantiul in oruel' to determine whether the refructory clnys 

in specific areas are sufficiently accessible to be ~ined 

profi ·cably. ·rhe do.tu available fro.m 'IS'tlc h controlled proo- --

pecting enable an estiJ.w.ute to be 1 . ·· 

) •• 11. \ 

' 
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made of the character and· extent of overburden, waste rock, 

and inferior clay seams. In view of the extrema variation 

of the strata from place to place, such information is of 

great importance in opening up clay deposits. 

Methods of Mining. 

The output of the refractory clay deposits or the 
,. 

T:t>ansvaa.l ranges from 50 to 51 000 tons per month. The clay 

deposits al'e· subjected to considerable lateral and vertical 

variation in quality and extent and the strata are generally 

horizontally disposed with local conditions of undulation and . 
I • 

usually lie at shallow depths, which has resulted in the selec-

tion of open cast methods for the bulk of the refractory clay 

INinning operations-. 

There is little regularity in the thickness and charact- · 

er of the overburden overlying the Ecca refractory clays, owing 

to the ~eneral undulating character of the basement rocks. 

This is particularly so in the case of the areas underlain by 

dolomite which, as previously pointed out, readily forms solu­

tion cavities into which the overlying strata have slumped. 

The proportion of overburden to .refractC'I'Y clay which can. be 

mined depends on t~~ value of the refractory clay and also 

whether the overburden can be used in the manufacture of 

building brick or other products. The depth of overburden 

seldom exceeds 20 feet in depth in present commercial workings 

and the overburden to clay'ratio usually does not Axceed 4 to 1. 

The overburden is removed either by hand, wi·th pmver shovels, 

or with scrapers, depending upon the size of the operation. 

In general,. the thickness of the seams of .refractory 

clay encountered in the Ecca Series is not great. In some 

workings, beds only 3 feet thick are mined, although a more 

usual average thiclmess would be 5 feet. The usable seams 

are frequen·bly 



... 6 1. -

interbedded with waste rock or inferior clay which imposes a 

sorting problelJl; however, open cast methods greatly facilitate 

selective mining. 

The thinness of the seams and the need for sorting 

imposes considerable limi·tations on the t;-p:e.s_ of miningtequipment 

.usable·.::c ·which lead to increased costs. In general, the 

softer clays are mined by hand or with pneumatic tools or 

power shovels; drag line scrapers are also. used. The harde.r 

varieties are usually drilled and blasted. All of the refract­

ory clays are generally hand sorted at the pit face before 

being loaded into coco pans; lorries, or dumpers for shipmentt 

to the Works. 

Underground mining is resorted to at Vereeniging and 

Olifantsf'ontein for obtaining clays too deep for open cast 

ope1·ations. Such clays are taken out by drilling and blasting 

operations and they are transported to the surface by coco pans. 

This method of mining .is only applica"hle to high grade clays 

since dif'.ference.s .in ruining costs can be up to 5 to 1 in .favour . 

of open cast methods. 

Transport. 

The distance and accessibility of the deposits from 

major industrial centres are important controlling factors for 

the economic development of the refractory clays. In general, 

most of the refractory clay is used for the manufacture of 

articles of low economic density {value per ton) so that they 

cannot be economically shipped any great distance. The current 

value of refractory clays in situ is 1/- per ton at most.; the 

bulk of the deposit being valued at 6d. per ton or less. Where 

railway facilities are available on site, certain clays. o:f 

exceptional quality can somet;imes be profitably shipped. 

However, it is emphasised that such clays are .restricted to 

the manufacture of ware having greater value than normal fire­

clay goods. 
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· In addition to tho cost of :mining and trnna:port, t.hero · 

are the usual oha.rges :tor roya.J:ty to property cAmers• overhead 

adt"tlini·strn.tion. and :maintenance,. which must be applied to the 

aoot of tha elay. 

uses. 

in a. nmn.ba~ of clAy products as :follows:· 

(a) ;Q,lf!Z ~frnotj)~~le~;,.. BY fnr the lnrgest ·aonSU.mo:r ot· l'etr:nct­

o.ry ·clq is the. clay rof'ractor.ies indue,try· ~a because of its 

importance. in .th!s fiald,.it t1lll ~described in turtllar 
; . 
':F-;., 

(b) J!t):ld~ Br.icl~.:. South Atriea .is· perhaps unique '1n the 
. - ' .- ~ . 

. world i!'l tttil1stn~ high grade rafl"aoto'ry clay for the manufac-
. . 

ture .of building brlcJ.t.~. In the Union:; "Golden .Brat7l'i,. rm<l . ' . . . 

;sitdlnr slw.des of f'ac.e 'brick ilrs preferred ·oval:' the more 

· p:ros!ae 1~d brick ap.d l'Jhi..lo s9m1-refractory olnys. :tor.rs a 

portion.· of the otxtqrc used .for thase bricks, Q.uite .frequently 

high-grado ref~actory clays are used as t?cll. ·oooauso of the 
! 

econoni.c factors involved in the produotlon and sal~~l of 

these bl'i.e!:s~ 

(c) Salt Glazed riar$ :, Ra:fractoxy clnys are uoed in tha oanu­

faeture . of o~r. pipe nnd allied salt glf1zed prOducts 1i1 order 
. . . . . 

- . ' 

to provide tho miltture with silf'fioient rof.ro.ctorineso to onable 

the \'Jar-s to be bu.rne.d without distor-tlon~, 

(.(l } En.rthenware: Larthe.nware 'bodies .ror tlle monu-racture of 
I 

croc'kocy_, oonitary waro,. ana. aleetrieal in.sulato:i?S have vo.ry!.ng 
. ' 

amou.nts of .refractory clays inoorporatoa 1n then to p~oduce 

·the desired. pb.ys!;qal propert1es,j 
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IV-NATURE AND PROPERTIES OF THE REFRACTORY CLAYS. 

GENERAL STATEMENT. 

A controlled investigation of the constitution of 

five selected South African refractory clays * together with 

their more important ceramic properties was undertaken with a 

view to b:ringing to light some of the underlying reasons for 

the va:r;~qg§ phenomena observed in industrial utilization of 

these· clays. 

A study of the changes in the ceramic properties of the 

clays and shales of a section of the Middle Ecca strata was 

carried out to determine the effect of the geological features 
.. 

of such deposits in relation to mining and manufacture. 

A pr.eliminary investigation of the beneficiation of .... ' ... ~ 

,some south African refractory clays through pH control is 
' ~ f' ' • I~ ' • •· • 

p:r;esented, 

CONTROLLED INVESTIGATION 

General Statement 

Refractory clays, although classified by the ceramist 

into general groups, i.e.- f~int, semi-flint, plastic, etc., 

show intense individualism when studied in detail. They 

possess inherent variable properties resulting from their 

geological background, which profoundly affects their behaviour 

in manufacture and service life. Rather than present random 

data on different varieties of refractory clays, a complete body 

of relating data has been accumulated on master samples of five 

connn.ercial l'efractory clays selected as bEJing representative of 

the types employed in the manufacture of fire-clay refractories 

in the Un1on~ These data include i~vestigations of the con­

stitution and ceramic properties of the selected clays. Add­

itional test data have been included to · illustrate divergences 

in varieties of these clays. 

Jt See ceramic definition for clay p. 



- 64-

Tho general points involved in the investigation of the con­

stitution of the refractory clays include: 

1. Nature of the predominating clay minerals present. 

2. Composition and amount of accessory minerals. 

3. Particle Size. 

4 • Base Exchange phenom.ena.. 

~ethods of Investigation. 

All of the methods used for the identification of the clay 

minerals and accessories nre comparative and depend for their 

efficacy on the existence of relevant data for pure minerals, 

few of which are readily available. The·y are also limited by 

the effects of varying grain size, and mutual interference of 

the minerals in the mixture. In consequence no one method can 

be relied on to produce reliable results. It is the purpose of 

this investigation, therefore, to apply as many methods as 

possible to the determination of the clay minerals and accessor­

ies present. Differential thexmal analysis seems· to offer one 

of the most informative methods available for the study of clays 

and it has been features in tJ1is work. x-ray diffraction studies 
' • • + 

are .included, supplemented by optical examination, , quantitative 

chemical analyses, morin dye tests, and spectrochemical analyses. 

Particle size determinations and base exchange studie~ were made 

and the xesults of radioactivity.measurements and observations 

·with the electron microscope are given.. Ceramic behaviour was 

determinecl by laboratory te.sts evaluating the plasticity , 

re:fractoriness., ahd drying and lml'ning characteristics of the 

selected clays. 

The full. programme of study is sunmarized below: 

1. Dif:ferential thermal anlysis 

2. x-ray examination 

(a} Spectrometer m~thod 

{ b} Photographic method 

3. Optical examination 

{a ) Thin section study 

(b) Powder study. 
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4.- Electron ricroscope. 

- 5r. ~urmtitative chenical analysis. 

6. l~orin Dye tost •. 

'1. Spaetro--chemical analysis"' 

e. Radio activity. 

9 !* Particle s.ize distribution. . 

1o. Base exchange phenonena 

a. La aching .:.:ethod. 

b. E.leetroCJ.yaly.sis method 

11. cerozdc behQ.viour .• 

o~, .Dey .-St-rength 

d. . Btt.%:n1ng shrinlta.go 

·a • Burned 'otrongth 

f. Refrncto:rtneos.,.. 

Cla;y:t:iperals':. Q_eneral Stotemnt .• 

Refractory clays ~1.:n. general aro tH.mposed essentially 

of the elay minerals together with ·var.:tous acoe.ssory minerals. 

groups: 

The clay clnerals arc broadly ·Classified into three 

1.. Kaolinite. 

2. t:ontnorill:ord.te 

a,. Ill·ite. 

Tll~. priticip~l nembers of eaob group together 't'1.ith 

thou sallcnt ceramic pr·opertias nro given 1n Table VI. 

(24) (.25) 



Grou;E 

Hembers 

Characteristic 
~ram1c ProEerti~ 

Slaking in water 

Plasticity 

Dry Bond Strength 

Base Exchange 
Capacity 

Fired Colour 

Refractoriness 

'J.'abJ.~ '.l. 
Classification of the Principal Clay Minerals 

Kaolinite 

Kaolinite--(OH) 8Al4Si010 

Dickite--similar to kaolinite, 
differs in way layer unite are 
superimposed. Rare in sediments. 

Nacrite--similar. to kaolinite, 
differs in way layer units are 
superimposed •. Rare in sediments. 

Halloysite--similar to kaolinite, 
differs in way layer units are 
superimposed. 

Hydrated halloysite--similar to 
halloysite with 2 additional 
water molecules. 

Anauxite--higher in silicon,. lower 
in aluminium than kaolinite. 

Difficult 

Poor 

Poor 

Low 

White 

High 

Montmorillonite 

Montmorillonite-­
(OH)4Al4Sis02o•xH20 
(usually contains Mg) 

Beidellite--lower silicon, 
higher aluminium. 

Nontronite--aluminium re­
placed by ferric iron. 

.Saponite--aluminium com­
pletely replaced by magnesium. 

Easy } 
) 

Good ) 
) 

Good ) 
) 

High l 
) 

Coloured ) 
) 

Low ) 
) 
) 

Illit.e 

Illite-(oa )4Ky~l4( sis.:.yA].y )q 2o ... 
''Y" vary.1ng ~from ~1. t.o 1:.-5' 

"Hydro-micas". 

"Sericite-like" minerals. 

Intermediate 

between 

kaolinite 

and 

montmorillonite 

groups 

I 
~ 
~ 
I 
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The wide differences anong the properties of the three 

groups are fundamental and result from differences in their 

atomic structure. 

Atomic Structure . 
The principal clay minerals are crystalline e.nd with 

fe\T e:x.celitions occur i.n flat platelike particles. Bragg {26) 

states that, "Their structures are based on the hexagonal net• 

work of linked silicon...o:x.ygen tetrahedrons.-u nTWo main struc­

tural units are present in their atomiG latticee: (1} The 

aluminium hydroxide (glbbsite) sheet ccneisting of two layers ot 

closely packed o:xygens or hydrcxyls between which aluminitm 

ions are embedded in such a position that they are equidistant 

from six oxygens or hydroxyls to form a network of the composi­

tion (OH)aA-1404; and .(2} a sheet of tetrahedral silica (Si04 ) 

gr,oups which when linked to form a continuous hexagonal network 

has the composition s14o10 ."(2) 

Kaolinite Group 

This group has a. crystal structure known as the 1 : 1 

lattice type. ttThe unit cell consists of a gibbsite sheet and 

a. single tetrahedral silica sheet which are held together by 

the valence bonds of :tour oxygens which occur commonly in both 

layers." (2'1) The group includes four polymorphic varieties; 

nacrite, dickite, kaolinite, and halloysite, which, according 

to Hendricks (28) 1 differ in degree of disorder in stacking ot 

the layer units as: nacrite, nil; diclcite, slight; kaolinite, 

considerable; halloysit·e, great. Kaolinite, dickite, and nacrite 

have the formula (OH)aA14s14oro• Halloysite, according to 

-Roberts (24)., is thought to exist in two :rortilS: one (hydrated 

ha.lloysite) which contains two additional water molecules,. and 

the other (halloysite) which is chemically s milar to lcaolinite. 

A continuous series between the two forms can be expected since 

the hydrated halloysite loses the two water molecules when heat­

ed to 50°C. and forms halloysite. In addition to the greater 

degree of disorder of stacking already mentioned, halloysite 



differs further frnm the other kaolinite groun mi nex•n.ls in that 

the crystnls r.~re s'""la.ll, and l"th 0r rod shrped, while. those of 

knollnite cnnsist of he~agnnPl ~lates. 

also tncl.uded in the ka0li,nite ~rmip. The excess s5.1i.cn which 

chAracterises thls Tllinernl is su.s:r,czested by,Hend'l"icks (2A) to be 

present in the kt1olinite structure as neutrGl sil_ica lryers 

w:i. tr1 the qonsti tutton sto2 , or nnssibly 4Si02 .• H2o al ternr-tting 

\"lith t1-je kao] ini te la::vers in 1.rreg't.tlnr sequence, tr.us '11nking 

nossihJ.e a. seriAs .between kDnl5.ni te and annnxi te .• 

Reni:1ricks (28) s'f;;t:ltes that .:i.somorph'ic renlncements in 

the ka"'linite p:roun are lnrp:ely restricted to mutual suhstitution 

of Al end S:t in the ( Si2 ) positions with result.,_np..: vnr1.otions, 

quoti.nt1: from Ross and Kerr (29) in the Si02 . : R2o3 ratio from 

1.6 to 2.9 : 1.· Hendricks nnd Ale;;nnder (30) noin·s out thnt if 

'iron o~.ide CQ"•:btned with. silicA eYCeeds 2%' Fe2o3 , or if "Tl.ore than 

1$6 of non-exchrngeahle notassium or '11Ugnesiu.m is deter>mined, 

clay m:lnern1s other than tr,e l>:aoJ inite grouu are nresent. 

Illite Group 

The nAme 11llliten is generr.~ll:v used as a groun c1assifi-

cation for clay minerals of the "hydrnted m-ica" or nserlclte 

like" tyne. The general formula pronosed for thi_s [!rrmn is 

(OH) 4KyA14(Sis-yAly)o.20 \'lith n:v" vnrv:tng from 1 to 1.5. (27) 

The structure of these minerf!ls :ls of the 2 : 1 lattice t-vpe, 

conststing of two s:i.lica sheets and one gihbsite sheet. (2?) 
H+t . . +H· 

The Si nosi tlrms are renlnced by Al and the result'tng excess 

charges sat·~ sfi ed by !\.+ions bet•J"reen the s-i.lica sheets of two 

ffiiCcess1ve units. 
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Replacement of Al in the gibbsite sheet is considered possible. 

(27) Isomorphous substitutions or FeHa.nd of Fe_, and tit(.for Al-~-"'~­

lower the A1203 content by 25% according to Pask and Davies. (27) 

The illites therefore compriae a complex series of mineral's, 

the structures of which are not completely known. 

Montmorillonite Group 

This group includes tour minerals: nontmorillonite, 

beidellite, nontronite, and saponite; all of which belong to the 

2 : l lattice type, i. e., two sheets of silica to one of gibbs­

ite· (2). rate.r is loosely held between the silicate layers and 

varies with the humidity of the atmosphere causip.g corresponding. 

expansion of the lattice \'1hich characterises this group ( 27). 

The general formula for montmorillonite as suggested by 

Hoffl!l.an, Endell and Vtilm (31) is (OH) 4Al4s1802o•nH2o. Partiai 

.replacement of the Al in the gibbsite sheet by Mg and/or Fe is 

possible nnd if the substitution or oagnesium is complete the 

mineral saponite is de.rived or if' ferric iron, nontrvnite (27 ) .. 

Marshall (32) states that beidellite is structurally similar to 

montmorillonite but substitutions of Al for Si occur in the silica 

sheet. _The va!idity of this species {beidellite) is open to 

question according to Pask and Davies (27} .• They oi.te Gr.im on 

the belie:f that beidellite may be a. mixture of several c.l~lY min­

erals and sta.te thoir> conception that this mineral ~s an inter­

layer mixture. 

Accessory Minerals 

Allophanes (or allo:phanoids): All non-crystalline solid 

solutions of silica, alumina, and water are included under this 

term. Sa.lmang (33} gives the range of conpositions as Al2o3.;.o.3--
1,3Si02.1.8-8.5 H20• The ·a.llophanen are thought to be present in 

small amounts in practically all clays; however, R1es {34) points 
I . 

out that there is always Svme dotlbt as to V!ho~he:r these amorphous 

clay minerals are definite species or sinply abso4"ption compounds 

of colloido_l silica nnd alu!!l.ina with variable amounts of water. . . 

Other non•clay minerals: The hyd.rous.alumina I!linernls 

including gibbsite (alpha alumina trihydrate}; boehr!:J.ite {alpha 
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·alumina mono-hydrate); and dl.aspore (beta. alumina monohydra.'te ) 

and clic.b.i ta (an. anorphous vu.riety) have be.en: foun& in certain -

overseas clay:s in V'ar.ring amounts.. I:uscovite_, quartz, calcite, 

·pyrite; heoatite, limonite,· goethite, leuco:xane_ ano. :manganite. 

as well as carbonaceous material of various types. are mown to 

occur as common impurities in ;clays. 

D~~e:r.iptipn,.of Selg_q,tod swn21es 

Ua:s·ter samples of . approximately 50 pounds each tvere 

-collected from .stock piles of fltre co.r.:ncrcia.l .refractory clays 

nol'mally used in the mant.d.'acture ot :r·etractc:r ies,. 

The samples were inspected tor har(!nes:s, colour,. traoturelf 

structure~ textu:re.t and Visible impurltles.. Hardness v1as deter-­

mined roughly by the ease wi·th which the lump 'll'Jas brokcrt. This· 

property var.iea with the different types ot clays and is useful 

:tn estima.ting the ease and ~"me~ in Which it Z!lll.Y be ground i.n 

.,_ .. ,preparation ror manufacture. Hard.ness also controls the type 

of partif:les produced in the crushing. grinding. and. aoreen.ing 

of the ~lays_.,. The so.rt clay.s break down l"ea.dily, · yielding .s.mn.ll 

round -pa.rticlau. whereas the· sem.i.-tli.nt. and flint ·tyPeS which 

are· reduced with ·di!.ficulty :prod.uoe alltlrp angUlar fragments. 

Tbe .fra.ctu.re o:t the material also ind.ioates the type of fragm.onts 

obtained in grinding. The .srun:plea wexre also examined for· col­

our.• This property serves meroly to identify the· clay in the 

raw state,. since origins~ c·olour generally ba.s _litt.le or no ef­

fect on burned ,colour. 

The structure of the clays, .including the exterit of bed­

~ding; texture. whether eo~l.\SC o.r :£il.1.e; the texture,, or ·-degree o.f 

h.omogeneity., were a.lso recorded; such data a.ro particularly im- . 

:portan.t in mining operations and also useful in mariufaoturing .•. 

The visible impurities wara noted. 'The pr.incipal ones·· 

a·re: quartz1 in the form. of sand grains o.r C<)110l'e~ions; iron, 

in the form .o:r colouring oxides ·a.long the ',joi.l::tt lllanes or dls­

pe_ sea throughout the olo.y seam a$ a yellow., brown, or re·d s.t,ain; 

corbona-ceous matter disoolou:ring the clay black or brown: and 

manganese as staining along joint planes or disseminated through­

out the clay .• 
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Clay V 

T:li-pe: plP stic 
Or ~in: ~rings rea 
Hat>dness : soft 
Colo r: choco ~te 
Fracture : e rthy 
Structure: v~ ved 
Texture: altern i~ s f 

11~ t and d colo red 
material it incl ded 
or ,anic matt 

V .. L sible imu ri t 1 on 
ins 
m.tter 

Clay V 

and 'llan anese st 
and c rbonaceots 

g rea 

o n 

ne 

c arser a rtz ~r ns 
Vi.sib e impurities: , 

abundAnce of cl~rtz 
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Oenen 1 Sta t ,ement 

Di.ff'et"ent1al tt1 e~l nna1:~rs:t. a 1 a a ?ecogn1sed method 

of mineral determi nation wh! eh ha e pr~ved n"rt1eu1at-1y ueeful 

aa a mesne ot 1dent1ty!n~ and es t1mnt1.ng the clay ~1ne?n la• 

carbona tes. hydrous O'ftdee. and othep substances wh ieh. yield 
., 

d1agnostl e e·urve pq tte~• by thf.a method.. 

The t eehn1nue is br.~ sed on a stndv i,r t he tltermal h!sto~ 

relea sed when tbnt eubstane e unde?go 1 cb~'-cal or physical 

ehnn r:.ee on h e'-l t1t1!l or cooling. 'l'he5e tbt'!l'm~l ehanp,~a '!'lAY be 

due to lo~s ot meehan1ca.lly o-r eh emteally e~btned •~· tet-,. md4-

!n n raet i ce. d1fferentfa.l the-rmal ~n,.,1,..1s 1s normally 

c ~rr! ed out by 1dent!cally hestf.ng t;he s o.mnle to~ethel' wtth a 

thermally ine-rt nm ter~ Al at a. c nn s t gnt and f a irly r !l: p!d r~te 

to abrmt toooee •• or s e nenr t o t us1,n a s p ossi ble• in an elec­

tri c t urn r.> e e . Temper st'!J"re d i.f' ferenees between the !H~ "!lPle end 

t h e ·i n ert ~~ ter! n,l n:Tte measured by me12ns of a d1 ffe~ent t al t.~el'-

tuPnace tempePrttut-es me~ su~d. w!.th a noJI!III8l t ~N.ooouple, to 

gi.ve a et rve p Attern. The UtmRl· 1!1letrod of· 11lnst ron t !ng tr<"~ se 

thermal ef'tects is t o plot the n ot herm!c ehanlil'eS ahove a.nd the 

endother-mi c ~hanp;ea below the zePO o-r b nse line. The f'! .ns l 

euroYe pf?.ttern shows the 'lie .~' mde o.f t h e the~~l effeets, the 

actual temp~!l tura s a t whi'eh they oem.u•• and wheth e? the,- peore-

a re c: .. i "~rtst 1c of' pnrot 1e,;1 " r mi neral s ttnd otm be u a,ed to tmr-est­

' ~e.te tl;e1~ pre s ence. ei the-r alone or 1n: adm1xture a. Th1• 1a 

aeco~:u:>l ~shed b'v OOt!!pn:r-1ng <nl rYe a p-repnr ed· t'rl"ft t he e !!Dle w ~ th 
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Paet"rs Wh1eh renu!.T'e stttnd .J-(Usat, on if t-ee ,lts Sl'"e to 

be reoroduetble are duplication ot heating rate. size ot par­

tieles, dens1 ty of n~eki.n~ ot IUnl'tple and reference. 111Pter!a.l, 

nnd •1os1 t!on:!ng of' th_e th~..-moo-ounlea.-. A o~on nM>bl• en­

c nunt erer 1n th 1 s 1!let~od. ~ s the t-~ndencn- or the !lePO or 'haae 

line t o devi Pte ~ the 'hor1,;ontal mr~ng to the occmrrenee o-r 

te"nper"A r. re ehen!res other than the d1.fterentt nl the~o.l effects. 

Tb.1s -hen,.,menon 1.s rn~wn ~ s the "la•e ltne dr1f't" and can be 

caused by mteven heet!ng ot the epee!l!'lens nr chanp:~s i n ehrtnlr­

a~e end. sne-e!.fto heat or t he aamp"':'_e lll)on cH ttsoe1.e.t1oD. Un"en 

heat~n~ ratea are usu 11~ due to fe.ults !n des,an or eonst~Jet'on 

of the ap~ara~ts g,nd en.n be rectU!.ed. The ~the?' ca·usea are not 

e"'sy to overe~me ai:.nee thev Pre 1nhe,..ent 'f)Pf')rH~-r-t~ e .s of' · the mate,__. 

tala be1na t ested. No gttemnt bas been '!llf.lde !n tJ'l!.e wot-k to 

cor "ect for b~ ee , !ne t!l."!.t t ~n~ the ~etr~'!l ts A.T"e nt-esented &8 

obtPined. In P-'M!erel t'he t-~?Od, e~b11!~ or t~e t-esults 1.8 

gcod ...,1 th the a.J,.pP.retn~ deacrfbed bel-ow. 

App!u~a ttut ant! Proe e<hn•e 

'Phe apnarr.~ a Cl')-n st:rt e tet! by the euthoP was 8'!ft!lar ! .n 

principle to t.hP- t d:etd~ed ~ Nort nn (~5) and BerkelhameP (36) 

with certa!n mod!f'!cP-t~~n• at!onted to pe!"m1t available !nstrn­

'netnta to be used. In .sre.ne!'"~l the eout r.l!Mmt oonst eted of an 

electric rnurne tnme.ce •. s nmple b(')lder, the'T"!'ltocouple. and tem­

per"t!J!'e roeeo!'der. A d1 ggram o-r the aet-uo ! s ~.ven !n F1.P"1Pe 

17. 

The eleetl-1. c turna ee wna cnnst'l"'' eted by w~n<Hn~ a "D" 

t;lpe andal,1ei te '!"l''Uftle. • h' ~ z 6" long. \lf'1 t'h ~!ehrO!:!!e ,.,re. 

and i.n~..1l t.,_na 1.t w1 th 6'" ot expend ed vernd eu11 te. One end flt 

t he --mffle was closed and a plug mad~ ot !.nsulnt"ng f''-rebr-! ck 

was provlded to s eal the ot h er end. The t"urnft ee temnfn:•"t re was 

namH~lly eont!'"o1., ed b"':!' menns of a !:1 t~e wt ..,..e ree stanee so ae 

to ~ 1n~ !:l 1n A her t ~ n~ T."~ t.O nf n i"'~X:tm~tely 12-0 0. per mtnute. 

r_r,..,e s~ -'!e ho1 A,.. Wf'S n ep r~d by dl"i111 g two ctt-eul , r 

cav-tt~ es. ·· " 1n d~ ~·moter . nd 3/4 tt d e e • 1/~" arH,rt !n. a. eh:rome 



!n the wall , r eaeh c -.r1ty to a m1 t th thermocOUPles. 

7'he s~te .le ae recer! -.red. und r , e d aM t1nt-r nt ed. ""' s g?otmd 

to pass a 49 mesh ~let- 8crt~Jen an tamned n lace "n one ea.-.r1ty, 

en<! al,lndtra• wh!eh 18' t he!"DDs11y 1rt t-t 1n tbe temneratvre nnge 

ot these tes ts • . I!H~ : lf.loed tn the othe~t. 

t. t1ro- ~unet1on. eh rome1-alnmel d!.ffel"'en t .Al t hermocouple 

eonst s tJng ot two le · a of ehromel• ~oint!K! by e. ccrm n e d ot 

a1 m~l. wr··s · reparedt one ~uncti on WAS 1nee~ed into the s maDle 

and the other 'nto t h e inert llltlteri.el. 'l'h·e chr ol'ttel-nlumel e 

c ouple .~as pt-~t'ettl"'ecl O.M" . nlat1..num-p1att~ 13~ Rhod!tnn CO'UJ'le 

and beer-m ae ot ! ta greatet- sens!t"T! ~. A n~~l nlatim:mt-J>lat­

· tnum 13~ Rhoditm thermocouple wa e ~n nnrted i n the inert mP teT-tal 

to reeord the f n l"'naee te~ernture. 

The s n:mnle hnld A"r with t h e-moeotmlea !.n place. wae set 

on a monel met.a1 et~nd. st ~ported !n"'e"'Jendentl~ ~r t he fuPnace 

nd ao ~rrnn~ed Ill S t o postt1nn t he ·s a l e hol er in the center 

0~ t h e muff le. The !nrru1 t tnF f!"rebt-ick -ol ug .• ~oved to C t:t 'M"J" 

t h e the~noounle l esda. \'1~ !1 then P'Ut Ul place and 8«}A1 , n O" or the 

furnac e w~s comnl et e:d w! t}, aebeetos wt:ml. 

A B'rOWD tlllll t 1• 1\'l01nt recording t n s rt;ment w1 tb mdl t-1n 

cold unction eomnensn. tt,n w, 8 used to reeot'l1 both d1ffet-ent1al 

and aetual tempe-ra tt rea. In o~er t() · ob'i;P iD plu s and m1.rma 

deflect f ona ! n t he e1" '!e , r tJ...p d1f~srent:t n1 tempe,.-stu,..ea. a 

b Ptterv b o:t !n ser!.ea w! th the d !.t"fe?ent"'f"l t~ermoconple waa 

1: s ed .to nos1 t1~n thP .. e T."ecoro ~:~~:s conven~ ently on th.e ch,.J-t. 

The n !"' 1 e me tP _ oounl e ntNJ. ~lr~n!l' rt11"'rU1ee t ~e1"'~ tn•e ""' s d!.t-ect­

ly eonneetoo to the r ee ord!ng instrument. The r e c .-n"t! ed resul ta 

were reolotte·d t o ~reeent the •.:t., t ~t 'n conYenttonal .f~t'lm t """tt 

. com.pi~JOD w1 th. the Wl')rk of other i!IY~ st1C«tt01'1J. 

~Jr.per1ment~1 Results 

S1n.ee t l!e-re -w~ s n o other d! ff"erent!:al t h !"111&1 analy sis 
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equipment 1.n the Uni .n nt the t1me. 1 t wr e necessary to eh ek 

the oper P-t1 on or the author 's eout-ment ~ ~ainst the work or 

overse s ~esearehers, A ecord1n~ly , dtp lc te s mple s* were 

sub•:n tted to Dr •. H. Hes·s of p ,... neet n T niv 1'"81 ty, ll<~r. n.F. Cprl 

of the T1n1 ted States Bure,:~, of Mines, and r .• R .... Grim of' the 

Illinoi s Geolof.lic 1 ' rvev. 

The res~ lts ·o t~!ne by t.he!le observ rs using different 

anp ~at'! s ~ nd one:r-'"ttn~ teehni.o":l l" S were plot t ed to the ·same 

so. le f'!lnd are ~lven ~ n F1~re 1 1'3 to1retheP 1th the results ob­

t~ined by the writer "n the a r.~ r t" t, s deserted. In ["Eineral, 

the agreement amon~ tl e r eS'I. 1 ttt w::~ s very Rood. Some vt~.r1 · t ions 

1n t he osJ.tion of the endot.he!"m.1o pe~ s ~ re noted !n the curves 

pre sented , ·h1eh r. re ver~ prohAbl 

r~tes by t . e d1. .fferent workers • 

due to d1ffel'" m~es in h e et-1 ng 

. eference stt'!t· les 111ustrPtin._~ each of the nr1ne1.pal 

elpy rnln . rn.ls ~e'r' e obt~ !ne "'r om '1r1:m, and thermel &n91:ys1a 

on the crem1oal 

VII. 

TheM 1 • nalzeia-:ot K~ol1n1 te: The d COlftn(')s1 t1on of the ks.olini te 

sTJ e-e1l!!en on he t ngo to 100n°c. is sl!nwn in the f nllow1n cu!'Ve, 

g ven in F1~re 19. 

Two major r e ti ns ~l'"e n ted (~~ . 3~ ): (a) the dehv-

e _p, n e a. t 't-r11t 62ooc. und er t e c n 't t1 ns of the a t h or's 

eo 1 ment~ and (b) the fol""!l r. t1rm of c~et .111ne 17R~ slum1 n a , 

wl ~ c~ ~ s h e re ncC 'Y"'1 ,Pn1ed h v n ~h'-'11' exotherml a rf'l ct1C'n at 9goQc • 

The f1t"~ t re"" ct1c-n 1 e du~ to the lo~s of st~c ',..e.l ly 

held w t " r n" 1s e resent e by t he f61lmr,_np.: c,.,ent1CP1 ec, at1 on'1 

Al o3 .2°102 . 2H2 0 • Al 2 03 .2S10g ,I 2H2 0 

-'J. See select -d cl s: 1-I I I; 2-JI; 3-IV; 4-V; .PP • '7'J_, 72. 
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Ta ble VII 

Chewi ca l Conw osi t i on of . Re f er ence Clayslt 

1 
2 
3 

o. 

1 
2 

3 

gni t ion 
l os s 

13 . 87 
>. 2g 
4 . 8 6 

o. 

Si 02 Al 203 

45.18 38 . 80 
58. 48 20 . 27 
64.41 20 .80 

Type of Clay 

oft ka olin 
Shale 

Bentonite 

* Da t a a ft er Gr i m and others, (37). 

Tio2 

2 .15 
1. 20 
O.lg 

(In perc ent) 

Fe 203 ca o MgO 

0 . 31 o . oo 0.03 
7.74 0.52 2. 00 
3 . 55 0 . 83 2 . 33 

Key to Ta ble VII 

Loc a tion 

ry Br a nch, Ge orgia 
1enard Count y , Illinois 

Cla y Spur, Wyoming 

Na 0 2 

0. 24 
1. 28 
2.86 

K20 

0. 01 
3. 33 
0 . 3g 

Tota ls 

l OQ.5g 
101.11 
100.32 

Mi ne r a l Com position 
I 

-..::1 
Kaolihi te, ru.ediwn gr ain si ze i::J. 
I llite (high iron va ri ety), quart z (1 5% '1") 

tra ce of pyri te, l i.won i te ,,.lkaolinite.-
on t m.orillon i te, quart z ( 107~ ) 
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The second reac t i n coincides rith the formPt ion of 

crystalline . nm,na alumina. a ec rding to Ins ley a.nd Ewell (40) 

and is repre ented by the f llowin g che ic Rl eau tion: 

Al203 . 2~1o2 = Al 2o3 f mixt re of S102 and Al203, 

These workers eTOl tn the s t=~ rp endothermi c peak of t he 

aolinite r i. n"' r~> ls en t e r oun d s that t h e Si02 res ent ret rd s 

the crysta.llt sat •:-Jn f the g a.TI1T1'1a Al203 so tha t w en 1 t oc cur s 

it does so very r opidly n. t e hep t of ~ryst~'~l is tton is liber-

a ted s1 dd enly . 

Studie s by "'1 tel (41) sho t . " t th.ere i s n ch $:> e i n 

t e elec t ron · i c r oscope nicture or d ffr ction di _ r am for kaol­

i n ite h e ted from room temper r:tt 1re to 500°C. Diffuse h ,, l os 

ann ear in t e X- ray diffractJon p t erns and re~ in unc an ed 

up to 800°C. in sharpne s s Pn d posit on , but incre~se in intensity 

witl-J risin te"nperet re. A11 of t he kaol1.n1te lines 1n the X-ray 

di DgrR dis, npear s t a o 1t 9oooc. · nd m1lli te is c etected ahove 
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110 oc. t<.ceo 1P."l' tr> :r"'Tsl p (4 . , er1at b 11 e !n~ a nl s o 

b ed.n t o Til ke . hP-tl" a-pns ranee t t h!s tEr.!1pf!"Pillt re. 

So~e fnct~rs nf1uene1n~ th e a z e nd 'Jo s1 t i on f t h e 

exot "r> ermic pe~k f r,r ka,11n1t e n.~e tr i ven s a f cl loYs t 

•· (1 ) .lmo ~nt !')f kao11n! te ~f!HH.,nt 1.n sq'M'!ile. 

(2 ) Part., e le s 1·ze. Sitm.., l tnne rm sl v f1 oeeul tod s11 1cn .nd 

( 3 ) 

1"ere (4 3 ) l) pve s.hown t bat keol!.ni t e enee,~ens 1""eeY"re.tel l 1a-

1ng t.h r ,... .. gh the 9500-100000. ·'Pan:;:e a 1.v• l a:rae e othe~1o 

·neak e and t h. c- t epec1mena showtn~ poor ervst-#91 1 ~ s t ,n,. 
by X-,.,.,Y m.ethnds, r.:!ve P small e~ot~ Mt1e ef'!k. i-,rede!-1ek-

c r.u s e of t'1~ -,..e-c!"'!rata111aPt1 on proceae snd anytl11ng an"ect--

1n..cs t h e r n t e or crys tal11ent!nn also affects t h e e~othel'm!o 

fou nd t h . t t be r' ~ · t t on ~ At • . ~x; oP ·!f1r4.-1ncre aed the 

magnitude or t h e e"Yot 'het"n11C pe ek 'While Ca• !.1«1 lfo• K• Fe, 
. ~ ~ · -

and ~lke.ltne e-art.h s d.ect-eAt;ed 1t. They point nut that 

the ovothel"!d.c reaction ot some clsya c an be affected to 

such an e-x:ttlnt t h r. t ! t the clav b~havea as an H- or N'H4-

clq:,r, the 1nfleet!on or the thermal cu"e does not !11!PlY 

nece sss r 1.1·-v t h e ev1 stence of' kn.ol1nt te. 

(5) R~t e of hea t!.ng. 

All m~rnhers or t h e ks.lol•nt t .e trrou~ are ch r> rae te'l'"'t s ed 

by a sh~rp exot~~r~1e peak ~ t about 090°C~ Vn~1at1on 1n the 

temperatur e at which the endot hel'!!lic neak oecur s 1 s c1a11!led to 

d! st1np:u!ah corte t n of th e 1nd1vl dnal «rmrn member et.. Thu s the 

d!.ek 1.te pe~k r. t 6~5°C. (27) .• a.nd the na.e .... ite n e r.;k .above 6~5oc. 

(27) would d '!f'f er-ent1 a t e t h · s e m1ner!!.l s from kaolinite pe 'ks• 

(E·OOo~625oc.) ( ::~? }, and he. l o H' "' e p e @ka (555 __ 5_6soc.) , (27) 



ana :t.te f rO!!.l kao11n!te on the b e.si s· of th~MRl ennl :ye!s alone 

0 ' 2cO + 400 \:co. &no. 1c:oc 

1 E /v\ P :. R A 1 . R. E. °C 

... , t 
l 

~ 

! 

! 
il 
I 

l 
I 
l . 
i 

i 

P6 20 ' 

is f t')11o'tted by e.n ~""<"ct~ Prmtc ch !:!n;le. 

Th.e first pe~k t P- b , ut lOOGc. pe--n 'r'fH~en t e. t hl! 1 ~s s or 

me-e~('>n1ca11y h eld w te:r . The seo">n l)C · k ~t about '7'00°C. 'P®t-e­

sents n o· l"t ' n 1 l:rr:-ef'lkd!nm or the l P. " t t e e stl"\Jetnr~ ,_h !ch is 

nresumed to be Cn·'!!pl etely estra~ye(!. !n th1 S e se ~t a'ttmit 850GC• 

The f' !nal exot ,errn1e peak 1.s ob seJ-ve~ t o oe .., , !'" .et 10tm 0 c. 



th e .. - c • d e.J t htrd 

The final exoth Prm1.e pePk a c e rd1ns:r t o G i m 1 s de endent unon 

the :'ron con tPnt . 1. e. • t h e lo P'I' the i r on e rmt nt . the h 1 n:her 

fre e TA"':'a s m ntl"'!nr111on"' t dJ')9 A not sht'w t h 111! ak unti l 10f0°~"' . 

no t heen st'ud _, ~d ! n a ll! r~"t det . 11 a s t s Vt')n ~~ ble in th e c nse 

of t 8se ~ner ( l s. 

sam l a ne sh wn elow in Figure 21 d epi c +- s the t "- ermnl · i.sll!oci-

a t1on of ~ is m ter al. 
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11l1t. E~ '!:r, ~ ver1etv of curve .ntte'M'ls ts t o be expected. 

Both t h e 1111.te and montrn · r1. 11c:m~te !le'1'1n~. P S flt!J Ve much 

·eee.lrer tr. ~l"!'TH11 res ;onses t han the kaol tni te. The a~lff! ed 

curve f' r e cr-.mnended for- nn '!.ntene!ve study of' the non-lraol1n1te 

defined t . .., be C(l-:>toered w1 th the work or other 1.nvest1. ~nt(')rs. 

~onstd ~~ n~ ~~ t hot. the ! 111tes and montm~r~ 1 ~n!te~ 1nclune 

effects may 'be expected, end nndeJ- some c1rcumstaneea the the~ 

mal m"th od al,ne W""n1d not pNrrlde a method or d1et!nct1on be-

the rono~m_,ed d1.f~erenees b!'trught ~ut by t'he thAt'r.'tal me thod 

between t h e ka.o11n1te and t l)e other elay m1.nerA1e ~cu'Os • and 

of eve.lua t 1n o; the '!fe.o11n ty-oe cl Fys. 

Thermal Analysis or 0theP Mineral a:. 

.'Ua-rtz: ~st.tmat t on or au"rtz ' ·s b.gsed on tl-;e '!!~asure~en't: 

or t h e enerFtV chnn~e 'Wh1cb aeeo!l!fl~n!ea t~e al 'Ohe tl") beta tmre,.._ 

fJ!on at 5740C. Th1~ chqn~e ttt f!tllell (2 . 5 ~!';,lorles n el- ~m (46 )) 

end unr r;r the 'best. te et oond,_ t! ~ne the t~P!'l"tth t-e ~hange !a 114. 

the order- ot (.'ftl"'T ~o-c . ff'"Jr a l!!a'I!Pl e e ,.,ne:T. et1nPi ent1 rely or tr' Htt-tJS. 

Fol" t~0 e~t,TI\r-' t ~ nn o~ 01' , rtte 1 t J. 8 tl'te-r-ef"nt-e neeessp!"V to ~ 

p l oy e. ·~ere sens1 t1ve t eeh n i m'e thr>-n ueed 'tn. the other dete?I!I!D-

fol"e Ct'\mtected to a Bt-o>m n o tent om~tcro . and t~e d Y f.fe~~nt ! ~1 

against ~1e turnace tempe~ture Whic~ wa e au~omatleally reeorded; 



in other r e s ec t s t he 9Pp~ra.tus u sed 1 s the $ante as descr,.bed 

previously . 

A t hermnl eurve wtt s !'T"ena'red f or e. se...'M'le o'f ou~rt¥.1 te 

(Rlaek Re ef) e ontf:! ini ng 9~ .5~ S102 and ' -s shown bel ow. in P,_g-

ure (2~/ 

It will be seen th~ t t h e ma ' or t empere. ture.: er-reot 1s 

eont1ned within a narrow ran~e of t~p era~1re• the ~eak occurr­

ing Just !!'lbout at 5?4oc., the accep te~d tem:perg,ture at wh1eh the 

alpha t o be ta inve rsi on oeeura. The a :n unt ot "base line drtrt• 

is l ,q r g e becau s e ot t h e pronounced increa s e of t h e speei . .f1c heat 

of au e.rtz with t h e r 1.. se 1n temperature. 

'Receuee of t h.e Tery- Sl'l".all t h erm·al r esponse of qu rtz 

oeeurr1.np.: ln a temper atur e ran~e where t ~ probounced endoth e'!'­

m1c effects of k~ol !ntte t ~ke Pl '-!e e . ! .t 1s understandable that 

t h e pre s enc e of t h is :nfnera l ia not detectable 1n the presenc·e 

of kaolinite o:r any oth er m1n~~sl ~1v' nF a l ~r~e t armal r eac­

tion R!'C ld 5'74oc. In order to e" .'T11.ne t he thermal ef.fec ts or 

tr!.dym:i te a nd e r 1 stob .,11 te., a t h e MTat eurve wss preoared on a 

·s·em le of a111crt f irehrt ek c "n ta1n1np: 96( .s11 t ea. and si:'l own by 

X-r~-, e--r!',.,~n~ti on to C ~"~n t ! n th c:> se '111n er n1 s with snme ou rt7.. 

? 
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The curve produced i n accor>dance wi. th t h e modified method just 

described is shown in Fi~n·e 24. The smal l n eg.k at 158°0,., 11 

taken to represent the tridymi te inversiont the n.eak a t 250°0. • 

·. 0 the crfstobal1te inversion; and the sharp p~ak at o·r near 5'74 c ••. 

the alpha-beta inversion of quErtz. All these chan.(!es take place 

very ne~r the aecepted temperatures., The very small the!"Mal 

effects of tr!~:~rnr:l te and cr istobali te wo't1ld m~ke them e"Xtremely 

difficult to detect in the presence of other minerals with 

gre1;lter res-qonses. 

Diaspore: A mineral specimen from the Po.-.•burg d.:t s­

trict, determined optic ally by Nel (1'7) as d1asnore, was ki~ly 

contribu ted by the Union Geological Strrvey. This specimen was 

sub j e'eted to d1.fferent1.al thermal analysis w1 th a specime!l ot 

c ommercial d1as-o ore used f or refractory purposes, from M1sapnri, 

sUpnl:ted by R.E. Grim. Thermal cu rves for these specimens are 

shown in Figure 24. Typical chemical analyses of the dia.·epore 

samples are given in Table VIII. 



........ • 
Table VIII 

Chemical Composition of Diaspore Sa mples 

Location Moisture Ignition Si02 Al2o3 Ti02 Fe203 FeO CaO MgO Ua20 K20 cr2o3 Tota l s 
loss 

Postmasburg, 0.2 14.9 1.0 82.80 0.3 0 .• 15 0 .• 35 nd nd nd nd 0.4 100·.10 
c_.P. !J 

(Doorntontein. 
No. M82) 

Swiss. MissouriE/ nd 13.10 10.97 68.45 4.29 1.70 nd 0 .• 33 0.07 0. 69 1.10 nd 100 .72 

' CD 
(.11 

11 Chemical analysis after Nel (17). 
I 

y Chemical analysis after Grim and others (37). 
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P1., re .4 • of t e ' '.t eem r1 en'!!m e.. oth show a ett- mr endothep.. 

m!c r~u:u:tton between 500°C. and ·600°e •• e·or~eel · nd.!.ng to the 

lose ot stl•ne t urally held \-Jater., (0 )• f~, t h e elf snore. No 

., 
etrects . t t _e free a nrtz lmf)wn to be ... l'eeent f.n t he 1esourt 

em:dpment. 

Dolrndtet· Se!tmles ot d ol«:m1 t .e t't-m~ ch!t'JOS1ts ln t'be 

Tl-an tr'1ail1 one! Sout he:m lthodel!l:fa we e analTSed: b y the d!:ftMtent!a1l 

t h errn.al "'tethoo and t'he tml"'!rea are g!ven i .ft. P!gure 25• 



. ' ; .. 

-87-

Curve A, Figure 25, for the Transvas.l s mple, is representative 

of the dolomite limestone s occurring in the Dolomite Series. 

The t h ermal effect sh own by t his m terial is c nns1atent with 

the d "uble endoth ermic a t t ern obtained for dolom1te by Kerr 

and Kulp (49), and Cuthbert and Rowland (50). ~e predominance 

of dolomite is conf i rmed b y X-ray examina tion. 

Curve B, Figu re 25 , for the specimen of dolomite from 

S uthern Rh odes a, ·sh o1 ed a well defined third endothermic eak 

at about 65ooc., i n ada: t! on to t e u supl double endothermic 

peaks indicative of dolomi te . Thi s peak is attribu ted to mag­

nesite and t h e occurrence of thi-s mineral was proved by X-ray 

examina tion by ~a s s erstein • 

. agnesite: >1agnes1te 3amnles from comm rci al sources 

in the Transvaal and S0uthern Rhodesia ~ave t h ermP. l curves 

shown in Figure 26. Curve A, : Fi~nre 26, of Rhodesie.n masmesi te, 

shows evidence of the admixture of a ~11 amount of dolomite 

as indicated by the endothermic doublet around 870°0. X-ray 

analvsis by Wasserstein su . orts t h is conclusion. Curve B,. 

Figure 26, was obtain ed for t h e C l~stalline variety of Rhode3-

ian magnesite used fo!' refractories '1tanufact Jre. ,., thermal 

pat t ern indicat es t,1e predominance of · t h e magnesite m nerals 

and t h :!s \Vas confirmed by 'a3serstein 's X-ray analysis. 

Thermal rea lts in Curve C, Figure 26, for the Trans-

vaal sample, sh ow the magnesite miner 1 but do not "indicate the 

occurrence of quart z w ich is ahwon to be present by ! asser­

stei n in ~-r y ex~ in~ t t on. 

Thermal Anabrsis of Refractory Clays: Determ1n tion of the 

c ay mineral s (tn n 8t vrally occ, r r ng el v s) by d ifferenti al 

the~nal e thnd s i s m e d i ff i c lt beca se of t h e ossible re-

sence 0 f more t Pn rme cl y m-t neral . to et' er wi th c . l:>on tes, 

hydro :tdes, and or . nic t er lals w t ch undergo t hermal re c-

l t 1 n s. Fluxes a d o ther _i ner ls ~ y eau ~ e the the~al r e cti ons 

of t h e c lay '11iner l s t o nee r qt lo "' er temn r t s or ma 
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0 200 .40o 

Curve r , Fi rrnre 2? , 1 1 t n· cnl of t c kR-.1 "i ~ t1. c nat-

(4?) . 

c v, a s; '• o .. s a --'">o'. .. ".., 1 -t n t e c is in '1CC01'd-

a cc ··· t. 

' ef!tcott {47) . 
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Table IX. 

Chemical Anal y ses of Reference Clays f r m r. i s so1. r1 

Clay I 

Ig . l oss 1 3 .58 
S10 45.0~ ?. 
Alno3 38.58 

~8a3 
2.,4'7 
0.51 

Ca. 0.17 
MgO o •. os 
Na20 0.21 
K2 0 o .. os 

TOTAL 100.75 

Clay 1--Mi s sour i f lint cl aY* 
Cl ay 2--i·: i ssm rl semi-f1int clay-:HI' 
Clay 3--! issouri pl ~ stic clay* 

2 

~ ~ 50 
'50 .. 80 
36.28 
nil 
2.17 
0.36 
0.36 

( 
(0.60 

100 ,07 

3 

l:· g ~ 03 
56.09 
28 .34 
1.95 
2.29 
0.35 
0.50 
0.28 
1.79 

100 .62 

* Analy s es sup l i ed by R. E. Grim, I ll i noi s Geolo a:i cnl Survey. 

**Analy ses sup l i ed by R. S. Bradley, A.P. Gr een Firebri ck Co., 
Mexi co, Mi ssouri. 

South Afric an Rt=!frpc tory Cl e. .. ~u Qua.l i t ati ve th rmal 

analys es of the five selected clay s wer e m de t oget her wi th oth er 

spec imens illustratin~ the behaviour of v l"ie t.i r; s of t he se t 'Y'Pe s. 

The chemi cal analyses of t h es e cl ys are gi ven i n Table XI I I,. 

and t ey a r e f urthe r cescr bed i n the aecomn nyin~ d i scu s s i ons. 

Th e c mplex natur e of some of t e South fri c Pn r efrac-

t ory cl n:vs t ested nd t ~ e presenc e in s ome c .se s of c n s i dera.ble 

or . . ni c m t ter, mak e t t extr emely difficu l t t o anpl y an:v sinQ;le 

method f or t 1 e i t· i dent i f ca t i n ; h · 'J! ever, t h e dtfferent ial t h er-

mal an lysis of t he s e S ~'m· l e s di d yi eld. mu ch u sef 1 1 i nf n!"11at ion 

nd of fers P simnle, a i ck , and in xpensiv e me ~=tns for t heir gen-

er al cl R. s s · r cPtion 1r. 'h .. ch c0ul b~ used t o ac'! v l'mtRge a s a me t h od 

of c ontr ol in r esp ect · . 2.: nnd mining . 

Thermal curve s ( s .o '-m i n Figure 28) c onf i rmed t he pre- · 
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d 1n ·~nce of the k ::1 l ! n ite r m vnd s f! !:"est , !-1 nl1ni t e a s t 'l1 e 

n r nc ip r l miner al res ent in the t- t:~ fr etory clay. b11t t h e ac-· 

· ecxpany1.n!1; a r-rtz s o well def.~ ned. by X-ra.y pat terns wa e not de-

t e;terl by th ::: se m "' - ... 0ua.rtz is mown to pr oduc e > ver;r '""eak 

' i n vt ew of' t he small ·~ 

a:1ount preC!~mt s be-yond the sen si t1v1 t y of ·t h is eou1nmt?nt. 

~snec 1. a11v sin c e t hi s t~ ny ~ffeet oc cu.r e 9.t s.bot t the same tem-

· era t,, re r-an~e ~" s t he stron~ endothermic re ct ! ou of the k 9.ol1n-

1 te. ( See Fir::ure 19.) The pr onounced endotherm.ie. re c t 1 nne 

shown 1n th e ourves c. E., F , nnd J, Figure 28 , t aking n l a.c e 

b etween 2oooc. and 45ooc., nre ek e t o org~nie mptt .. r. The s1g­

n1f1ca.nce of a second l f.I T".C:e e-,rothermie· reneti ('ln i mmedia t ely ar­
ter t he m(.' j or endotheM!1.o r e c t1 on, wh1 eh 1 s n ot ed 1 n curves C 

an d J, F1 c>u re 2 ·~ , is n e t def1n1 t e l y exnl i.n ed although it ml p:ht 

o~s .'3 1 ly .e t .e re sui t of t e tl!' fHH~ne e or eome ora"\n'-c ,.., ~ tter 

having a r e l nt vely ~1.gh eomhu s t1on ten.n erA t ure. Gr im-t· , s fter 

e-aminl n.g; the s e pe.rt!cn l .J' specimens by ·thermal &n a 1 v s :t s (see 

Figure 1~ ), s,1g~ests ths. t t h is s e cond exothe'!"Mic effect may be 

due to siderite Ot' org;s:~ni e Yl19t.t:er; h owever , t h e n r esenee of 

s!c er! t e c onl d not be c onf 1 rm d b y . ! -r-ay or ehP- l c a. l ana 1 ys1s 

by t he ·.:n"i t r. 

The i n +- en s t t y of t h e e xot hermi c r eaction a round 980°C•,• 

exh:tbl ted by the ka0l lnt t e tYne mtner R1s 1• · known to ~e Ft n 1n-, 

dieat ~ on of t he am,.,unt of t1l ,,m:tna n r e s ent in t he cla:v. ,::~ l t "hougb 

e.ec:'lrd !.ng to ' , bl,_ehec1 1nf't'irm. ~ t i ont strl~t pl'opor.t~ r,-nell ty does 

not nn,~ ly . The hel ~ t of tl' :t s neak nmv- b e u sed a s a eri teri on 

bonac em e cl ,-y s, t he orgn n 1c m~tter c o ld be destr-~yer1 by orlda-

h a ve n"-t b e en st,,cu P.d 't n d e t n. lJ. insof~r a ~ t h e-y eff ect the 

c !ff er ent -t r' I thfl rme.l E-1 ·1~ lys l s •. 

*R. E. Grim, Il l inois Geolog i c Al ~urvey, Per sonal Communic Ation 
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_, l a y I: C· -r>Ve A, F1 rP 2 , f ~"~ r "' l !=J "f r, i t hat of 

a r i ch kao1lnlte t vp e c lay . 

Clay II: Tll e rrnP. l r eS1lt s on Cl av II, rr iven i n cur v e B, 

F'l gnre 2 g , indlcate free or g " n i c mot ter (c 6.rbon ) ixed wlth a 

1 aoli.n:tt e t vn e . clay. 

Cl ay III: Curve C, Fi gure 2 g , for Clay III ,· sho s a 

good k aol inite DAttern . 

Cl a v IV: Cnrve D, F~ m1re 2Q , oh +R ined on Clav IV, sh o 'Y s 

a 1 aol ini te t vne pattern., wtth or~~nic ma tt er, .t0gether wi th a 

au 1=1nti ty of Pnotl-Jer clPy ~tnP.ral which nr0d11 c r->d no well c'l ef t ned 

t herm.a l F.l ttern but su~p re s s ed the t vn tc.,l kqol ini te exother>m.ic 

d i ffr Pcti r:m method i s more s en s ~ ti.ve tn s"11all a_monnts of the mnn t-

"11 ')!'1 l lon i te t l-J Rn t h Pr '7113 l Pn a lysi s and t'h t non e of t h e s e mine r ls 

we -r> e evi d ent in t~ e d i ffra ction p Ptt ern h e oht~ ined f or t h is 

s e c 1'1len . 

is r ohably illite . 

Clav V: Curve E , F l p:nre 2 '=! , f or ClRv V, sh0'VS t h e effect 

nf cm r' rtz p r e s en t. 

The end ot ermi c ch '"'n g e s oc cu rr ·! n g 1n t he low te"l e,. ~ ture 

r fm P.: e below 250°C., of t ,_, e cut'ves oht ... inPd for the f l i nt 1=1 nd 

semi -flint clR;:r s, are nnt s1 ffi ciently well def ·i ned t0 c 1 ~Zno se 

tlte nre s en ce of other m-iner 1 f.;t'f")11"0 S rmd X-ray oatP. do not s1 m...., ort 

-~B.F. Carl, Physl c i s t , u. s . B,1reau nf ~n:tne s , 
Persona l Comnru.ni.c Ptt or. . 
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clays. These endoth•31"mi c r e '= cti(')ns ~re mo~t pro'tHtbly d'tle . to 

the nre sence of mechan1 ~ ally held WF~ ter ~tnce the technir"U~ used 

did not i nclud e nre-d~ing the so111.pl e s. T'he use or d i fferential 

thermr l an 21_ysi s fl)r cU st:tngu1sb1ng the type8 of pl~_ stic clays 
~ 

is well lllustrPted b y curves D P.nd K, R.nd t hi e mBt'l-)od con1d be 

adonted. for c ontrol work. (51, 52) 

Summary and Conclus ion s of Thermal Analysis 

1. Different i al therm.al an alysts of t h e f t nt a.nd s e"'l1-:f11.nt 

tyr;e s of S(')uth J~ fri c n fire•cl~lY tf!stM gave chara.cteristic 

thermal ntterns of the k aolinite grnup tvne, t he only 

2. "Owing to t h e corrmlex n~.tnre or some nf th~ ple stic clays 

tested, as shown in curve D, Figure 2R, d:f.fferent!al ther-

mal analysis alone · 1s not suff1 c:tent to identify co:m:nletely 

the constit1 ents; however., this meth "d wns helpf'nl in 

the:tr n:en~rfll cl as s ~ ficat,_on an:<" could be used a8 a control 

nr ocedur e . The D1P.s t't c clays e.re eo"!'!'tnosen of the k aolin! te 

,c:r.roup '11~ ner~1s and '~. n some cn.,es, AS shnwn in curve K, 

FimJre 28, or~Pni e mf!tte r end possibly tll:ttes are present. 

3. Lprp:e e.mnunts of qn~rtz o~curring in the s:tl:tcioue ref ne-

t ory she.l Ps tended to s·tmpress +;he thermal cu rve n r.~ ttern 

~nd mpke identtf i c~ti on d1~f1~ult. 

· 4. Di f'tterenttal t h ermal anal"'sie· eonf:tMts th~t thermal yae "' c-

tl nns extrr>e·ssecl by qu~ rtz ar e v ery feeble cnrr.p~red to the 

large ther-rtn. l cha.n,:te a cco'7lpanying the d1.ssoe1ation of 

1raolin1 te and t he nre s enc e o~ t h is m1nerel is not detect~ble 

in the res~nce of 1 n.rge amount s of ke.olinite grnup minenls. 

5. The di a sp ore BAmnle from Postma sburg gave a curve in close 

a~eement w1. th the t of the M., sso1 r1 s a.m,.,le• although the 

--
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l atte r c ontrd.n s a ccessorial ouart z whi ch doe s not vi s ilJly 

inf .uence th e tlH=' r"'l ~ .l f'l tte rn . 

6 . The d '"1 lomite and map:ne -Tte SP111nl e s e1\Al11ined gA v e ch r-ac t Pr ­

t st:t c curv e s f or t hese miner~ls . The occ rrenc e of s>n 11 

a-rnou ts 0f ('11 nr t z detec t el~ in t he S[ll'l'lDle of Transvaal m p:­

nes1 te hy X- r ay e~~rnt -rw t1 "'n wa s not sh.0wn ln the th~rma.l 

::mal ,rsi s. 

7. The '~ Ossi.b111 ty th!lt S' all a rn'"'un t s of other >n5nera l s in .,11 

of the 1!1f-'ter1.als exal'l11n e c1 hnve esc ~n ed detec ttrm bv the 

differenti~l t e~1al anal~s i s i s recognlser. . 

R. Diffe re ., t;i_!1l thPr-rnal an ,:, lvsi s annlied t o the f ire-clay wa s 

u sef1.1 1 in c rmf irming t l1 e presenc e of t he 1n-1 nl·i n i te grrmn , 

alt~')l rrh :tt :ts 0f l Ass e r v~lue f or the !dent:tficati0n of 

t h e , _ontmorll 1 nYJ. t te and il11 te pr0un s i n the nresence of 

1 a0lini te · inero s . 

9 . The nres en c e 0f 0r.R:~ n:t c m t ter dta not o s c1 r e t~e r 0ltnit-e 

~r f)1 1 n 1) ,"1ttern ~ n the f ·· re- clays t ested . 

10 . Dtfferent:tal th er 'Tir l nnA1vs ts -Ts P relativelv s11"1ple , inex­

pens i ve, anc1 ra.n-td meth0d of mlne,..~l determination anC!. hen 

nr onerly sunpl em"!nted b v on t1cf11 ~nd X- rav 1lnalvs:ts it fre­

ouentbr yl elc'ls 1.nterpretPtirm s nf identi t y not anpPrent 

f r om the oth er rrte t ho s of exBm1nR ti rm . 



· X•:Ra:y Exam;tnatlon 

" ·General Statement 

X-!'AY d:tffrac·t :ton s tud:tes ere pert i c1Jl Prlv valuable a.s .. ... . •. . 

a mePns of identificat~ on of t h e m~n~~Pl s nre sent tn cl ~y s, es-

pACtP lly s lnce t he -. . ~ rti.cle si_ze of t p ese '11iherals is, in generaTI., 

too snt8 ll tp . ermt ~ c oJTipl .ete 1dent1f1c.a t:t_an ·by pe trog ra hi e 

. ' . 
me t h d .s. Resul ts obtained,. by X-ray -p rocedu.r e s a re ,tz:enera lly 

ess 8 f~ e c+ ed by m1_n.or var:tet.fes t han ~ther 1'!\ethods ; . since they 

are directly 'dep~nden t un on ?. tom~ o strnct:y re. . ' 
The "<-rP-:r ,nowder rne t 1 od 1_s imnort.ant f ·or id~ntlf~ c . t:!on 

. U:rn o ses. I t . consis ts of subje'c~ing a _smail am0unt f powdered 

' 
crys.t~ls, wh " ch g 1vt" t h e des~:, .. ed randr::m o~·ten:tp t1. np,, to a narrow 

beam of m•)rio-c roma t ·i ~. · X.:.r f\ys. .D:tffrs.ct! on of the . X'-rays takes 

pla:ce :tn 
. . ,·' -· t . . . ... '· / 

t!cordanc e w;t th . Br .a gg . s Eau!l:t.:tont . 

nL· = 2 :d . s.,inQ 

. w1 ere i 

I) ·emJals wav~. leng th of X-rays· used 
~.. ., . -

. d ecwal s d~. stan c e .between .atomic 'plt!nes (latt-ice spacing) 

• Q eaual s diffr~ cti~n angl~. . _.:. 

· The dtffra:c ted : X-r'3~s are · re~orded · ori :a ·nhot~ograph:tc film and 
·_ ~.. ' ~ .• ... : •• ' . . .. ' ·- . ' . • . '* ' ~ ~ 

Si.;.;.Ce J; 8 . Sp a~ t~p:S 8r{d i nten s ; ti PS . Of' .· the .. 1ines ·are dep(mclent'. On 
.-. . . 

atomi c strucb1!"e ·and.~ oom·nosi t iqn, the · resultant pattern '~')hoto-

graphed gives absr.th te ident.i fi.c a, t1on 'since· no two ' m?t.'ert~l s ·> 
~ . {. .... - . - -"" 

give. i.denti cal patterns. I d enti f1,cat i.on is a eeomn1 t shed by "tle~- · 

s11r.lng · t 1e ·. u .~s ~ tion . ~nd r~l; t lv.e. t ntl:m.St.ties _of t h e '1'1ore imn·ort--
-.. -. 

~ - - ~ .. - /' ' -

coincident • 11 d ~1 Value-s ls smal l pnd tbe ·met!'lod W0rks 1ill::e 8. flnger-- . .. -
-. . ;-~ . - - . :. 

PTiilt f i-l·e~ so -th fl t · ~ny ·ma t e~lal . J:tst~_d , 1a· ran1d1'-)r 1~ent1f1ed: (5:3). 
. -- , -. - , - . . 





Table X 

X-ray Powd er Dat a f or Some Kaolinites (Spectromete r Method) 
With Some Possible 'Juartz Reflection Interferences 

bserved calculated Observed 
"d" values "d" value s*\. Intensity 

7.15 
4 . 35 
4 .17 
3.566 

2 . 553 

2 .486 

2. 331 
2.284 

1.98 5 

1.778 

1. 659 

1, 616 

1,539 

1.486 

1.449 

7.1 32 
4,361 
4.164 
3.566 

(2.561 
(2.558 
(2.543 

. ( 2 •. 4 ?. 5 
(2.485 

2.336 
2.284 

(1.990 
( 1.985 

1.783 

(1.663 
(1.659 
1.614 

( 1.539 
( 1 .• 534 

(1.487 
{1.484 
(1.463 
( 1.455 to 
{1.439 

vvs 
m 
m 
vvs 

ms 

s 

vs 
s 

ms 

m 

s 

ms 

m 

vs 

wm 

A 
"d" value 

7.09 
4.43 
4.15 
3.54 

2 .,55( 

2.4ga 

2.329 
2,290 

1.990 

1.785 

1-.664 

1.627 

1.540 

1.491 

1.458 

B 
"d" value 

7.14 
4.35 
4.16 
3,.56 

2.56 

2.500 

2.340 
2.294 

1.99 5 

1.791 

1. 663 

1,614 

1.539 

1.487 

1.453 

c 
"d" value 

7.13 
4.36 
4.17 
3.55 

2.550 

2.500 

2.380 
2.,290 

1.995 

1.790 

1.665 

1.820 

1.540 

1.490 

1.455 

D 
"d" va lue 

7,14 
4.34 
4.18 
3.57 

2.560 

2.500 

2.340 
2.295 

1.990 

1.790 

1.670 

1.629 

1.535 

1.490 

1.450 

E 
"d" va lue 

7.12 
4.36 
4.19 
3.56 

2.54 8 

2.485 

2.34 
2.290 

1.980 

1.78 5 

1. 670 

1.830 

1.530 

1.488 

1.451 

.l'..uartz 
"d" value 

4.22 

3.34 

2.45 

2.275 

1.974 

1.813 

1.667 

1.536 

1.448 

0%----------------Inoreasing Percent age of ~uartz-·-----------------------------100 
{according to H. F . Carl. u.s . Bureau of Mines) 

~ Brindle y and Robin s on , "The St r uc t ure o f Kaolin i t e "; Mine ra l Mag ., Vol . XXVII , p . 242, 1946 . 

I 
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-..J 
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Kez to Table x. 
A-clay IV (analysis see Tahle XIll) 
B-elay I " " .. .. 
c--clay rr: " ... " .. 
n--clay rn " " • " E--clay V " " " " 



recorder chart, whir.h V'JP S t h en svnchronized 1th t h e motor 

c ri"fJ"en sp ectrorneter Pr111 . Th e sc nnn1.n g a.I""'l. wa s driven at 1 r.p.m. 

and t h e r e cor-der clJ.a rt at 20 inches ner hnur. I .Ptt i ce snac1ngs 

( "d" v~=~ lues) were calculated :from the Bragg Eoua tion us in~ Q 

values obta ined by observing the po~d tion of the peaks recorded 

nn t he chart i n rela t i on to division llnes renresenting d i ffrac-

tion angl e s. Tl!e "d 11 value s and t'!-)e p r i ncipal reflecti ons g iven 

by t'!-) e selected cl ays are sho·:-n in Table X. , The results are 

a.rri ng ed in a scending order of quartz content in accordance with 

estim.~ tes made on t h e s e p~rti c11l ~ r sa'11n1 e s by CA-rl who has 

devel oped a sn ecia.l X-ray t e chnioue for su ch analyses. (23) 

The se es t'tmates ere as f0J 1 owe: 

l).nartz Contents of Selected Clays 
(after Carl*) 

Clay 

·I 
II 

III 
IV 
v 

0t1a.rtz 

The d a t a p.:i ven for k aol:tnite and other clay mi n erals 

in t ll e HRna::rn. l t T!:~bles and nth er m:tblicati rms ve_ries consider-

Pb1 :v. It wa s decided to take the recent data ~lven by Brindley 

and Rob i nson (55) as a stP.ndard for comparison becAuse of the 

detailed n~=; tnre of the~r stu d i es. The "d" values for ouartz 

are (.!lao incl uded. 

Photo~anh.lc Meth od: X-ray n owder nhotn~ranhs •rere made by 

Dr. B. Wa sserstein of the selected ol a"V s to ether wlth a sample 

of M:ts~our:i f1Jnt cJ ay sunT~ lied by Grim r~nd known to contain 

kao1:tnt t e as the nrtncipal ml neral. A Pick er X-ray u nit \Vas 

used on 1Nhtch wa s l11 0lmted a Debye-Scherer ca.""'lera 114 mm in d:ia-

meter. such as described by Bu.er~er (56). La ttice s-nacing s 

( "d" values) were determlned i n colla.borat:lon w:t th W~ sserste:in 

* H.F. Carl. Physicist, u.s. Bureau or ,anes, 
Personal CommunicAt i on 
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9 Table XI 
. 

X-Ray Powder Dat a f or Some Ka olinite s (Photographic Method) 
With Some Possible 1uartz Refle ct i on I n t e rfe r ences 

Observed Calculated Observed A B c D E F t.ua rtz 
"d" Value *- "4" Valuea Intensity*- "d" Va lue nd" Value " d" Va lue ''d" Va lue "d" Va lue "d" Va lue "d" Va l ue 

7.15 7.132 vvs 7.12 7.14 7.13 7.12 7.13 7.10 
4.35 4.3 61 m 4.37 4.38 4.36 4.35 4 .34 {4.23} 4.22 
4.17 4.164 m 4 .15 4.16 4 .17 4.14 4 .16 nd 
3.566 3.566 vvs 3.560 3 .• 552 3.560 3.54 3 3.535 3.521 3.34 

2.,553 
~2.561 
2.558 ras 2 .551 2.551 2., 548 2.54 7 2 .542 2.533 

(2.543 

2.486 ~2.49~ 
2~48 s 2.490 2.492 2,488 2 .• 478 2.478 (2.439) 2,. 45 

2.331 2,336 vs 2,329 2.33P 2.332 2,328 2 , 333 2.341 
2 .284 2 •. 284 s 2. 285 2 .. 285 2.280 2.275 2.276 2.273 2. 275 I 

1-1 

( 1.990 
0 

1.985 ms 1.977 1.982 1.981 1.977 1.9?7 1.970 1.9 74 0 

( 1.985 I 

1.778 1.783 m 1.783 1.779 1.782 1.782 1.778 ( 1. 8 08) 1 .• 813 

1.659 
(1.663 s 1.651 1 .. 654 1.655 1. 653 1. 656 (1. 661) 1. 667 (1.659 

1.616 1.614 ms 1.612 1.614 1.613 1. 814 1.612 nd 

1.539 t±:gsi m 1.539 1.536 1.536 1..537 nd 1.535 1 .• 53 6 

(1.487 
1.,486 {1 .• 484 vs 1.484 1.484 1.484 1 .• 483 1.482 1.482 

(1.483 

(1.455 
1.449 ( to wm 1.448 1. 450 1 .• 447 1.451 1.447 1.445 U 48 

( l . 43g: 
0~----------------Increasing Percent age of Q,uartz--.. ·-------------------------------lOv·lc 



Observed Ca l cul ated Observed A 
"d" Val ueii "d" Value» Intensi tya "d" Va lue 

1 . 335 1 . 338 m 1•334 

1 . 302 ~ 1 . 305 
1.300 ms 1.302 

1. 280 1.280 m 1 ... 281 

Table XI (cont• d . ) 

· B c D 
"d" Va lue "d" Va l ue "d" Va lue 

1.336 1 . 338 1.338 

1 .• 303 1. 302 1. 304 

1 . 281 1 . 2'19 1 . 282 

E 
"d" Value 

1. 338 

1.304 

1. 282 

F 
"d" Va lue 

1. 337 

nd 

1.281 

1uartz 
"d" Value 

1. 283 

0%---- --------------Increasing Percent age of ~uartz----~---------- --------------------100 
(according to H.F. Carl, u.s . Bure au of Mi nes) 

ii Brindley and Robinson , "The St ructure of Kaolini t e " ; Mi nera l Mag . Vol . XXVII , p . 242 , 1946. 
( ) • quartz line~? 

Key t o Ta b1e XI 

A ... ... r.a ssouri f l int olay (ana ly.sis see Tabl e I X) 
B -- Clay IV (analys i s see Ta t 1e XIII ) 
C -- Clay I " " " " D -- Cl ay IT " " .. " 
E -- Cl ay I II " " " " F ~- Clay V " " " " 

~ 

t 
b ....., 
t 
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th · . 1ndley and Robin-

A nrint ot an X-NY t'tl'll t">bt;P ~n-e~ w!. th one of the 

s eleote elava 1e ~!Yen 1n PlAte 111 to ill nst,.;l)' te the ·oh to­

graDh!o '!'!! thod Of 'PSC~1n~ t-~tro1 ta. 

c!A:l eml~"e in t he 'Pmn~ . a1 •f'!s very kindly ~1pp1.! ed by the 

N ti on 1 CfJ&"!-': al . . ~b t-a t or't e ~. D~ff'erent1~1 t'her-n~ 1 analya1.a 

f)f t l!. t s ~l f'):'Y by the u.o •.• ! ndtoqted th~t tbe domtnant mineral 

Al2Q~ t ~10? rn t ·~. o of 1 -: 1 •. 69. A eu -rove r.,t- tl11s specill!ten was 
v ... 

in F1 ~uro 29 tn sh ow the m~~~' thod of t-eool'"d!ng -re st! ts in the 

1ng t o 11:0-+:e t h o abetmee ~r .,n ~tY. !'er!eet~ nna !n tl-t!"B ~n ·1 le, 

c t~f' 't rm 1 n n: the~'-~ de~ee or tm,.1ty oftlte 1ft. teri al. 

The absence ot slttr~t!. n!um h..,.d~o'ld.de ~~ rH ~'t !! ~ the 

diff?a.ct-tnn '!) t ·te'r!'l !3 1)~"~ ·t ~ m11 flrly ,nterest'n~ tn tf,' s htgh 

alumina els.y i nasmuch as . ·~stek .. ,. » e"t M~n!ng ~t-nt :f"! reelays 

ale, !n som.e of those materials. 

1. The nt'l0m1nont ela.,. "'ft!n r"'!ll an'!')e a'!"'R to be t .e same 1n a 11 

o E!ee 'l'abl e tl'f!. -
~~-~ R. rre:v-st·ek• Nati onal ·r emi c A-1 !saboratot-! •• 

Perfv~nal Co~nief' tion. 



Plate I- - X- ay no er phot gr nh f s lec t d c y . 
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fr ct-i0 

c ... ~ w r in oc 

s . ..., 1."t e b . · r ndley 

effects fro 

e s , m le of 

.,re .. nt 

t es 

t fr c n 

the 'd" 1 -

Of he o 

e t c er 

o s e ye , th e -r y spec tro-

t ts ""l·i ni-

~ f ' " i VA i i.e s ( 4 ) 1 

t e cy f r cl~ e a1 t n · e ~ as a r e lt 

ari _n l es t . e - r y 

sp ct 0 n t e' r~ ct t ~ ee t e ~. fic~t on f 

_.., t e s X- . p t e , f r . r t at 

t n r ' · erred n e1 tq -i i , .() r , R s e 

e ·• f ,, ,_tv n t "f n 

t ,n s f . lt _, rf . c ns e , 

an r e c o . to , n . c d. :tnt · s e . 
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Table XI I 

"d" Va lues for t he Hi gher r der Li nes of 
A South African i gh Al umina Cla y 

Observed Values 
Kaolinite 

(Brindley & Robinson) 

"d" Values 

7.15 
4.45 
4.35 

4.17 
4.12 
3.837 
3.734 
3.566 
3.3 5 
3.138 
3.091 
2.748 
2 .553 
2.521 
2.486 
2.374 
2.331 
2.284 
2.243 
2.182 
2 .12 ? 
2.057 
1.985 
1.935 
1.892 
1.865 
1.835 
1.805 
1.778 
1.704 
1.682 
1. 659 
1. 61 6 
1.581 
1. 539 
1.486 
1.464 
1.449 
1.426 

Observed Va lues 
South frican Clay 
(Experimental) 

"d" Va lues 

7.12 

4.36 
4.34 
4.145 
3.935 
3.82 
3.?3 
3.555 
3.3? 
3.14 
3.10 
2, ?5 
2.55 
2,525 
2.49 
2.38 
2.336 
2.29 
2!24 
2.18. 
2.13 
2.06 
1.985 
1.94 
1.892 
1.865 
1.835 
1.805 
1.?84 
1.?06 
1.68 
1.66 
1. 618 
1.587 
1.539 
1.48?5 
1.453 
1.449 
1.426 
1.3385 
1.305 
1.245 
1. 241 
1.23? 
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t:i0n of t e ·,! lntP-y c1. y 11n rn1. s . •fhe r...,rt·· c] cs rn e. in siz e 
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t~ ·c ..., • croC!C0 t' t'~o · '"r()nrl'PC ..... T -. 
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Clay III . The s~~~le shn ed a n edom1n~nc e of l aol n te 

a ~re~Mtes . Pse d- schistose str1cture ~s o~se~ved to s me 

degree alt n h less t an Pn in Cl ys I nd II . ~J rtz s 

present , pr bab y ess th n 15~ . 
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Olav IV . T""'e contorted bnnd TIP: res, t1n frn"Tl locol nr ss,,re 

ad-lustment w oc:o consn1cu0 s . The R1te"~"nnt1n 11P'ht PnCI c'.if'lrk 

bo ,.:l s a .,... e cle-.-.r1v d1.,t1ngu1srnhle 1n thf!' f'A(' on . A .:m. 11 

ss thnn 51. 
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o d dv 

ci e s f tr.e ft v e lect d cl vs , .. ere gr · nd to 

pass a 100 m · S s ve d o rd r m ,nt were m~ e in oils of 

v r· us i1dt c s f refr Pc ti n . Tr e e vy ner .l r e s ue wa s 

extr cted by b r omofnr . s Pr t on f r 'l'fl 100 ~. S c 1e s eac of 

t e pre . r eds ec . m s and mo nted n oils for icroscopi c study. 

An e Ami n t• n w, s al so m d e of t e v r .ous fracti ns 

obta ned in t e mec nic 1 na yses u e in e r ini . p rt i cle 

s i 7. e , 

Re sult s : Clay I . I n d t ion t e ao 1 ite particles ich 

edom n te , a very s . 11 am 1 nt of f i ne en . .., rtz, l e ss t an 5%, 

' c s o served . The r efrac.t 1 v e index of t . 3 c l &y vr:r-t e- :3 f:--om 1 . 56 

to 1 . 57 . The yield of r v:v m ne Pl • s s Pll . fe s;rr ns 

c l el i n z rc n , to I"11 1 ne n rutile were o serve • 

Cla. r . The h hl:v c r brm::1 c eo1 s n r1tl re of t h is c :v m de exa -

i n di ff c lt and e cl y miner 1 c d n e c e rly ob-

se ve • S0 nrtz , oro b y ss an 10%, ~ s re ent . a vy 

m er 1 extract i n ve sm 11 y i e d . e r ins i entifi ed 

we e t u 1 ne , r t~ le , n z rcon . 

Clay I 1 The cl mi neral r ent h d an ndex of r efraftion 

ran in f r om 1 . 56 to 1 . 57 . rt z v s prese t , pro n ly 1 ss 

t an 15%. HeAVY m ner 1st dv r eRled t . e pr . e ce of ire n , 

r t"le, t 1 r m ine , garnet, i ron ores , l e cox ne . 

Clay IV . Th c l y p Pr t tcles el" e too f . e t o e i . t 

and t .. e or r~.n:i. c m tter presen t fur t er ob c r ed the field . A 

ver r sn1all a t of o 0 tz , nro .b1_y l ess t an 5~ "' s r e ent . 

M n er als iden if ed in t e he vv res d e inc ude 

t o r m 1 ne , zirc n , ron or s , 1 uc ene . 

rnet , r Jti l e , 

C :v v. Th .s c P c n t P ns an A nd nee of 01 Prtz , robA ly 

more t an 30% . Tlle cl. p Prt cles c ld not be r "di y distin-

ished . · Fr ent s of ca and feldsp r e e noted . e e vy 

e P r s~ e nc d p r net , z rc n , t lne , no rut l e . 
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c1 . rv~ x 1s.o0o 

1 te IV - Rl otron 1cro~r nhs 



s'l s , ... · &J. ' .. 

and the res 1 ts a i v en in Tab l e X:JII a lo rr with s o e a n eJ.vs e s il­

lustr a t ing v a riR.tio s 1n t hese t vne s . An a nal y si s of a SoP t h 

Africa n hi h alu"!tlna cl v , s ,m n11. P by the · 11 ttol11'1l C'-lP.,.., . c a l La'h­

orat0r1.es , .,' i cl1 'VAS f ou nd t o show no 0 1 "' 1"'tz -1n X- rav e P'1"1 1 a t1on 

i. s al s,.., i n c l u ed . 

Q:t nr tz is known to be resen t ina 11 0f tre s elec t ~d cl ays 

a d estt~, r-1 t. e s 0f the a . rmnts 11re . ent WeT'e m,t:1de 1Jy Cnrl 11 sing X- r a y 

~et ods . ( See page 99 .) Ca lc1 1 t ~ 0 s ,..,f t h e Si02 : A1 20 , rP t i as 

anc t he Si02 : R2 0 3 rA t~o s were mqde 1s ing c ~ rl ' s e s t1 mP tes. 

Such da t A ~re of cour ~P. only a n a n roxiYn::l tton d en end~ n.a: on t h e 

limits 0f a r:: c, !' l=l C of the C1J " rtz d eter"n : q tton ; h r-,"rev er , t 11e r e­

sults eo ob t o.i n ed tend t o c onf i r <'le f1·, ct.tons mR cl e hy nth r eter­

minat i v e pr ,.., ce~ · res . For 1 n~ t Anc~ Clavs I , II , ~nd ITT sh ow 

Si 02 : R203 r at io s ,.., f 1 . 83 , 1. '75 , a nd l. q4 , resnec t t v elv , ·h ich 

t hm,gh low f 0r v- ... ,..,1 i n ite f f1 11 1tt.., 1n the r~m o-e a i"'re hy 1=-T enc r i. ck s. 

(30 ) The 1 1~e, " ~nes1a , and iron c ontent s of th e 8e c l av ~~ e 

a l l ' 1t'-' ~n the li i ts t t t h e lr p, nli n ite 1 P ' t.1.ce m.ov c nnatin '' lth­

ou t ist,..,r t i o (30 ) • . Th e a 1 ' ,.. 8_l:t cry t n t i s a l s o low PS c o f irmed 

h y snec tro-che''li. cal n 1 --.:r si s (s ee np cre 110 ). The c ,.,. , c a l 'l.nal ys i s 

dP ta indi. c " te th n t t h se cl a ...- s a ,... e es eT'J. tl a ll v r ,-,ol tni te t-v~ es . It 

:t s of i __ t. P-res t t n n nt.e t"' f1 t CJ. ,q y II s11ow? t he h i ""es t t . n t t ·i rm 

l o ss '"'f tl-. e s elPct ed c la s ,..,,, ;_nf-! to t e c t~ rh '>Yl~ c 11 s vn,.,tr · ~ rt l p re­

sent. Th i s c lR Also a s t e h i _'~-Jes t t -i t i a contP.n t '11 ' -"~. ch i s pro­

h Rb br ev··~ l o 1. YJ Pd i n n"' 'Y't bV t he n r e senc e Of t1 tan -t11r11 h e" r -1 n >1'! n ­

erAl S s, -c,._, P. S r11t ile pn0 t~ tan1. t e ; l,owever , i t '11 ~"~ he th ,., t, t e ttt.­

t an1 a "llc v e~t s t s a ~ , rfrr e ion '"'~ be e n hinPd tn t} e l Ptti ce , 

a c c ording tn ' 1tch ell ,., nd Henrv ( 5 q ). 

Cl Ry I V s,__'"l s t h e l Pr ,t.:r. e . t a111nu . ts nf -1~n, , l i e , and "l'lR P:­

n esia pre sent in th e sel e ct e~ c lPvs . S ct0r- ch ~ i cql PnR1vsi s 

i di c .., t e s P rel Pt ~ vel:v l fl r e 8~1n, , n t of al1 Pli as well . Thi s i n­

f nr"ll!'l ti f) n S l ')'aests v -. e p -re sen c e nf a n ()n - l-m olin i te min0r' 1 ' p os­

s i bl.v illtte , in add iti on t') 1-rP oli n ite . The Si 02 : R20 3 r nti o is 

1. 9'7 w i ch c onfir, s f h t t e clav is e ss entiallv k a olin i te. 
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Clay C cont ai ns a 1 r ge amount of qu ar t z which i s 

eas i l y vis i ble t o the naked eye . The i ron cont ent i s 
··-

be low 0 . 9% t hough t he col our of t he mat e r i a l is d i st i nctly 

reddi sh brown . The Si 02 : R203 r atio i s 2 . 32 which i s hi gh 

f or kao l inite , however , it is quite pr obab l e that i n t h i s 

pa r t icular oase t he quar t z esti ma t e was low. The l ime content 

is hi ghe st of any of t he se l e cted cl ays t hough no magnesia i s 

r e or t ed • 
..1: • 

Th chemi ,aal ana l yses of t he other t ypica l c l ays 

show the generally l ow cont ent of i r on and f luxes , such as 

l ime, magne s i a , s oda and pot a s h , which characterize many of 

t he comme r c i a l t ype s of Sout h Afri can r e f r actory clays. 

The s pecimen of high a l umina clay shows a Si02 : .A1:20_3 

r a t io of 1.?2 which i s ne ar the l ower limi t of the range 

f or kaolinite suggested by Hendric ks {30), 

Table XIII. 

Che i ca l Analyse s of Sout h Af r i can Refrac tory Clay s. 

A. Se lected Clays: ~ 

Sampl e . Clay I. Clay II. C.lay III. Clay IV. Clay v. 
Loss 13 . 59 16 . 90 13. 96 14 . 40 ?. 21 
Si 02 46 . 86 44 . 46 50 .14 43 . 20 6?.7 0 
Al 203 38.22 35. 04 34 .50 33.80 2l.?8 
Ti 02 0 . 41 2 ~12 0.88 1.?6 0 . 8? 
Fe203 1.10 0 . 84 0. 26 2 .56 0 • .83 
CaO o.oo 0.40 o.oo 2.06 1.24 
MgO o.oo 0 . 58 0 . 41 0. 61 o.oo 

Tota l 100.18 100.34 100.42 98 .39 99 . 63 

Es t imated 
~uartz 2 5 ?.5 12 .5 2 . 0 3?. 5 

Si02: Al 203 1.85 1.?8 1.85 ~ . 06 2 . 49 
Si 02 : R203 1.83 1.?5 1.84 1. 9? 2.32 

1. Ana l ysis t E . ~ . Newbur y {Ve reeni gi ng Brick & Tile). 

2 . Es tima tes by X- ray method s acc ording t o H.F . Carl (Note : 
average va lues t aken f or clays II - III - IV, see p ) • 
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Tabl e Y.li i , (Cont'd ). 

B. Typical Clays : 

A. B• c. • 

Ig. Loss 13.;84 13 •94 14 . 04 14 .;10 
Si 02 45 . 62 48 . 50 ·49 . 98 43.;10 
Al~03 38.;64 33•41 ·33.;95 39 •60 
Ti 2 0 . 54 1 .. 40 1 .;40 2 •00 
Fe203 0 .44 1 . 51 0 . 21 1.50 
CaO 0 . 52 0. 66 0. 52 o.oo 

0. 66 0 . 92 0 . 40 o.o 
T<YrAL 100 . 26 100 . 34 10 . 50 100 . 30 

' · G. 

I g. Loss 14 . 84 10 . 44 
Si 02 45 •38 50.70 
ll203 37.60 35 . 9 
Ti02 0 • 9S 1 •. 52 
Fe203 0 . 98 1 . 80 
cao 0 ~10 0 ~16 
11g0 0 ~35 0 ~'52 

( 

Tot a l 100 . 23 101. 04 

A. ""'lint Clay (carbonaceous) , Vereen i g ing . 
B!' Semi-flint c l ay (C arbonace u s ), Veree n! ing . 
c. Semi - f l int c lay (ca r ·bonaceous) , Spr ! n s . 
D,. em- flint c lay , Ve r eeni g i ng . 
E • Semi- 1' l int c lay, Bra pan . 
F . Pl astic clay , prings . 
G. i liceous :erra c t ory sha l e , Vereen ·igi ng . 

Anal ysts : E • . ooi, E •• t ewbury, L . van Vuuren , 
(Ve r e enig i ng Briel{ & Ti l e Co . Ltd) . 

• 

14 . 20 
44. 00 
38•2 
1•75 
1 . 20 
o.oo 
Oe42 

99 .77 

C. Spe c imen of Hi gh' Alumina Clay Shooing no quar t z i n r - r ay 
• xan 1nation . » 

Ig . Loss 
Si 2 
Al2 3 
Ti O 
1! 8203 
cao 
:go 
r a,20 
K20 
Sul phuric 

anhydr idr 

12 . 4.0 
42 . 50 
41 . 5 
o.oe 
1~ 00 
0 . 3 0 

. 30 
0 . 60 
0 . ?0 

1,60 

100 . 96 

Si 02 : Al203 1.74 
8 102 : R203 1.72 

» Analyst : F . Grey , (National Chemica l Labor ator ies ) . 
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Note on Or ganic atter in t he Selec t ed Cla ys . 

Cl ays II and I V gave promi nent ind i cations of the 

p~e senc e of carbonaceous matte r in t he di ff erentia l 

t hermal ana lyse s and t he se c l ays we r e .srtJ.b ject ed t o .f ul? t b er 

i nvestigation to de t ermine t he amount of such materia l 

present . 

The e s timati on of the tot al or ganic matter in clays 

is di ff i cult since t here i s no s i mpl e me t hod of sepa r a ting 

it and maki ng a d i r ect de t e r mi nation . (59) . For this wor k 

the met hod suggest ed by Waksman ( 00) wa s fo llowed in which 

the tot a l ca rbon was de t ermined and t he result mult i plied 

by 1.?24 a f a ctor re c omm~nded by Van Bemmelen based on t he 

assw1ption t hat t he average carbon content of t he s oil 

organi c matter is 58%. 

Sampl e 

Cl ay I I 

Cl ay IV 

Result s a r e gi ven below: 

Or gan ic Content of Se lec ted Cl ays . 

Tot a l Carbon * Tota l Organic a t t er . 

2 . 61% 4 . 50% 

l.?O% 2 . 93% 

~ Anal yses by Union Steel Co. Lt d . 
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nMorin Dye" Test -- Free Alumina. 

General Statement~ 

Tetrahydroxy-Flavonol (' orin" Dye) produces a gr een 

fluoresce nce with a lumini um sa lts in solution and i s used as 

a micro-chemical test f or t his me tal. Tschrischwilli, Bussem, 

and Weyl (61) empl oye t!Mori:nff' ye to detect t he pr esence of 

fr ee a l uminium ions in cl ays. itchell (6 2 ), who a lso used thi s 

t e st to distinguish be tween clays containing combined and un-

combi ned a l uminium ions, suggests t ha t clays which show the 

pr e sence of f r ee a l uminium ions by this test have a less stable 

structure than others whi ch do not. The t est was f urther 
I ;,. 'J., "" I , • 

developed to yield quant i t ative r e sults by itchell and Henry. 

( 28 ) ,.. The genera l procedure adopted by all t he se wor ers was 

to l each out t he s oluble a l uminium ions with standard HCl sol-

ut i on , by soaking overnight, and then examining t he supernatent 

liquid. The liquid was neutra lized with Na OH and t hen made 

slightly acid wi t h HCl. A few dr ops of "Morin" Dye were 

added and fluorescence was observed with the ultra viole t 

light. 

Experi mental Procedure. 

The me thod just de scribed was found to gi ve er r a tic 

r esult s when a pplied t o South Afr ican refractory clays, - poss i bl y 

be cause of the pr esence of othe r ions, removed i n t he _l eaching 

process which affect fluorescence. Reproducible r esult s more 

i n ke eping wi t h chemica l ana lys i s dat a were bt ained by u sing 

ace tic acid and s hortening the l eaching period . The procedure 

fina lly adopted was to add 22. 5 cc of cold distilled wat er t o 

appr oximately 0.75 gr ams of t he c lay s ampl e and t hen t o add 

2 . 5 cc of 5 N acetic acid to bring t he f inal volume of liquid 

to 25 cc. The suspension was s t irred we l l and to it was added 

0 .1 cc. of a 2% sol ution of "Morin" Dye in methyl a lcohol. The 

t est, carried out in a porcelain dish to afford a good back-
. . 

ground fo r observations, was allowed t o s t and fo r one ha lf 
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hour antt .t hen . observed under ultra-viole t l i ght •. . 

The t ypi cal cl ys were · epnnSned, along with ot her 

miner ls, by t his t est and the resul t s are t abul t ed below : 

a t erial 1! luore see nee • 

Clay I Strong~ 

Clay TI Very weak~ 

Clay III none . 

Clay IV " 
Clay V. " 
lLl ssouri t l int c l ay weak. 

Jissour i d i aspore very st.~ _, . 

ng lish Chi na clay none . 

S\wmary and CoilOluaiona . 

The efficacy of thi s t est cannot be absol ut e ly relied 

upon to de t ermine the s t abilit y of the struc t ure of t he cl y 

minerals until further wor bas shown the effec t of ions other 

than aluminium n leased du r i ng t he leaching pr oces s . The t e st 

does , however , suggest the presence or sma ll ounts of ctive 

a l wniniw::J. com· ounds in Clays I d II ncl i n the flint clay 

and di as or e hom ~l.issouri and t hese result see to be sub­

s t antiated by the lovv s i lica to a l umina rat i o or these mate r ials 

a s shown by chemi cal analysis . The amount of f r ee a lumina 

de t ected i n Cl ys I and I I ~zas t oo small to be aonfi r ed by 

- ray and . T . l'i. . examination. 
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: •.• 1 t 

Sn 

n ti0 f t f' e _Jet C1P s , 

' 1') .s f , .. so,r . s , ., _f i i · c1 .,., t c 1 

8 r tei ,g t t -- fJ , () -~ oJ . · c a l s c l_!'l 
,, 

- . "' 

v e:r . Th e i s tr11ment usec'l !'l L~ ttr - t""~" ~- S1Je t r> o :r _ nph 

em l o~i ~ c o ~ere e ctrnd s . A l nf the S P n l s e rc d fnr 

20 ec 0 c'l s l i 5 a ~n s : f or the n n e t er i n tt ns 

· n l Ps ' 8 """' e r .e f nr 5 s e c nnd s with a d 1.ffe,.·ent se t tin _ nf 

t l-J s1 e ctr arP ""1h • 

lt1'1 '11 ~ th r mt nnr e l e A , s ~'l:lJ e ,":. e _nt ~c1 * 1 ~n 1 '\r t ose 

t h·· t c -mld 1-)e st e deter . n ed u e r t e tes t c cmc'l i. t ns r rnen -

t • ~ .ed . Th r e ults nf the e rni . t ~ on s 1" rr ·i VP ~ n T h le XIV 

1 0'" : 

Table XIV . 

elec t ed ·.y nor c n sti t 1 ent s () f Refr ~tory c a s 

le 
Pb K Cs a a B a r 

I 4 n i l t r .1 n i l A 6 t r 3 2 1 . 1 t r 
-v II 4 t r 2 1 1 7 4 1 ~ 6 nd 1 1 
\f I TT 3 t r 2 t r tr 8 6 1 6 7 3 d t r 
y IV 7 6 4 6 4 9 7 5 6 8 5 6 6 
y v 1 t r 3 t r tr A 5 1 3 4 2 nd 1 

~ f.l s ,, i 1 1 t r 1 9 7 t r 7 6 6 t r 1 
. e111 i - fl i..nt 

li . m r i 4 r; 2 1 1 q 7 1 7 7 nd tr:" 2 u 

P1 L t. 0 c 

1 is v e r y we k , 1 0 i s very stron p, . 

The n 0 e f occnrY•Emc e nf the el em nt s n r e . f'3n t i s s -

c1 s ed b y Gold Qch id t (63 , 64 ). 

Th e Jj tR of c'le tec t ."nn of cer tt:dn ele ~ ts s c1 et Pr"111ned 

e -vn et'·l , ntallv b y . ~ Asc:: e stein, 1sin a. a ]:y s ecl s a l e s , r e ive n 

a s f ll ows: 

a , Li 
K 

Ba 
B 

Per c en t 

0,.1 
0 , 5 
0 , 05 
0. 02 

s Ox i d e 

-:~ Fnr furt e r n f rm.a t't nn on t he t r ce lements i n c l y 
s e e Ah r en s ( 65 ). 

c ont ' d . 

sn. 

n i l 
nd 
tr 
2 
nd 
nd 

t r 
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i . , ·. Il 
. b , ... r , , N1 

sr 
;: ~ e11 s t i n s t 

t .1'1ah . e ·t t h the e 11 n• ont , 1 

t - , nhnve 11 .. ., "t t s :Y,.,e, 1 • 

] . 

11 . het~ 0 ~ ~ ev~ ~t ~ v~tv ~ 

e ~ 1t ~ns f th 
nh ­

t e st s 

d 

t ""' s 'l c1-, . Y!g CJ. vs I , I I , rn , v, '~is , r'T. ae ~. - fl'tnt cl -v . 

!'"'1 • on1 c 

!nv r-t ~h"'v fnn r with t.\,_, ~ 'l m s ,.., ter-

-· . 

v be e rp ct ed t o b 

f"'~, · nc1 t') r.:e t - ,...,... • ' cl el 1 so sn s t 1 nt a for nt· es1 "ll e 

• P ,- c c es s or:v m.,_neral 

• ~ar'lu~ , str " t1wn , nn t~n 1.e ro -r> PN 1v -' p.+ ,.. ct · fl -n Clay IV 

, • rr- o, t tr.e "tl,Qnv -,..oll .· s 

i n ~eochemlst~ and ~eophysles involved 1n a s~Jdy of t h e clays. 

T t l! ls c ormec t·' '1 Pr eder,_ckson (44 ) dr t-·s ~ tent-ton to the 1"'!T)or t -

.t ."I P.en the i ons 

.'1• "'~ t r 1 ol e c l e a . 1-Te .. t . t As that !.on s • it'l-l a. lo . to ~ c n nt nt a l 



... .. r a ... 

s "'tl,., .. ~. 
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'I'l1e sel ec ted cL ys AT'e ev min n fnr rad!oRctivl cy in 

a h et e0~mt17r y- r . D • . T • . 1,., s ..,n of thE' ,T'Y\ t..., Geol ol!., c 1 S l!'-

~. The r es1 l t s ~ ~e ~iven ~ s f ollowst 

Clay --- K~ l 1v Al ent 

I 1 . 30 . 

II 1 . 2~ . 

III :'l . 5'7 

Pl 4 . 4'71> 

v 1 . 03 . ~ 

' I ob t t n:t n t hese '!" S1 1 t s 1 t ' n s a s sumed t h Rt a ll r. 

t e r !1d:t oa c t1v1 tv lTlfV•s, reel was d1 e to p otass11Pll . This a s slJ11'1P-

t ion a ls0 h o1 s f or the · ~ ' P l~ s c l a :v s ., l e 1 en a s a st !lndard . 

'i'he Y20 em, ~r., 1 dn t s f "'r a1 1 oi' t h e ~e1 ectf!! r c1 v :e:~ r e 

'h ! r~Y. ,!' t h n inntc ... t P.C h'V t h e 3T.)ectro-c e'IYI!cnl !'e ~'tll t • frP' t - · 

i nC! t h 

r~re ent 1 s n t s·nff'l c 'i ent to Jc ,., n t f or nl ·l o f t"'l t=~ r ad!,a c 'f v i tv-

noten . C1Rv ITT Ri v e s vt en e nr t~e 1 r P~t li o nt nf' qd o-

• 

ch !'t f nr l e " VV .,r r n P r - 1 s of +:h • ! d e -·CCa s t t a 1 _ t:t A ·· r-T r .s 

sl')rh ed 1 on s nn t 

""J e t - " d f or t _ e c onc entrnt1 '">n nf ur~ h rrn ( n . t'l1 riH'1'l ) i n t , 

l. a tt·f c e . -1n e J> .. s SP eh !:~ the e1 v s . '1"1e u r a U'lll t s ter d1 snl a c ed 
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b cau se o~ an increa se in t h rmal env1ro men t, a~1n~ , or intro­

ducti. n of ore chernicall y Ac ttve i rms , Pnd is nut intn soll t:ton. 

The carbon~ cenus m~tter p~~ sent wn,ln then serve as a f ~ lt.e~ and 

c onc entr a te qno f1~ t he inns. The n resence of a lkal1ne solu­

t .nns CPl se ~r ~~ite l ~yers to ~~ nd to such an e~t~nt th Pt t hey 

ma y be c verted ~nto cnlloidA l ffi sne s ton l ead' n~ to a f1nal 

brealrclnwn nf tr,e 9"r hi t.e ~t.r,ctuT"e. C0llnids cnnt$l1nlnll' 1 r a.nium 

wo1ld then he ad sorh ed on cl ays and s1ml l ~ r rn' n Prals. 

Diffe~ent · a 1 the!'1"1al analysis h~ s :tnd1 c ted t h e ,... ss:tble 

Y) re ence nf hydroc::~rbrm s i n so111e of the p l ,q s t c and f 1 nt cl AYS 

v,_,-ich <:1 r e s s oc"" nted ith th e cn . l ~e ~ ,., s • .F'rom this verv hrief 

t n s ect-ir>n nf t he rRd-inactiv ~ tv of t h ese cla.vs an t n t P,...estin!S 

m. e t 'I-Jnd 0f a ccnuntlng f or t hl s oC Cl' T'T"ence su P s t s 1 t self--c o~ ld 

t . e brea' ·d .'·'n o f t he coAly mfl t .t.e r be 1=1!- t of a r adioactive pro­

c~ s nn 8s thlv c nnnect e ~ ~1th the nnl ymertzP.tt nn of so~e of the 

carb ~n lnt.o hvdrncr r h on . Tl, t s nlnt is worthv nf f, , rth~r invest-

1. r. ti_rm , pHrtic11l nrlv afl re c-P,...cl s n '"'ss1h1e -T n fl 11ence nf radio­

a ct1 v t t v on t h e ~e es4 s 0f ~ ~ ,q 1 m.Aasure c1 Rv s 1n a eneral. 

.. 
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Particle Si ze Distr i but ion . 

Genera l Statement~ 

It is well known t hat many of' th8 physical pr opertie s 

of a clay vary wi th t he eff ecti ve par ticle si ze~ i. e .- the 

part i cle size of t he clay as i t is actua lly used . 

Grim (54 ) points out t hat t he cor r e lation of pa r ticle 

size and properties depends upon the assumption t hat t he 

breakdown of t he clay particles is of t he s ame or der of 

magnitude i n analysis and in worki ng . Since gr ading analyse s 

of clays are preceded by disaggr e gation to get the clay in 

suspens ion , Gr im cautions that t he di s persion of t he cl ay in 

wat er wil l tend t o break up the par ticles of the clay minerals 

by cleavage a long t he basal pl anes and by bre akage across t hin 

f l akes . In maki~g such analyses then, t he measurements made 

clearl y repr esent the degree of disaggregation and fre quently 

nothing else. Fur ther he states t hat the~e may be little or 

no r e l a tion be t we en the part i cle s ize di strib~tion det er mi ned 

and t hat of the natur al clay. He ment i ons t ha t s ome i llites 

r eta in t he ir si ze during dis persion and &~alys is while others 

are easily re duced. Mechanic a l ana l yse s of kao l inite c l ays 

give a fa~~ p~q~ure of t he make -up of t he natura c lay where -

a s analyses of mont mor ill onite c l ays measure li t t l e mor e t han 

t he degree of dissociation . 

Following C-rim's contention t hat t he objective in cor­

relative work (such as t hi s) should be to determine t he effect-

ive particle size, the pr ocedure recommended f or wet screen 

ana l ysis by the A.S.T.M. Designa tion c. 92--46 was employed. 

Such r esults while not an absolute me asure of ef f ective particle 

size, serve to illustra te the compar ative di ffe rences be t we en 

t he selected clays. 

Exper imenta l "Pr ocedure. 

The selected clays, afte r gri d i ng t o pass a 28 me sh screen 

for use in making up t he t est bars_~ wer e s ampl e d f or par t icle 

size dete rmi nation. The sample, weighi ng approx ima t e ly 250 

gillS . was transferred t o a litre conta iner, and sufficient wat~r 

was added t o f orm a s lur r y. Slaking was a llowed to pr oceed 
. ' 
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for one hour.. The sample 111as t hen t ransferred t o t l\e t'in.est 

screen u&ed i n t he analysis nnd washed with water j et . The 

washed res1\!ue , ~as dried to constan~ riif l ht, transferred to 

t he coar sest screen in t he sertos used , and scr eened . The 

~ening t est was carrioo out using Tyl er . c reons and the 

o- Tap appar a tus . The wa shings Jere collec ted and subjected 

t o aed tment ary alysis i n a ccord ce with t he usual techni ~ue 

involving t he use of' a 2 0 co pi pette t o w1thdr av1 sam_les f or 

a knovrn di s tance from t he surf ce at lmm'7n t ime 1nt erva ls . (66 ). 

The e .. uiva l ent spher ical di amat er of tho particle s w s calcu­

lated f ron Stokes \':! hi ch pres ume s t hat a particle of a 

given.·· s i ze and density se ttle s in a l i quid ot l esser density 

with a ve locity V" which is e ual t o 2gr 2{dr·d 2 ) ;; 9K where 

g ia t he gravity c · . ta:nt ~~ . 

r _is the equivalent ra41u o~ t lae particle i f t t were a 
·sphe~ ot s ome ~olume 11 

d1 i s t he den sity or the sphere ,, 

d 2 i s the dans ! ty of the suspending 11 uld • 

X is the viscos ity or t oo 11 u1d . 

The compar a t i ve par ticle s i zes of t he s e lected c l ays 

a s de t er mined by the a bove me thod ar e shoon gra hically in 

Figure 30. 
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:~r:y- and Cone unt tma 

1 . (:l ays ! rL"'ld I I show rol •. t 11¥e1:y ll ttle br~akdo---n under 

the ean-Ut ions ·Of t hE! test. TJ' 18' i e 'bo~o ott 1n nl n t 

2. C1 ~;?' T't ... Or') t . 1:..1.8 n r ... :tr ·ammmt or r . e ·~rt -t o1 es tl. u m 

:! t , oc s t!ot sl ~ k e ~ _,., ;H "" unclor> th~ tent e ('\ndJ t1tms. 

3. Clay TV c ·nt · tns A mYU)''l f"tn~l' Pan~·e r>f p.-rt.!el·e td.~ea 

sla e -s 'll.:' · ~'r'"l : ly • . 

4. Clay V d1s:a~gregatea i"'~, !. rly read11" in t:he te~t am i.n 

rraetiee. 'l:Jna~J!I t 'T1e ~s! ero-aoop·a t l eoa1•eet r .. ' et!nn !s 

· een to b e e~osoo 1argely of rm"' l-tZ I!'<'J:- !:ns '1th1 le. the 
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Base Exchange Phenomena . 

Genera l Statement. 

The clay mine r a ls a re gene r a lly r egar de d to conta in 

ions a ttached to the br oken corners and edge s of the ir 

cry:~~-a~ structur e, and some in the interna l s tructur es a s 

well, which c an r eadily be r epl aced with othe r ions. This 

re pl acement phenomena is lmown as ·"base-exchange" and 

for clays t he base exchange capacity i s expr essed in 

milli-equiva lents per 100 grams of dry clay. 
' ·. 

· · . [u~e action of base exchange is most corrnn.only 

illustrated by zeolite water softeners wherein t he hard 

wa~er is softened by per colatiug through t he zeolite whe r e 

t he ca lcium , which give s t he water its hardness, is exchanged 

f or s odi um fr~~ t~e zeol ite. When t he zeolite has lost its 

ef fe qtiveness it ·may be r eactivated by pa ssing a solution 

of sodi~ chloride t hr ough it t hus r eversing the bas~ 

excha nge process (22). 

The total base exchange (M.pacl;tyJ 1 s ~:th e···'sl.ml'- of : the 

me t a llic hydrogen and other ca tions. Thi s property can be 

used broadly to cla ssif y the clay minerals. The magnitude 

of the total ba se exchange capacitie s of the principa l clay 

minera l groups a s gi ven by Gr i m (32 ) a re shown below:-

Base -Exchange Capacity 
(me. / 100 g.) 

Montmorillon i te 
Illite 
Kaolinite 

60-100 
20 - 40 
3- 15 

The t otal base exchange capacity is de termined by 

(1) electrodialysis , or ( 2 ) repl acement le aching (67) (68). 

I n the e lectrodialys i s me t hod t he materia l is converted t o 

t he hydrogen f orm whi ch i n turn is trea ted with varying 

amounts of standard alkali : aLd the pH · of t he r e s ul t i ng 

slip or liquid is de te rmi ned. Plotting these data yields 
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the .... trtra t :ron curve from which the base exchange capacity 

is read off at pH 7. In the leaching method t he clay is 

converted to the ammonium f orm by treatment with neutral 

ammonium acetate. The excess lixivant is removed by 

washing with alcohol and the ammonia from the ammonium clay 

is distilled by the Kjeldha l method. The ammonia distilled 

is equivalent to the base exchange capacity. 

Experimental Results ~ 

It wa s decided to examfne the selected clays by both 

of the methods given f or t he determination of base exchange 

in order to compare the two procedures. 

Clays I, III, IV and V were investigated first by 

the replaQement leaching technique then clay IV was repeated, 

along with Clay II by elec t rodialysis methods. 

Replacement Leaching Method:- The procedure consi3ted of 

leaching a 25 gm sample of the clay, ground to pass a 1 00 mesh 

Tyler screen, with 100 co of 1 N ammonium acetate, The sample 

and l each reagent were placed in a ~toppered bottle and agitated 

on a mechanical shaker for about 1 hour and then transferr ed to 

a centrifuge, operating at about 3,000 r. p .m., unt i l t he solution 

became clear.. This operati on took about 40 minutes. The clarified 

solution was decanted and another 100 co. of leach reagent was 

added. The residue at the bottom of the centrifuge bottle was 

broken up with a glass stirring rod and the agitation and 

centrifuging operations were repeated. Five successive leachings 

were made. The residue was then .:t .rea t ·e.d with 5 successive 

washi ngs in 80% neutral ethyl alcohol by t e same agitation and 

centrifuging procedure. The washed residue was t hen analysed 

for NI14 by the Kjeldhal method using NaOH as the alkali and 

HCl as the acid with brom-cresol green and methyl red as 

mixed indicator in accordance with standard procedure recommend­

ed by the American Organisa tion of Agricultural Chemists. Test 

results are given below:- . 

~ Assisted by the National Chemical and Scientific Laboratorie s . 
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Base Exchan~e Capacity 
(me/lOOgms) · 

Clay I 5 

Clay III 14 

Clay IV 46 

Clay V 6 

Electrodialysis ~ethod: A s amnle of about 50 ~ams of clav, 

gr01md to pass a 1 00 mesh Tyler screen• wa s sn spended in ahout 

200 ec of water. The el ectrodi alysis w~ s carried out in a 

~f.attson cell u s ing an anode and ca t h ode of sh eet nl~tinum. The 

cell con sisted of t hree cornp rt nents 1nade of hard r ubber. The 

size of t h e c nmpP ~t~ents w~ s 2~ x 6 inch es and the c ompartments 

wer e separa ted with a special cellonhane membrane. The sub-

mer~ed surface of the e~ctrodes wa s 2 x 5 inch es. At t Le begin-

n i ng of t h e dialysis, distill ed WRter wP. s placed :tn the t wo outer 

compartments and th e cla:v suspension in the center. D.C. eurrentt 

w~ s aDplied a t 250 vol ts and nrovision was mAde to eontrol . t h is 

voltage as required. The clay su~ensirm wns sti rred at i n ter-

val e wi t h a ~la s s r od ~nd t he water in the outs1 de comn rtments 

was chAnp:ed freo ent ly. Tl,e di,A.ly s:ta was continued unti l tt'1tr·a-

t i on with N/10 HCl indi cated t ha t no additional alkalie we"l" e 

removed from th e mAterial. The d:talysed clays wer 1!:Med and 

broken up t o ·oass a. 1 00 mesh Tvler screen. Two p::ram S!l.mnles were 

t ransferred t o a glA ss bottl e and tre ted wt t h VArying amo1nts 

of ste.nd::1 rd NaOH 1n 50 cc snlu t ion. The bottle and contents 

were shaken by hand at i ntervPlB over a period of f our days and 

t h e content s t hen f 1.l tered to senar::~ te 1 'tau1. ds and ·soli ns. The 

pH o:f t h e l iquid WA. S me a sured with the p:l a ss eJ.ectrode and the 

nH was plotted against the am0unt of b~ ~e a0ded . The no1nt was 

tak en at pH 7 to reures ent t h e neutrA.l i?at-l on of hydrou.en clay, 

or the b P se e:xchPnp;e capac 1. t y . The piT curves f or the two clays 

examined P.re g~ ven in Fi~ re 31. The b~se exch~n~e capacity of 
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t h e two cla.v s 1 s as .foll , s: 

Clay II :lie: e/lOO~s. 

Cl ny IV 50 me/lOO~s 

Cl ay IV sho •1ed a str nnt; 1n1 t ial tendencv t o rel e a s e i ons a s not- · 

ed b y th e ht gh 't"e ndin~s of t h e mil l i ame t e r . End oint was 

r e 11 ched i n 3 9 h ours. Dur i ng t he d i Plysis i t Wf' S n 0tr' a t hat t h e 

y ellowt sh b r mm c nlourinP-: m tter mi .rtr r> t e a t h r nugh t h e me>T~b rane 

alonp: wt t h s ome e "l< t remely f i ne c l ay "O Prt "c1es. 

Clay II ,,., s d~ a l ysed for 2 8 hours, wh en t he end n o tnt wa s reached. 

The s Pmnl e showed n o si~s of d ee onroos itil")n or of m~ !lr l" tinn of 

the c ol rmr in<'l" mPt.ter. 'l'h e r e w r1 s n o m1 p:r n t ·t on of f i ne ps.rt i cles 

no ted . 

Summary and Conc l usions 

1 . Clay s I, II, III , and V gave res1.1 l t s wtth -l n the r an g e of 

b a .. e e • chan p.:e VPlues a s given by Grim for t h e k aol i n! te 

gr oun mineral s. Cl ay I V gave a r e1a t 1v ely h i gh b .., s e ex­

ch a T1 £l:e va lu e wh ich may be du e bo t h to t h e orp:an ic mPt t er 

p r esent end t o t h e oc cu r rence f'l f clay m1nera.ls oth er than 

t h e k aolin ite rrr ou • 

2. The nre~ ence of e~tre"!'lely tine particle sizes i n ClRy IV 

is ind1 c a ted b y the rn -t ~rA t '! ·m of t h e c l a:y t h rou P-:h the mem­

brane during the dialysis. 

3. The rep l a c ement lea chi ng meth od was rel ~ ttvely r a p i d but 

c areful Rt t enti on t o a l c ohol washing s wa s nec e ssa ry to 

remove a l l tra c e s of ammonium pceta te. Furth er, the 

K.1eldha l d ete'I"min s t i on r e ou i res c a r e f ul prep A.r a t 'ton and 

manipu l ati on. On t h e other h and t h e electrodi alysis meth od 

wh ile a dmt t tedl y s l ower r ecn, i re·s les ep er ilonal att en ti on and 

t h e a ctna1 det erm1n t i on o~ t he b Rse e vehan.rre c r-1 n a c i ty is 

made by s i mple t i tration. 
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TABLE XV - PLASTIC AN D DRYING PROPERTIES OF 
CLAYS TESTED. 

SAMPLE TYPE ORIGIN EASE OF PLASTI CITY WATER OF DRY SHRI NK- DRY W£1RE2JGTH DI STORTION ON DRYING 
GRI NDING PU~.STIC ITY AGE % P . S . I . 

A Flint Hammanskr aal Ha rd Poor 1 2 .1 1.3 3818 None 

B Flint Vereeniging Ha r d Poor 1 2 . 2 2 .4 1 ?? • 9 None 

c Semi - Spri ngs Har d Poo r 9 . 8 2 . 4 140 . 6 None 
fl i nt 

D Pl as t i c Spr i ngs Soft Good 20 .8 5 .? 30 0 pl us None 

E Sili ci- Vel'eeni gigg Mediwr1 Fair 1 5 . 2 3 .1 80.9 s li ght wa rping 
ous Re- and cra cki ng 
f r ac t or y 
Sha l e 

F China po r mvall, Sof t Good 2 ?.5 ?.4 l ess t han 10 None 
Cl a y England badly cracke d 

G Semi - hlrakp:::.n Hard Poor 1 2 .2 2 . 0 8 ?.0 None 
f l i nt 

H Semi • Vereenigi ng Har d Poor 1 6 .0 2.0 34 .8 None 
flint 

J Semi - Vereeniging Har d Poor 18 .1 3 .0 25 .5 None 
f lin t 

K Semi - Vereeni ging Hard Fair 13 . 6 2. 5 182 . 9 None 
fl i nt 

L J emi - Springs Hard Fair 14 . 2 2 . 8 23 .1 None 
flin t 

(carbona o-
eous) 
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here T eauals per c Pnt w: t e r of plast~ ettv • 
...--, 

:,~n ern a.l s wetgh t of nl nst1 e tl'iA.l p1ee es . 

1 
•. 

Drvtnp.: ~r1nk .~e : The d:n-1 n shr~nlra e of a ola.y- t.s e"ftre""te v 

Wr>e ""tt, !'1' Pf.l tn t.1 e P-:r~H'n s t t e . "~ nng -·· 1th ts 1rmr.res t d1mens~rm's .. 
v~th q tn~l w~~ch !nscr~~ed tw~ ~ ndent ~ t 1 ~ns evac t lv 10 ems 

di shP'lCe between t.l-te i ndent t "lons w s dete!""'l ·•ned and t.h e n l"V., "!"' 

1 e g: tl-J . 

I n t'-1-T s w')rl~ dry s tteengt h wa s studied by dete~tn1ng t h e 

modulus of ruptu r e on the c'l:rt ed test b ars b:'T me11ns of a s imp l e 

l Rb ora t ory cros s h r e ak:tng mach ine. The modulus of M. n ture v a l u e 

vr s c a1cul t ed f r om the formula 

p eaJals 

1 e ,~, s 

b er.u r- 1. ~ 

d ea1l"~1~ 

'brel" k i YlP 

'M : 3 Pl 
2bd2 

1no:."l -T n 1d. 1 C!'!" .~ s . 

1 Pn w-th nf ~pan 1n c ent1 vn~tF:~ s. 

hre., r~ t;'l' "' f h r -Tn c~nt-T -rt P- t. ers . 

r1 rcn t;h nf h .n r !n cent1 · f'tel" s . 
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heRt in t o a numl:l er of elymorph ou s stR~e s wt h VPrvt ng s t b~l:tty 

r na e s. Th e :t ~ 'l nr bmt crv s t Pll i n e VPr i et i es are au ,- r tz, t ridy­

'tllite , a nd ·ri s t obal i t e, e r-~ ch with a h igh pnd l ow t emper n t ,,re 

'11nd t f -t_c !O'I t~_rm . Tr a sfn~ t :tn s are ver v s l O''' , n _ qu a r t z , t r iry­

~ite , a n ~ rt stob 0 l tte can 0vi s t ~ t r nom t emner t , re . A rev er s• 

i h l e c onver s~ nn fr om 01 .c> r t 7. t n t r · cl:vm5 t e tP'I{e s nl a c e het. :r een 

1170C. and 1 63°C. and a s ~ mi l .P. r r everslb l e c rmv Ars l on f r 11m. nuar t ?: 

t o crist ' bAl i te oc cur s bet e en 200°C. and 275°C. Quartz i s c on­

verted f rnm the l o,· to tl,e l, l p;h t FJmnerJl tnre .mod1fi c .., t t rm a t 574°C. 

T1: e enst t v c'ha~ e ac c o"l'l "' nyi ng t h e t nv ers l on s 0f m nrtz f r om 

low t 0 h i ah is -0.02 , w i l e 1-l-) Rt a.c c ompanyin~ the ch n e of cri s­

t obPl :t tJe f r o1n l ow t o h igh i s - 0 . 04 . Tlle tr id'Vi11ite ch "nf"e f rnm 

low t o .:t _h :t s ·- 0 . rn . (53) The e ch Pn R" e s affect the f i rina: 

s1•r t nkage i f 1 !'lr' e n1nunts of au r tz Pr e ur e s en t . 

At el ev At ed temn er " b, r FJs t 'h e 01(1des r emai.nin f r om t h e 

l ow te'11 ,er " h,re r e act · on s, su ch s 1r on xide, 11 e, a t:td alk a li s, 

r ep ct wl t'~- t l e c lR Y t o f orm a. gl a ss wh i ch h Ps 

f l u e c e on t h e mec'han1 c A.l s tren p-th 0f the f i n-t sh ed Pr t i c l e . (22) 

Tl'l e s e ox i d e s act t o a c erb:d .n evt ent a s ml nerAl !zers i n R. c c eler­

at i n g t.~e r Pt e of ~ 11tFJ formA t.~ ,n pnd it i s d es t r ahle t o pro­

mot e t1'1e ma .,... i n11m dev 1o" mFJnt of P:l r> s s at t h e lowe s t t emner Rt ure 

o s s:tbl e t o Pt t .n i n ~0od brmd st!•·en th ~ on the other hf"' nd t oo 

1 c or t no f lu d r.;l ss l s ob .i e c ti 0n h l e P. s n C "' , s e of defnr'11atia»n. 

X:- ra anal s i s wa s s elec te a s t h e b e s t me t d f or "'-tu dy-

1'!1. t h e t hel""'lal ef f e c t s ah nv e l Ooooc ., and X-r '3 y ph otogr aph s er e 

rn1=1 d e of t h e sel ec t ed s a. nles burned to Cone 12 (13~5°C.). ulli te 

l ine s we'~"e a.pp t! -r•en t in all of t h e c l y s. Stron g crlst.oh Rl i te 

1 ·1 n e s we-" e s e en in all of t h e s >nn les excep t Clay I V wh 1 ch sh0wed 

rel a t i v e l y ~ eA 1 reflecti 0n s ~ I n t .e cnse of Cl ay I V t e 1 e c of 

str0ng cristob 1 t te 1 tnes • s n roh !'\b l v d11e t o th e mor e abund ant 

f orm. t. ion of t e t:rl assv nh a s e .• 
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F t r l ng h r i nk . e and Pnr n :t ty 

The "'l.ns t . ef1 1 nf'or"11 At icm on t h e b u r ned beh v i o r of 

a c1 y s t e n et e .n f1t ion of t e s r -l n ~" rr e .n or n ~ ; ty " en 

f "t r e c at var· o11s t el!l Pr~ t re s . St ~n1 r d nvrome tr:i c c one s " re e 

us ed to Yl!e s1 r e th e h !> t effw .. ts Pt ta:tned . 

I n t is st" d t e l t ne r sh r " n'lr 0 _e of t h s elec ted 

sa les ~ ~ ~ a~re~ Rfter se P ~ R te s et s of t es t h o ~ s n Pre 

f i e at c n e s 6 (1 23ooc .), 8 (1260° C. ) , 10 (1305°C . ) , a nd 

12 (l335oc. ) . 

Tl, e "an are t n or n s · t :v" wh i_ch t n c11 de s t e o en n or e s , 

we i gh ings: (a )- r , (b ) h n'll ,.., s e ln Pter , (c) s ,, r a ted i n 

a i r . Us i.ng t l'1 ese ~ ta t "1 <> a n !=l r e t - n or s :l ty r s t en c 1c 1 -

a t ed f rom t h e f r 11 win~ fo r 1 : 

P = W-D 
~-A 

_ where P er.u a l . per c en t n r o s i tv , 

~ e u a.l s ei h t in ~ :t r , s t 1 r p t e d , 

D ea1 R1s wei h t i n a t r , nr y , 

A e C11 Rl s 1. e -T a t s e t ,r ated i n w_t r . 

I t t s ob v ··_ol s t Pt t e f ire shri e Pn oros1ty 

detei""'' i.n t i on w ·i ll b e p:r e " t.ly l fl u enc e b v the c on i t 1 s un -

t o matn t 11 in 11 i form tre tr11.en t a g n r Al 1 e of t e behav t o r of 
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7. Curve G: A semi-fl int c l ay fr om Br akpan shows progressive 

decrea se in poros i t y and .i ncrease in shrinkage i n t he test 

r ange ,char acter istio of t he kaolinitic clays. Thi s c lay 

has a good bur·ning r ange with a f inal porosity of 101 a t 

Cone 12 . 

8. Curve 1!l A se_ - f l int c lay from Ve r eenigi ng . This cur ve 

which a lso re . resent s a kaolin.i't_e type c lay i s s i mi l ar to 

t he pa t t e r n given i n Curve G above. 

9, Curve J: A carbonaceous semi-flint clay f rom Vereeni gi ng. 

The high porosity va lues are the result of b11rn ing out of 

coaly matter. The shrinkage remains cons t ant over t he 

enti r e r ange of Cone 8-12. A higher t empera ture is 

needed to mature t his clay properly and pre-c a.lcine t i on I 
is necessary to get rid of the troublesome ca rbon . 

10. Curve K; A semi-flint clay from Vereeniging. This c lAy 

has a good burning range. The final (Cone 12) poros i ty 

va lue is still higher than desirable, indica ting the 

"open burning" char acteristics. 
' 

11. Curve L: A carbonaceous semi-flint clay from Spr i ngs. 

Porosity is high owing to burning out of carbon, but not 

so excessive as i n the Vereeni gi ng clay (Curve J}. The 

shrinkage continues progressi"ely t hroughout t he r ange 

t e sted. 

Ref r actoriness Test. 

Like most or the other properties of clay at high t em­

peratures compara tive l y little is known of the mechanism 

of their fusion. Nort on (53) points out that in t he case of 

the silicates, t he bond strength holding the silicon i n the 

cantre of an oxygen tetrahedron is very strong . ~1d ~r obebly 

does not break until suff icient t empera ture to ruptur e the 

weaker bonds has been reached. Further, he states t hat when 

a silicate fuses, the weaker bonds a r e first broken and a ve ry 

viscous liquid develops which comprises aggre gate s of t he 
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silicon oxygen groups and as the t empe r at ure incr ea ses t hese 

groups are further broken up by the1•mal agitation until t he 

vi~cosity decreases. Attempts to correlate a tomi c structure 

with fusion have not been successful in t he case of cl ays because 

of t he complexity of the c lay minerals. 

The influence of a very small amount of i mpurit i es has 

very pronolmoed effect on the fusion point of clays and i n 

particula r the pa rticle s ize of quartz which is usually t he 

principal acce ssory. 

Method of Testing : Cla~rs have no shar p boundary be t ween the 

li uid and· s olid state and in consequence the def ini ng of a 

f usion point is di f f icult. The usua l method of t esting fusib­

i l ity involves the deter mi nation of the temperature a t which 

a specimen under a defined stress -v-v ill f low a t s pecified r a t e . 

T~is technique is subj ect to ex erimenta l di ff icultie s i n the 

case of clays and a more common method of de te rmi ni ng the 

fusion char~ete ristics of a clay is by comparing it with t hose 

of a series of standard pyrometric cones under similar con-

ditions in the same furnace. The test was carried out i n an 

oxy-acetylene fired furnace in accordance with A. S. T •• procedur e 

designation 0.24-42 on the selected clays togethe r with r ef er­

ence samples of Hissour i flint, semi-flint and pl astic cl ays. 

The results are reported in Segar Cones in Tabl XVI b elow:. 

Table XI, 

Refrac t orine ss of Cl ays. 

Sample 

Clay I 
Clay II 
Clay III 
Clay IV 
Olay V 
Mi ssouri f lint clay 
]. issouri Semi-pl as tic 
iss ouri Pl astic 

P .C.E. lio 

35 
34 - 35 
33 - 34 
31 
32 
34 
33 
32 

Temper a ture degr ees c. 

Summary and Conclusions . 

1. The l- .c .E . va lues of Clay I, II and III compar e well with 

that of Miss ouri flint clay, in fact Clay I shows one cone 

* yrometric Cone ~quivalent . 
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h,igher value. 

2 . Clay Iv has a P .c.E ~ value one cone l e ss t han t he 1. i ssour i 

plastic . In practice, i t has been foWld t hat considerable 

varia tion exists in the P . C.E . of t he South African plast ic 

clays , the range being from Cone 30- 33 . 

3 . Clay V possesses a good P .C • .!l . va lue for refractory clays . 

This relatively high va lue is interesting since t hi s cla y 

is known to contain a large amount of quartz . The expl ana ­

tion lies in the fact that the quartz is present i n coarse 

particles which act independently in the fus ion process and 

do not combine with the kaolinite to form a eutectic . I f 

this clay was very finely ground it probabl y would show a 

reduced P .c .E ~ 



Clay 
Minera l Composition . 

Ba$6 Exchange Capa city 
Water of Pl astic ity (%) 
Dry St,rength (p. s. i . ) 
Dry Shr i nkage (%) 
Tot al Shrinkage % (Cone 12 ) 
Fi r ed · Col our 
Fired Por osity % (Cone 12) 
Fired Bulk Density (Cone 12) 
P .C . E . 

Table XVII . 

Ana lytica l Data for Selected Clays . 

I II III 
Kaolinite ; Kaolin ite ; Kaolinit e 
luartz±5.0% 'Juar t z 5.0 - ~uar t z 10-

10~. 15%. 

5 50 15 
12 . 1 12 . 2 9 . 8 
38 . 8 177.9 140 . 6 
1.3 2 .. 4 2 . 4 
9 ... 7 6 . 9 7 .7 

white whit e white 
18.7 26 . 6 21 .7 

2 . 3 2 . 0 2 . 2 
35 34- 35 33- 34 

. ) 

IV v. 
Kaolinite ; ·Kaoli nite ; 
Illite (? ) Illite(? ); 
Q,ua.rtz ±''21.. :~uartz 35 -4C%. 

36 6 
20 . 8 15 . 2 

300 . p1us 80. 9 
5 . 7 3 . 1. 

14 . 6 5 . 3 
tan buff 
6 •. 1 30 . 5 
2 . 3 1.9 

31 32 -\)J 
>!) 
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Analrtiioa l Data f or Se lected C.lays. 

A t abula ted summary of t he mi nera l compos i t i on ,and 

ce r ami c behaviour of t he five selected c l ays is given in 

Table XVII . 

Summary and conclusions . 

1~ In general t he ceramic proper ties of the selected clays 

were i n good agreement with t hose deduced from theoretical 

oo~siderations-

2 . The plas ticity of Cl ay IV. was greater t han f or t he other 

s pecimens owing to the f ineness of t he particle size, pr e sence 

of organic matter , and t he occurrence of clay minerals (illite':) 

other t han the kaolini~e gr oup t This clay possesses a r elative ­

ly high base exchange . Clays I , II , and III are poorly 

pl astic and all re pr esent good kaolinite t ypes with quartz as 

t he principa l accessory m.ineral; clay II contains carbonace ous 

matter . These clays all possess lm~ base exchange capacit ies, 

Clay V which i s composed of ka olil}ite and a l ar ge .amount of 

quartz and possibl y non-lcaol inite miner a ls had a hi gher base 

exobangEl ~~pa~ity than Clays I , II , and III , but l ower than 

Clay I V, This clay i s f airly pl astic. 

3 . The dry strength and drying shrinl-cages of Clays I , I I• and 

III , t he predominant ly kaolinite types , are low compared to 

Cl ay IV and v. The drying shrinkage of t he c l ays wi th l ow 

base exchange capaci t y re presents a small er propor tion of t he 

tota l shrinkage (both drying and firing ) than t hose of higher 

base exchange capa cit y. 

4 . Clay Iv has lmver r efractoriness and shows t he mos t 

pronounced tendency to sinter of any of the clays examined , 

whi ch is to be expected from the hieher a l kali content f or 

t his clay, and f urther , t his clay burns to a tan colour •. 

Tl1e pre sence of non-clay miner a ls (illite?) which contain 

al kalis or a l kali earths eithe r within t he lattice or as 

ads orbed ions togethe r with iron ;, woul d account for the 

di fference in behavi or from Clays I, II and III which are 

/ 
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The tend ency of s om.e s . .,uth Afr i c rn refractnr:v cl avs to 

h ave a.lum~ n r-1 contents p:Y'e ~ ter than t he nronnrtinns lndt c t ed by 

the formul a A12o3 .2Si02.2H20 for vn olin ite h~ s long been recog­

nised. 1.Va..&;ner (1) in 1916 called attention to t'tis fac t in hi s 

investigr>tl 'm of clays nt Oli f !'ntsfontein and he SlH!'!!ested t hl'l t 

t he eYcess a.Jumi n P prob Pblv extsted in the cl ~ys in t h e · form 

of t'be m~ ner~l s bau"~ri te or nhnlflri te . 

One of th e d1ff1Cllt1es in ey!l1TJ.1ning the c nm_nosit~.rm 

of t h e c lPy "'1 ·i n erA1 s in commerc1 a l cl nvs 1 s to ohtnin a nre 

spec imen free of auartz And other Pccessories. For th e nur~ n se 

of t h is inv est • ;:t t ion a s r.: r•le nf Snuth !lfr i c Pn h ·1 gl, a lumina 

clay whi ch sho~red no · rmartz or er:vstnl line alu nini,,m hydr::1 t e s 

(I. E., d "a spore, boehmit e, ::1nd ,g.::tbbslte) in X-ray examinati on 

was sunnlieo by the . at-t onn l Chemlcrl Labora tories. Th e X-ray 

p~ t tern f or t hi s spectmen a o-ree s well vr~th nub11shen dD ta f nr 

'ka olinite (see pa ~e 102.) Tfey stek~· re-.,or t s t hn t c-1 i ff e:rentt . 1 

t her 'l'lal ,qnalysts of t his c lPV rrives a gond lrqolint te tvT>e c11 rve. 

Calc,Il '"' ti nn of the Si02 : A1 20 3 r Pt1o gi ve a VPl, ,e 0f 1 . '72 

:tnd1 c .-. t,i g P higher ah m nn c ontent than rea1 iren tn saH f: f v 

t e 1r1'1nl1ni te forrrt11l a. 

It i s . 0ss:thle t h n t the eytra al11m·~ na mov be a cc m nted 

f or by t e pre s ~nc e nf a. Sl'l'ln ll_ amount of " ~'l'lornh l')1 s ba., ,~-r t e " 

or allonhRne PS ~, ~~ested hy Ross n Kerr in their investiga­

t ions nf Polln -t te s and th e"'! n o i t nut th t sn ch mr->teriP l mny 

esc n e d etect ion (pres11'1'l · hl y y on t~. 1 P 1d X- r,::ty st11 d~ ) in ex­

tremely ftne &~:ra ined mRte-rial esne c ~ally i f verv thin films 

0f c 0l lo;d . l su11 s t,nc e s fnrme0 c 0 ttngs on t h e surfa ces of t,_,e 

cryst.,.l s. (29 ) 

* Persnnal C()''•J.municAti.nnl 
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A more probable way of accounting for t he exce ss 

alumina in t h i s clay . is by r ecognising t he existence of 

a member of the kaolinite-anauxite series which is hi gher 

in alumina than the 1 : 2 ratio.~ . Ross and Kerr ( 29 } 

point out that there is no essentia l difference in the 

optical properties or X- r ay patterns in the high and low 

silica members of the kaolinit8 series, a lthough the 

members of the s eries are shown to differ recognizably 

from nacrite and dickite in such examinations. Fur t her 

they found that the a lumina - silica ratio of 1 : 2 

presc r ibed for kaolinite is not constant but can vary 

f l' Om 1.7 to 2 .•. 9 .. . Under these conditions the cl ay 

mine r a l represented by t he specimen could be r egarded as 

occurring in the high a l umina range of the isomorphous 

series brought about by the substitution of Si f or Al. 

Examination of one specimen can hardly yield 

sufficient information to permit generalization however 

t h is investigation doe s suggest a va lid premise for at 

l east one way in which t he high alumina clays in South 

Afric a may be accounted f or. Further work , preferably 

wi t h quartz free s pecimens, is required to pr'ovide a 

complete answer to t his problem. 
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. ' 

Variat i on~ in Cera~i c Properbie s ·nf Mi ddle ~6ca 

Refractor y Cl p,ys . 

General s tatement, 

J"s previously stressed; the r i ddle Eooa refra ctory 

clays a r e terrestria l de posits and as such ar e subject to 

changes in lithology within short distances, Variations in 

ceramic pr operties corr esponding to these changes in lithology 

have long been known to clay workers . 

The purpose of this investigation was to determine the 

effect of the geologic f eatures of t hese deposits on mining and 

m&nufacture . 

The area select·ed for a detailed study is in the Vereen­

ing district , an · important refractory clay producing field. 

~hila the r esults obtained apply specifically to the area 

studied. tl:ley do offer a basis for some generalisations 

applying to the Middle Ecoa Ref ra ctory Clays as a whole • 

Procedure . 
- "N>····· ..... ·~;p_._ . ........ -.~· 

Geologic Sections . 

Exposures of Middle Ecoa r efractory clay be aring 

strata in two adjacent pits near Vereenig1ng were car efully 

sampled. The s ampling inte rval between sections was 200 

feet and the distance between the pits wa s 400 feet . The 

s amples t al{en were representative of the clay seams encountered 

on the vertical f ace . Geologic seoticma , pre pared f rom the 

field data , are given in Figure 34. Lithological details for 

each section measured are shown in Table XVIII . 

Ceramic Properties . 

The samples , after visual inspection, were crushed in 

a laboratory jaw crusher and screened through a 4 me sh screen . 

The minus 4 mesh mate r ial was furthe r screened through a 

6 mesh and a 48 mesh screen . The resulting fract i ons 

were blended acc or ding t o the followi ng mi xture which was 

selected from accumul ated data on plant tests: 

5% through 4 ~~ on 6 m~ 
75% on 48 mesh. · 
20% through 48 mesa, 
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':flhi · pr ocedure e,i vas oons'tan t gr aJ.n s i zing unc1 rn.ini mi ZElS 1Ule 

ef fect of t h :t s var ble 1J hen comparing t he tes t bars . Afte r 

gr a in sizing the material wa s tempered with water t o dry press ­

i ng .consistency by feel and judge-ment of the opera tor , who adds 

water until the clay just clings together when squeezed by 
\ 

hand , About 8-lo% water was required . ' After thorough 

mixing by hand t he ol ys were allowed to age 1n'"'c1osed cont ain­

ers for 24 · hou;rs to ensure complete distri button o.f' moi stur e :t 

It was i"o~ 1;i:A~ t ld s procedure greatly increased the ark­

ability of the dry press .mix , a tact confirmed ~1 ·plant tests . 

A ru:~all sample of' the ground material was tested separately f or 

plastioltv which W,!lS determined by feel . 

ln · fo:tmng the t e s t bars , a constant weight ot 1 pound , 

l t)\\!lce of clay wa.s we ighed out and pressed into bars lt" x 

,_2?;' 'x 43" -.on a hand press . Four test bars were made up for 

each sample •. The test bars were dr1~d on the hot f l oor and 

placed inn dovn-draught kil n along with regul ar fire brick 

production rand burned to cone 12 . The test bars were purposely 

:fired under commercial conditions in this t eet . The followi ng 

tests were carried out on the tired bars: 

A. eysioal Appearance . 

A 'r:oLaual examination nf the fi~ bar s was made t o 

note the impurities such as i r ?n, manganese eto ., present . 

'rhe burned behaviour , inc luding any tendency to warp , bloat , 

or soften was a ls.o noted . 

B. Total Shrinkage . 

This was obtained by caretull y measuring the length of 

the fired bar and oaloul ating tho ehrinlcage based on the or i ginal 

green length. 
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Table. XVII I 

Geologic Sections at Ver eeniging . 

Ea st it. Section No. 1. 

Thickness. 

0 ft. 
4 ft. 
5 ft. 
2i ft. 

3 ft. 
2 ft. 
i tt. 

1 ft. 
2 t't. 
1 ft. 
2~ ft. 

2Si ft. 

East it. 

Thiclmess. 

41; ft. 
3 rt. 
3/4 ft~ 
! ft. 

3! ft. 
22 ft. 

4 ft. 
i ft. 

1 ft. 
2t ft. 
1 ft. 
4 ft. 

27t t't. 

Li t holo.£Z:_ 

Overburden, l oose s and and gr vel. 
Semi-flint clay, thin bedded. 
Semi-f lint clay, thick bedded. 
Silicious refr actory shale, thin 

bedded. 
Semi-flint clay, thick bedded. 
Varicoloured sha les. 
Pl astic Clay, black . 
Semi-flint c l ay, thick bedded. 
Pl astic clay, blac • 
Semi-flint clay . 
Semi-flint clay (carbonaceous). 

TOTAL. 

Section No. 2 . 

Lithology. 

Overburden, loose sand and gravel. 
Semi-flint ' clay , thin bedded. 
Semi-flint clay , thick bedded. 
Silicious refractory shale, soft. 
Semi-flint clay , thick bedded. 
Silicious refractory shale, thick 

bedded. 
Semi-flint clay, thick bedded. 
Pl astic clay, black. 
Semi-flint clay , thick bedded. 
Pl astic clay, black . 
Semi-flint clay . 
Semi-flint clay , (carbonaceous). 

TOTAL. 

East Pit. Section No. 3. 
Thickne ss. Lithology. 

4 f't. 
4 f't. 
3 / 4 ft. 
4 t't. 

3t ft. 
2 .u ft. 

4 ft. 
2 ft. 
1 ft. 
4! ft. 

30i t't. 

Overburden, loose sand and gravel. 
Semi-flint clay, thin bedded. 
Semi-flint clay , thick bedded. 
Sillcious ref r actory shale, t hin 

be9-ded. 
Semi-flint clay, thick bedded. 
Silicious refractory sha le, thin 

bedded. 
Semi -flint clay, thin bedded. 
Plastic clay, black . 
Semi-flint clay. 
Semi-flint clay (carbonaceous) 

TOTAL. 

Sample No. 

1 .. 
2. 
3 .• 
4 .• 

5. 
6. 
7. 
8 . 
9 . 

10. 
. 11. 

Samnle No. 

12. 
13. 
14 . 
15~ 
16. 
17~ 

18. 
19. 
20 . 
21. 
22. 
23. 

Sample o. 

24. 
25. 
26 . 
27. 

28. 
29. 

30. 
31. 
32. 
33. 



~ e st t . 

Thickness . 

7 f t. 
12 ft . 
1 f t . 
3 f t . 

3 ft . 

1 ft . 

5 ft . 
2 ft . 
2 ft . 
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Ta bl e ' VII I{ cont •d ). 

Sect ion No . 1 . 

Lithology . 

Overburden, l oose sand and gr avel . 
Semi - f lint cl a y , t hick bedded . 
Ye llow shale ,, thick bedded . 

i l i cious ref r actory sh le , t hin . 
bedded . 

ilicious refl'~~ tory shale 1 (red 
concretions} , thi n bedded .. 

Yell i sha l e , (topped by 1" seam 
of limonite) . 

Silicious ref r a ctory sha l e .. 
Semi - flint clay . 
Sem.i - .fli nt clay , (carbonaceous) . 

OTAL 

vest i t . Section N • 2 . 

Thickness . 

1 f t . 

5 ft . 

2 ft . 
3 ft . 
1 f t . 

1 ft . 
1 f t . 
1 f t . 

31· ft . 

"est it . 

Thic ne ss . 

7 f t . 
5 ft . 
2 f t . 
1 ft . 
21!- f t . 

2 ft . 
:lJ f t . 
~ft. 

2 ft . 
6 f t . 
1 f t . 

IJ. t hology. 

Overburden , loose sand and gr ave l . 
Semi - flint clay 1 t hic be dd.e d . 
Ye llow Sha l e , blockey . 
Si licious r efractory shale , with 

some bands of yellow slull e . 
Silicious refra ctory s ha le and 

yellow sha l e interbe dded . 
Silicious rerractorbe~~~a~ · t hin 
Silicious refra ctory shale . 

e.mi- flint clay, { carbonace ous ~ 
Semi - flint clay 1 carbonace ous , i .nt e1' ­

bedded v i t h li oni t e • 
iliciOJIS refractory sha l e . 

Silicious r efractor y sha l e . 
semi- flint c lay • . 

TOT L. 

Section No. 3 . 

lit hology. 

Over burden, l oose sand and gr ave l . 
Buff shale, t hick bedded . 
Semi - flint clay. 
Yellow sandy shale . 
ilicious re f r actory shale , thin . 

bedded . 
Plastic clay , bro n . 
Silicious refr actory shal e . 
Silicious r efr a ctory sha l e i nter -

bedded wi th pl a sti c c l ay . 
Silicious re f r actory sha l e . 

e i - f lint clay , (car bonaceous) . 
Flint clay. 

TOTAL . 

o . 

1 . 
2 . 
3 . 
4 . 

5 . 

·o. 

7 . 
e. 
9 . 

Sample No . 

10 . 
11 . 
12 . 
13 . 

1 • 

15 . 

16 . 
17 . 
18 . 

19 . 
80 . 
21 . 

Sampl e No . 

22 
23 . 
24 •. 
25 . 

2Eh 
27 . 
28 . 
29 . 

30 . 
!31 . 
32 . 



• 

\'.'e st it. 

Thiclmess. 

7 ft. 
3 :rt •. 
6 :rt. 
4 :rt. 
2 ft. 
4 ft .• 

26 :rt. 
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Tablexvrr r (cont 'd ) . 

Section N • 4 .. 

Lithology .• 

Overburden, loose sand and gr avel. 
Buff shale, thick bedded. 
Silicious ref'raC?tory shal e ; thin 

bedded. 
Siliclous r~fractory shale, inter­

bedded with pl astic clay •. 
Silicious r efractory shale. 
Semi-fl int clay, (carbonaceous)., 

TOTAL • 

Sample No. 

33. 
34 . 
35 . 

36. 

37. 
38 . 



Ge o logi c Loca t ion . 

Sect ion 1, No : 2 

3 

4 

5 

6 

7 

8 

9 

Sec t i on 2 , No :ll 

r­-~ 

12 

13 

14 

1 5 

16 

17 

18 

1 9 

Photo No : 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2 

13 

14 

1 5 

1 6 

17 

Tab]..e XIX 

DATA ON RAW CLAY SAMPLES FROM WES T PI T . 

Har dness 

S . F . 

S . F . 

s . F. 

s .F. 

S . F . 

S . F. 

S . F . 

F . 

S ; F . 

S . F . 

S . F . 

S . F . 

S . F . 

S . F . 

F . 

S . F . 

S . F. 

Co l ours 

Tan and Grey 

Buff 

Ta n 

Tan 

Bu f f 

Re d 

Red wit h d a rk 
purp l e seams . 

Bl a ck . 

Grey 

Grey 

· Red and Yel l ow 

Re d 

Re d a nd Buff 

Re d wi th Bl a ck 
s treaks . 

Bl a ck . 

' 

Pl a.s tic i ty 

oor 

Fair 

Fa i r 

Fa ir 

Good 

Fai r 

o or 

o o r 

P oo r 

Fa i r 

Fai r 

oo r 

Fai r 

Poo r 

oor 

Bl a ck t i nged with Poor 
Re d . 

Re d . Poo r. 

S tructu r e Remarks . 

Thi n Bedded Shale . Small Bl ac k Specks (Grit ty ) 

Thin Be dded Sha l e . Yellow i r on s t a i ns (Grit .) 

Thin Bedded Sh a le. 

Blo c ky 

Blocky 

Thi n Be dd ed Sh a l e . 

Bloc k y Shale . 

Thin seams o f Limon i te 
(Grit .) 

Small amount of Mangane s e , 
yel low iron s t a i n s (Grit .) 

Yell ow tin t s of i ron 
present . Some Grit. 

Br own iron sta ins i n joints 
(No Grit.) 

Pur .f! : e b an ded . 

Thi c k Bedd ed Shal e . Bottom Bl ~ck . 

'rh i c k Be dd ed Sha l e . Some brown i ron an d mang a n -
e se iron sta i ns (Gri t ty . 

Thin Bed ded Sha l e . Pinki sh tin t s , s ome ye l l ow 
iron s t a i ns a n d mangan ese . 

Th i n Bedded Sha l e . Some Limonite s t a i ns 

Th i n Bedded Sha l e . Sandy . 

Th i n Bed ded Shale . Some Mangane s e . 

Blocky 

Blocky 

Thick Bedded . 

Thi n Bedd ed . 

Pur ole Ban d . 

Bo t tom Bl a ck . 

Some Gr it. 

Sandy . 

(Gritt y ) 

I 
I-' 
~ 

f 



~able XIX, con t ' d . 

[)_ATA ON RAW ~ LAY SAMPlES jf 
Geol ogic Loc ati on~ Phot o No . Hardne ss . Co.Lour s . . . 

P..:!:_as~ c_1.tL. 

Section 2 No ~ 20 l -8 S !F , Red with iron Poo r 
sta i ns . 

21 19 F . Bl ack . Poor 

Se ction 3 No . 23 20 S . F . Ye llow Good 

24 21 S . F . Grey . Fair . 

25 22 S . F . Buff . Fair . 

26 23 S . F . Re d . Fa ir 

28 24 S . F . Red . Fa ir . 

29 25 S .F . Redd ish . Fair . 

30 26 S . F . Red with 
purpl e s tre aks Fai r . . 

Section 4 , No . 34 2? S .F . Gr ey Ver y good 

35 28 S . F . Grey and red Very good. 

36 29 S . F . Red Poor 

3? 30 S . F . Red Poor 
\ 

38 31 F . Black with Poor 
re ddish t i nts 

·-

S .F . - Semi - f l i nt t ype of clay . 
F . - Flint t ype of clay . 

ROM WE ST PIT { 2 
~ruc_~ure . 

Blocky. 

Thick Bedde d 

Thi n bedde d . 

Thi n bedde d . 

Thick bedded . 

Thin bedded . 

Thi n bedded. 

Thi n be dded . 

Thick bedded . 

Thick bedded 

Thi ck bedd8d 

Thi n bedded 

Thin bedded 

Thi ck bedde d 

J· 
Remar ks • 

Sandy c l ay . 

Bottom Bl a ck . Hard-. 

Sandy soft mat e r i a l. 

Cl ay , some mangane s e . 

Some manganese . 

Some grit .• 

Clay no grit , s ome grit . 

Pur ple banded • 

s of t sandy mat e ria l . 

No gr i t. 

Redd i sh t i nt ., yel low i r on 
sta i ns . 

No gr it. 

Some grit. 

. 

I 
t-' 
()1 

0 
I 



Photo NO : 

1. 

2. 

~ . 

4. 

5 . 

6 . 

7. 

a. 
g. 

10. 

11. 

12. 

13. 

14. 

15. 

1 6 . 

17. 

Mf g . Skg ., 

• 48"/ f t.c. 

~ ~l " ltt. c . 

• 44 "Itt • c •.. 

• 50"Ift.c. 

• 7s " 1 f t • c • 

• 48"lft.c. 

1.70"Itt.c . 

.4B"Itt. c . 

• 7 2 "I ft • c • 

.48 " /ft .c. 
• 48 "I ft .. c • 

. 32"/ft.c. 

.78"1ft.c. 

~ g4"/ft . c . 

• 61 "Itt • o • 

• 24"/ft .c. 

. 50"/rt.c. 

Reheat . 

2 . 2% c. 

3 . 2% c . 

.43% E • 

• 58% c. 

. 24% E. 

2 . 30% c 

• 82% E 

• ·58% c 

.47% c 

1. 60% c 

• 35% c 

1.·10% c 

2 .3 c 

• 36% c 

• 1 5% E . 

1. :50% c • 

. 45% c •. 

Table XI X, cont ' d. 

Cone 1 2 
Bur n 

Col our • 

Whi t e 

Tan 

White 

Buff 

Brown . 

White . 

Tan • 

White• 

White • 

Butt 

White • 

Br own . 

Buff. 

Mo t tled Br own • 

Br own . 

Bu ff. · 

White . 

c one 1 2 
Burn 

Ao pear anoe • 

Some i ron spots .· 

Ev en cul our . 

:Jo.u1e iroa s oots . 

So.rue iron spots .· 

Hi gh i n iron .· 

~ ome i ron s 00ts • 

S0 rne i ron spots • 

Fr ee f rom iron s oots . 

Fr e e from i ron s po t s . 

Free f r om i r on spot s . 

Fr ee f r om iron s oots • 

Ve r y i rony .~ 

Some iron s pots . · 

~ ome iron s pots • 

Ver y i r ony • 

Fr e e from i r on spots . 

Free f ro.ru iron . · 

Remarks . 

Hi gh i n f r ee ·s i lic a •' 

Abno rma l a f t e r shr i nka R..e . 

Good r efr actor y cl a y. 

Poor bond a t Cone 1 2 • 

Reheat expansion due to ov er­
fi red bl oating . 

Aft er s hr i n ka ge hi gh . 

Aft er e xpansion due to c r a c king . 

Good ~e fra ctory cla y • 

Good re f r a c t ory c l ay . 

Si l ic f ous c l ay , h i gh a f t e r s hr i nk­
a ge• 

Gooa r efr a ctory cla y . 

Too irony f or us e. 

Af' t er s hr i nkage h i gh. 

Good r e fractory cla y. 

Expans i on due to ov e r t ire d 
bl oa t i ng . 

Si l i c i ous clay , a ood 

.Si l i c i ous c l a y , 
cla y . 

oo<i 

I 
f-' pi pe c l ay . -CJl 
f-' 
I 

r e fr a ctor y 



Table XIX , c~n t' d . 

BURNED DATA - \YEST PI T CLAYS ( 2 ) . 
Cone !2 1 

done 12 . 
Phot o No. Mf g . skg . Relieat. - Burn--~~- ---~ ~~- ---~------ Burn 

18 

19 

20 

21 

22 

23 

24 

?-"' 

26 

2.7 

28 

, 30" / f t . E . 

1 . 00"/ t tJ. c . 
. 76" / f t . c. 
. 6'1 "/ t t, c. 
. 32"/ft , a. 
. 32" / ft . c. 

.78"/ft . c. 
l . oonj rt . c. 

1 . 00"/ft . c. 
1 . 00 " / t t . c. 

. 78"/tt . c. 

3 . 00% c 

.79% c 
1-.30% c. 

, 35% c. 
3 . 80% c. 
1. 20% c. 

.48% c. 
, 00% C • 

..36% c. 
2 . 70% c. 

. 14% c. 

Colour . ' ~ _ A\.J!_p~earance . Rema r .ks .. 

Mo t tled Brown 

Buff Mo t tled 

Brown 

Br own 

Brown 

hite 

Br own d i scol oured 

Buff 

V'hite 

Buff 

hi.ot tled buff 

Ve r y i rony 

Some iron 

Some i ron s pot s 

Fr ee f r om i r on s pots 

Free from i ron s pots 

Hi ghly s i licious . 

omewha t hi gh afte r s h r i nka ge 

Hi~h aft e r shrinkage . 

Good r e f r actory clay . 

HigL a f t e r shrinkage . 

Free. fr~m i r on s.pots - Si licious c l ay . 

Some i r on s pot s Eai r che cl~d too d i s c olour ed . 

Some i r on s pots 

Some iron s pots 

Some iron s pots 

Slight ha i r ohe aking , good 
r efractory c l ay . 

Hi gh attar :Jhr i nkage . 

Slight hair shr i nkage , good 
ref r a ctory clay . 

2-9 . 94"/ ft . c. . 09% c. Brown Fr ee f rom iron Good r e f ractor y cla y . 

30 .13" / ft . c. . OS% e . White Fr ee f r om iron Good r efr a ctory c l a y . 
I 

}-J 

31 . 67" / ft . c. . oo% c. Buff Iron s pots Good r e fra ctor y elay . f ~ 



Table XIX', co:n t ' d . 

Dat a on Raw Clay Sampl e s from Eas t Pit . 

Geolo~ic Location . Photo No . Har dness . Colour . Pl a s ticit;l . Structure . Remar ks . 

Section 1 No . 2 1 S .F . Grey Fa i r Blocky Some grit . 

4 2 S .F . Red Fai r Thin bedde d Some grit. 
I 

6 3 Soft Brown Good Thin be dded No grit . 

7 4 Soft Brown Good Clayey Pot Cl ay . 

8 5 S .F . Gr ey Fair Blocky No g~it . 

9 6 Soft Bl ack Good Clayey Pot Cl ay. 

10 'I s .F. Buff Poor Thin be dded Some grit . 

+1 8 F. Grey Poor Blocky No grit . 

13 9 S .F . Gr ey Poor Thin bedded Some grit. 

14 10 S .F . Gr~y Fair Blocky No grit . 

15 11 Sof t Red". Poor Thin bedded Sandy . 

16 12 S .F . White Fair Thi ck bedded No gri t~ 

17 13 s . l!., • Red Fair Thic k be dded No grit . 

1.8 14 s:.·E ~ 
:~ Gr ey Fa ir Thi ck bedded No grit . 

. 
19 15 Sof t Blaok Good Cl ayey Pot olay . Jl 

·".N 
I 

20 16 S .F . Grey Fa i r Thick bedded No grit . 

21 17' Soft Bl ack Good Cl ayey Pot olay . 



Ta bl e XIX , cont ' d . 

Dat a on t . 

Geologic Locat ion . 'hot o No. Hardness, Colour . Pl ast i ci t y . Structure . :emnrlt:s . 

Section l NO . 22 18 s .F. Gr ey Poor Thick boddad lifo grit . 

23 19 I!"' • Bl aak Poor ·locky No P:rit 

25 20 S . F , Gr ey Fair looky No grtt , 

27 21 S .F . Red Fa i r ~~hin bed ded No g r i t . 

28 22 S . F . Grey Fa il" Blocky Ho gri t •. 

29 23 S .F. Red Poor __ :rn bedded SOID/.5 gl!' 1 t • 

30 24 s .F. Gr ey Fair Bloolcy No grit •. 
.............................................................................. ~ .................................................................. ~ ........................................ ~· .. --

I , 

,f:>. 
I I 



Burned Data - Eas t Pit C1a~ 

Cone 12 14oo 0 c .. 

Photo No~ Mf g . S kg . Re-heat. 

-
1 .17"/ft ~ - c . • 25% c. 
2 . -33" / f t., c. 3 . 00% c. 

3 .68" /ft. c .. • 14% E . 

4 • 69"/ft. c •. 1.50% c • 
5 . 26 "/ft. G. 4 . 00% c. 

"--) 

6 1.45"/ft.; 0.: 1.60% c. J\ 
7 l.J.6 "/ft. c.- • 47% c. 
8 1. 04'·' /rt ~· c . ,. 35% c. 

9 .45''/ft .- c • . . 26% c. 
10 • 03"/rt.o. 4 . 0% c • 
11 . 30"/ft. E. 2 . 8% c. 

12 . 29"/ft. c. 1.0% c. 

13 . 42"/f't.- c. . 36% c. 
14 • 63" /ft. c •. 1. 00% c • 
15 1.25"/ft.- C.· . 42% c. 
16 • 60"/ft. c. 2. 3% c • 

.~... . ! 

' . 

Tab l~ XIX , -cont'd . ~-

Cone _ 12 . 
Bur-nea: 
Colour. 

.J -· 

Cone 12 . 
~urne 
Appear ano.e. 

\ 
----- - ------- - -------- -~ 

\ 

White Some manganese s pots, ha ir che cking • 

White 

Tan 

Brown 

Buff 

Tan 

White 

White 

Buff .-

White 

Mottled 

White 

Mottled Tan 

White 

Brown 
Brown 

Some manganese spots , hair che cking . 

Some ha ir checking • 

Cra cked bad l y . 

Hi gh re~h~at shrinkage. 

Cracke d bad l y . 

Fr e e f rom iron, ha i r che cke d • 

Fr ee f r om iron, hair che cked.-

Some iron spots , hi ghly s i lic~ous.­

Manganes e spots, hair cheoke d.­

Manganese and iron s pot s ,. ha i r che cke d .-

Mangane se s pots , hai r checked. 

Fr ee f rom hair che cking . 

Hair che eked . 

Hair chec ked.= 
Hair cheoked. 

I 
1-' 
01 
01 
I 



Table XIX , concl ' d. 
c • 

_, 

-·-------------------------------------------------------------------------------------------
Photo No . 

l~l 

18 

19 

20 

21 

22 

23 

24 

Cone 12 l.400 °C . Cone 12 ___ _ ____ _ilime ~2_. 

Mf g . Skg . Re - hea t . · Burned Burned 
Colour . Appearance . 

1 . 44"/ ft . c. . 25% c. Brown Ha ir Che cke d . 

1 . 05" / f t. c. . 51% c. Brown Hair Checked . 

. 87 t1/ ft . c. 1 . 3% c. White Poorly bonded . 

• 19" / ft . c . 2 .1% E • Buff . Hi ghly silicious . 

• 02" / ft . c . 1 . 80% c . Buff Mangane s e s pots , ha ir che cke d . 

•83" / ft . c. 1 . 20% c. Brown I ron spots , ha ir checke d . 

. 49 "/ ft . c . . 96% c. White Iron s pot s , no ha ir che c king ~ 

1.57"/ft . c. . 69% c. Dar k br own Some iron , no hair che c king . 

___ , __ 

.. 

...... 

0'1 

"' 

I 
1-' 
01 
Ol 
I 
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C. e -IIea. t Bahavi our. 

'1\-q o t est bars of each l ot we r e asured ccurately in 

l ength with a ver nier c J.iper and then pl a ced in an oil f ired 

l abora tory f urnace. The furna ce as brought up to a t e :Per­

ature or 1400°C. 1n 3ft hO'ltrs and he l d at that t empe1•a ture f or 

5 hour s. Att ar t he t est pJ,ece s ~ere cool they were re ea sured 

and t he linea r changes not ed:. The p~sical a ppea r ance or the 

t e s t pi e ces wa§ s o examined for s i gns or over f iring or 

bl oating . Thi s simul ative test i s intended to evaluate t he 

fitness of the particular clay under temperature conditions 

preva i ling during the i r s e.rvice life . 

D. Lefr actor iness. 

The P . C.E . test as desc r ibed in ection IY vr s ca r r i ed 

out on t he more prOmi sing sampl es. 

hotogr aphs of the burned bar s a .e included in Fi gure 

34 a lo·ng with t he geologic sect ions . 

Tes t s done on small bar s yield results nhich be ar a 

relative r e l a tionship t o wor on f ull -sized brio , and s uch 

data can be used effectively as a ·basis of c ompari son. 

~ esults or the ceramic i nvestigation r e t abula t ed in 

Tabl e . XI X • • 

Summary and Conclusions . 

1. The c eramic investi gation brings out the pr onounced vari­

a tions in properti e s of t l e st rata even ~ hen sanpl od ;ithin a 

r e l a t ive l y smnll ar ea , a f eature which i s gener ally character-

istic of t he i ddl e · cca Re f r actory clays . l> 

2. The need f or cure:tul s orting i s el!lpha.s i Zed . I n ost 

ca ses an de uate c l assifi ca tion can be made on the bas i s of 
r_,'k~ -1/_../ 

visu .1 inspec t ion a long ; h~Jevar , di ffer ences so.me t tmes exist / 

vJhich ar e not easily de tected by thi s noons 1hich give rise 

t o manufactur i ng troubl es . 

3 . A progr anme of sampl ing and t esting pr ior t o mining is 

desi r able t o minimize r oduc.t i on di f fi cultie s and maintain 

_:ua l ity s t a nda r ds. Thi s can be mos t effectively a.cco plished 

by a r r an i ng !!lining operations SQ as t o ena bl e sam l e s of ex-

posed s tr ta t o be de up in to t est bar s and ex · ned before 
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Note: One South At,rican manutac.ture2' arranges to have such 
·~· .. · ... : -

test results in ,the hands of the mining foreman at least a 

week before the clay is mined and f2'om them he plans selectiTe 

mining operations-
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Prelimina ry Investi -. tion of t h e I~prov ement of Sou t h fr i ca n 
~l - ys t h r ough pH Control 

Gen eFal St a tement 

C n s , n one t e L -

provem nt of t e r b t an t r n aLt1e s s , by 

r uer al 1 1 tre "11nt ,. an t _e . esn t of th e n st ::> t n s 

re en C"l. f i e l ~ nt test . (37 , 3 ) It w s f n in 

many c se s t n t if the c 1ty or 11 inity n t .e clay mas s wa s 

c tr ll ed wit in at er n r~ w l i ts n rec j b e i rove"!len't 

w s mr1 ~ e in em n f c t r"n . e . v n _r of the cl ~ s . e ydro-

gen- irm c onc entr 1 n of H off s a t rue me s re -of the activ e 

a c i t v or :::1 1 a 1n ty , an t l-Je e se of m S Jr ng t l pronerty 

es it neff ct i ve cnntr 1 f r j stin~ he c y m s to nro-

d ce .e o t m m 1mnrovement in physic r n ert es . eca se of 

its c .e nne ss an eff ect .venes s , 1 m c ~ rbn t e i s t he us1 al 

c e 1c ~l c nm~ o1 nc sed to P )ust t e pH of cays . 

It h s een f und t h a t a curve s o in H vs . sod um e r -

onRte dd tt on i ll 1 sua.l l y s Ply tion n t e cl PYS t t 

wi.ll 1.nd1 CPt e l;e pr h Pble r e s1 1 ts o t l nble by a t ent of 

t e • Accnrd i lv , a seri s of s ch C11rves 'l s p ep r e f r 

v r i s s , les f c ere 1 S 1 t . fr ic n r efractnrv c . ys in 

er to d e erm"ne th e effec t of s ch t r eR t · e t . 

Bxper~menta~ Procedur~ 

The meth d 01 t ne in Bqrk r nd Trt n PS f ollo rer! in 

nrep !:! rin . t he s mnles . ~ "11mP r oft e proced re is P S follo~ : 

To a s eries of 20 m sa n es of clPV 1 a ers , 5 cc of 0istil~ed 

'lPter we e ~ de t o ea c -t_ t h vPrv!ng amounts of sod um CRrb nate 

r an n f rom 0 . 2~ to l.o~ · of t e wei ~ t of t he clay. .fter sti r -

r ing oecas~onally the H of t h e sp ec me s WPS determined ~i th the 

eckm n pH meter . 

Sample A 

" !I ff 

ft 

ft 

" 
fl 

B 
c 
D 
E 
F 
G 

Descrip tion of _ Samp~e-s 

s1 1 r f r ctnrv s Ale . 
grey , nt c lay . 
soft black 1 s ti c cl y . 
black s emi - flint clay . 
p1 rnle semi- flint clay . 
black f lint c ay . 
b1 f f se 1- flint cl ~ · 
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~ I ·- ~ ' ., ~I ' !' j • ' ,.. - f .. ..... ...- t * , • ... t ~ 'il 

a ed a e a s f o a: 

p r cl ys 

Sample 
wi t h varyi ng perce~tages of Na8co~ add ed 

o . o~ o . 2~ o.4% o.6% .R o.r% 

B 
c 
D 

F 
G 

7 . 0 
6 . 5 
6 . 4 
6 . 9 
6 . 9 
7 . 0 
6 . 5 

ote: p of istill d ~ ter 

9 . 6 
9 . 6 
7 . 6 
9 . 5 
9 . 4 
9 . 0 
9~3 

s 6 . 4 

9 . 8 
9 . 9 

. 1 
9 . 7 
9 .7 
9 . 3 
9 . 6 

9 . 9 
10 . 0 

: . 4 
9 . 7 
9 . 
9 . 7 
9 .7 

10 . 0 
10 . 0 

. 6 
9 . 9 

10 . 0 
9 . 9 
9 . 9 

The res lts of t i s n re sh own on a cco p ny n c rve s in 

Fi r e 0 . 

Remar _ s \ 

not ce ble c ar cterist c of s m les C and D s the 

rel tive 1 n t h of t ime r ea i r ed for t he1 r re in t0 ec ome 

const n t . is j nomenon s nom as "dri ft" , and is ch racter-

istic f sl . t y b ff e e s 1 t1 n s w ich ch n e i n H a a 

res l t of bs r t n evolut '•'0 n- f CO or 0 , t c. Dr ft is 

also served . en ch em cal efl t .ons of any n ture tA_ e "1 1 ce 

i n t e solut ion . s~m 1 s and s o .-ed .t le dr ft ev en i th-

t t e d iti n f u f f r s . o e r ft os n ed in un uffered 

l es f cl y s D, ~ , nd G, ut t e en cy 1 s lly sap-

1=1red en t e s d m e n b n e dd ed , t e f rst deere sing 

w"t t e a" ltt n f t In t e CAse of cl R. s :r d 

F dr if t ,-·ns · n t ,..., , T'e t f .e r the a.CI. . t n of 0 . 2~ of Na.2c 3 • 

The t en e cy d sa n ar d n s a 1es C, D, and ft r a 0 . 4% 

add t i n of Na2oo3 . 

Summar y and c-nclusions. 
1 . 1 of t e c1 vs e P · n ed ere sh wn t be a r a1 _y non-

c d . 

2 . Fr m t e c ve s i ven , it is intere n . t o note tat 

SA . es A, B, D, E, and G all f wi t in t e SPme nRrro 

on tim m of t o 10 . 

S n e C, c 1 t1-J.e ly nl t. c cl :v e n ined , s o ed 

mar ke va ·i c t i. rm 1 p . e vi 1 frn . t e 0 er 1 s , 
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- t ., ., • , ~. .- I ' ~ t • J .c • J I ..,. ~ . ... .. . --·- ..... .. . .. 
wi. th t h e addi t-t n of alkaJ i • It s c r v e ho red n tendency 

to flat t en ou t wi t h in t h e r ange or Na2co3 add t inns made. 

4.. Sa"'l . 1e F d d not show a s pron m eed an ef fe ct in fl at tening 

in the presence of i ncr eased amounts of Na2co3 as samnles 

A, B, D, E, and G, but lies s n111ew .er e b eb "een these clays 

and elay C in effecti veness. 

5. The curves i nd i cPte t ""' e possi b ilities of the poorly pla stic 

cl ays bei ng amenable to alkali treatment with about 0. 6~ 

Na2co3 , and t h is inf0r mR ti on offers an interest~ ng b sis 

for furthe·r ~.nve stt ga. t 1on. 
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OF SOUTH FRIC A 

HI TORY 

Fireclay bric.kn a r e kno n to huve b en r tmufuoture<l a t 

V r een i ing i .n 1891 when such bricks ware prod.uced Ht the 

old Works of the Vereeni ui ng Brick nd Tile Company , Li rdtod, 

under the supervision of .tr. Buchana n, p l ant en ineer. 

Vereenigi ng- made fir ebricks in those days wer e transported 

by ox-wagon a s t a r a fi eld as Kimberley. 

Firebrick were a l so ma de a t Olif'ant s fontein befor e the 

An0 lo-Boer war, and a nWllber of '~mall pl a nts on t hH Reef' 

a ppa r ently produced some of' thi s type of' 1.-vare during tha t 

period; however, deta ils on theso earli er ma nufa cturers are 

obscure . The output or th~ early producer s wa s yener a lly 

quite s a ll, pri ncipa lly beca use t he tott: l demand for fir e­

brick iVBB not i mporta nt i n · Sc ut h Africa during t hose year s . 

The f ir br ick r equi r ements for ea rly i ndus trial Ectivities 

on t he itwa t er nr nd wer e ener a lly .met by ov er s as sup li ars, 

particularly in t he f i eld of' assa y ar e in which r. r eat 

Brita in became the principal ship r. 

I ndustr i a l expans ion on t he '¥ i t · a ter s r e.nd f ollmJi ng 

the An lo-Boer war , i ncr eased the de.mand tort irebrick and 

more local producers be an t o enter the field. The fir s t 

manut cturers of firebrick wer e t hose pl a nts which had b ~ en 

pr oduci ng buildi n brick. Among the earli est cont enders tor 

the domestic ma r ket wer e t he Vereenigin Brick a nd Tile Company, 

Limi t ed, the Consolida t ed Rand Brick Pott ery nd Lime Company, 

and the Boksbur r Br i ck & Tile Com any. World 1ar 1 brou ht 

about i ncreased demands for f i r ebrick , nd s oon a fter the 

wa r period t he Uni on Fireclay Com ny , t he Economic Jl'iroclay 

Company, · nd t he ,l ~in Firecla y Company c me into production. 

The manufacture or a s say ar e \a s s oon t aken over by domestic 

producers and ~11 m nuf a cturer s began to expand production 

of fireclay, brick, nd til durin the t wenties and thirties . 

The ri se of t h s t oel i ndustry ·uve a gr ea t im.pu tus t o loca l 
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firecl ay manu f a cturers , and c lose co-oper a t i on bet ween the 

s t ee l i ndus t r y and the bri ck manufa ctur er s r esul t ed i n f urther 

growt h of the i ndustry . 

The · dv ent of vorld Va r II caused the lo ca l f irebrick 

i ndu st ry t o be f a c ed i th the production of a ll of t he dome s t ic 

r equir ements because of the diffi cul t y in obt a i n ing ov erseas 

ma t er i a l s. For t un t el y pl nt expansion and modern i za t ion 

wa s under way be fo r e the war comm n eed and t hes pro r amr e s 

wer e inc re s ed to enable domes t ic supplie r s t o meet a ll loca l 

needs and t o s uppl y nei ghbouri n countries as vel l. This 

period wa s one of gr ea t t echn i ca l l:l. dvance f or t he l oc a l i n­

dus t ry , and fo l lowi n the wa r the dome s t i c pr odu cers have 

ret a ined the i r advantaue over over sea s su p l i er s . 

ffi OOOCTI ON- - EXPORT AND I MPORT 

The manuf ctur of cl a y re fr~:J. c torie s i s a v ery i mpor t a nt 

sec ondar y i ndus t r y i n s outh Af r ica . The t r end of pr o duc ti on 

of cl ay r ef r actorie s from 1 935 t o 1944, t h e l a s t ea r for 

which publ i s hed s t a tist ic s ar eava i l a ble , i s shown r aphi cally 

i n Fi gur e , whi ch wa s pr epa red from estimat es ba s ed on 

ex i s t i ng da t a f or product i on of a l l types of r efra ctory 

pr oduct s for t he se year s ~ Pr oduction incr eases dur i ng the 

war year ::.r- ef lec t .ed t he expans i on and t e chni ca l advances , i n 

p rt icul a r t he applica t i on of t he t unne l kiln ma de by l oca l 

manu f a ctur er s . The i n cr eas ed demand s of expa ndi ng c onsumer 

i ndu s tr ie s , espec ia l l y iron and s t eel, ac cel era t ed d ome s t i c 

ou t pu t. The clay r efr a ctor i es i ndu st r y r ec eiv ed pr ef er entia l 

a tt ention ~ur in the wa r year s b ecause of i t s vita l s upp ort of 

the \ r i ndu s t r i es , nd output wa s i n cr ea sed t o meet t he domes­

tic r quirement s ·in t h e Union a nd a l l ne i ghbour i ng countries 

a s wel l , s i n ce South Af r i ca wa s virtua lly cut of f from ov er s ea s 

suppl i er s of t hese commoditi e s as a r sult of l a ck of trans­

porta t ion. 

*Census of In~1 str" R l EstRb ishment s , Gov er nmen t Pr i nte r , Pretoria 
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Prior to t he war , subs t antia l a ount s of cla y r e fra ctor­

ies w r e obtai ned from overs eas sou r ces . Cons i dering tha t 

cla y r e fra ctories gene r a lly have a 1 economic dens ity (value 

per t on) t he develo men t of t he domestic i ndus try ha s a f f ected a 

l a s ting economy nd pr a ct i ca l l y mad e t he Union self- suf f ici ent 

in the suppl y of thes e m t eria l s . The trend of i mports and 

export s of cl a y r e fra ct or i es be t ween 1935 nd 1 945 i s ill us t r t ed 

by t h e r aph giv en i n Fi gur e 35. ~~ The pr i ncipa l r e - war suppliers 

of cla y r efra ctori e s i ncluded Gr ea t Brita i n , t he Un it ed St a tes , 

and e rmany. 1 ft er the war, t he cus tome r s for Union ma de prp­

ducts i ncluded Souther n Rhode s i a , Norther n Rhode s i a , Be l gi an 

Con o, a nd Portu ue se Ea st Af r ica . 

LOCATION 

The clay r efrbct ori es ind us try of South Africa i s conc en­

tra t ed in t h e Sout her n Tr ansvaal wher e f avour a ble d epos its of 

r e f r a ctory c l ay a r e loca t ed . Thi s concent r a t ion f ortuna t ely 

coi nc i des with t he 1na j or i ndus t ria l di s t r ict s and pr i ncipa l 

coa l f i e l ds of t he Union . The se r oduci n centres ar e loca t ed 

a t Ver eenigi n ", Oli f ant s f ont ein, Boksbur g , and Springs. 

The early pl ant s were loca t ed primarily on eogr aphic 

ba sis i n the pr oxi mi t y of the r apidly expanding consumer centres . 

The geologica l f r ctors v er e s econdary , owing t o t he f or tuna te 

occurr enc e of ext ens ive depos it s of good fir e-cla y in t h e pr ox­

i mity of thes e con sumer centr es . Until r ecently, t he pl ants 

ha ve been loca t ed a t the s it e of the cla y depos it s , but r ec ent 

trends i nd ica t e t ha t as work bl e depos its a r e exhaust ed, the 

producer s mus t s e rch further a fi eld. Transpor t a t i on ha s 

a l way s b.een a big f a ctor in the eva luation o f th e commercial 

possibilities of r efra ctory cla y de , os it s , s o t ha t ev en toda y 

only a portion of the cla y r eserves can be worked economi ca lly. 

Coa l, wa t er, and e l e ct r ic power ar e r e l a t i v el y cheap a nd a c ce ss ­

i ble at a ll of t h e producinG c entr es , fhi ch has t ended to k eep 
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the producin centres clos e to thH cons umer centres . 

STATUS 

Ther e a r s i x pl unts i n t ho Union producing cla y r ef ra c­

tori es t pr es en t, a s enuro.er nt ed below: 

1. Boksburg Brick and Tile Cc., Ltd ., Boks burg 

2. Consolida t ed Ra nd ~rick Pottery a nd Lir11e Co. Ltd.. , -
Olifa nt s font ein 

3 . Economic Firecla y Co., Boks burg 

4. El gin Fir eclay Co., Ltd ., prings 

5. Union Firecl ay Co., Ltd., Boksburg 

6. Vereeni ai n5 Brick a nd Ti l e Company , Lt d ., V .ree ni i ng 

The Consolid t ed Hand Brick Pott er y and Lira.e co.Ltd . f nd 

the Vereeni gi ng Bri ck nd i l e Company , Ltd , , a r e t he t wo l vr gest 

p:ooducer s i n t he Union and manufa c t ure a compl et e r ange or 

s ilica , ma .G"ne s ite , chrome , and t her r e :t"r a ot orie s and toget her 

suoply r · ctica lly all or t he r equireiilent s or t he domestic iron 

and s tee l industry. The Boksburg Br i ck nd Tile Co .Ltd., 

t he 1.1 i n Fire cl ay Co., Lt d ., t he Economic Fir clay Co. and 

Un i on Fireclay Co., Lt d ., pr oduce cla y refr t c t ories forb iler-

work and non-ferrou s et a llur gy. , in a rticular ~ef;r 8. c tony J ws:re for 

the gold llline s . 

A common cha r a cteris ti c or t h se pl a nts is t he \l i de 

div er s ity of product s m.anuftJ ctur ed i n a ition t o cla y r ef'ra c-

tories , oft en under t he same r oof, a <oondi tion nec e ..:: s i t a ted by 

the r el a tiv el y sma ll but · ea t va riety of clay products 

r equir eme nt s to b~ e t i n t he Union . Thi s i s i n ma r ked contra s t 

to the ov r sea s t r en ' t o ar d s e ci a l i za tion . 

The r e :!;:r e c t or i es ~nu f cturer s of t he Unio.n a r e a ll 

member s of t he Transvaa l Cl a y As. ocia t i on , whi ch i s devot ed to 

the advancement of t he indus try and t he exchange of id ea s I . 
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Re s earch a nd dev elopment is a promi nent cons i dera tion 

among th e l a r g r f i r ms articul arl y , and t he newer pl ant s 

r epr esent the l at est in ov er s ea s design and e quipment. A 

flow s heet for the manufa ct ur e of firebrick in a modern South 

African tu nnel kiln l ant i s given in Figure 37. 

MARKETING 

Pra ctically , up t o 95% of the refractori es produced in 

the Union a r e so ld directly t o indus tri a l consumer s , · l t hough 

A ents a nd s tocki s t s a re us ed t o handl e t he se product s i n s ome 

of t he coa s t a l t owns. I portan t ma r keting co nditions exi sting 

in the Union a re the ma nuf a ctur e of v riou s pro duct s to speci­

fi ca tions of indus tria l us er s or furna ce desi ner s a nd the 

development of pro duct s compa r a bl e with ov er s ea s ma t eria l s . 

The problem of overcoming t h e pre.j.udice of loca l i ndus­

trie s for i mported m t eria l s has l a r gely di sa pp ear ed since the 

wartime expansion of t he indus t r y , but vest i e s of the 

r eluctance to di scuss s ecifica tions in t er ms of physica l 

p er formance in f · v our of chemica l a nal ysis s till r ema ins. 

Forei gn competition i n the f ield of cla y r efra ctori es 

has declined to a pos ition o f r el bt i v e unimportance l a r gely 

owi ng to th e i mprov ement i n qua lity of local producti on a nd 

to the pr ot ect ion a f fo rded i n pr e f er entia l r a il t ariffs and 

cus toms duti es. 

SPEC I FICATIONS FOR FI R iBRICK 

The South African Bureau of t anda rd s , i n coop era ti on 

with domes t ic manuf cturers a nd us er s of cla y r e fra ct ori es ha s 

r ec entl y dr awn up su es t ed s ecifica tions f or fir ebrick. 

The s e specifica ti ons a r e a s f ollows: 

Normal Duty : Firebrick i n thi s cla ss ification must 

possess a minimum P. C. E. of Cone 28. They must not show more 

than l.O% linear cha nge whe n subj ected to a r e-heat t est of 

1410°C. for 2 hours. 

Hi gh Duty : In thi s class ifica t i on fir ebrick mus t ha ve a 
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The t es t da t a shown be l ow Br e c.. ver a.ge r e sult s of cont rol t ests on 9" bri ck a nd ar e sub j ect to normal vHria t ions on 
i ndividual t e s t s . The s e r es ult s cannot b e t a ken E1S maxi mum or mi ni mum r equi r emen t s for speci f icati on purpos es . 

Q.ua l i t y . Norma l Stiff - Cas ting Pi t Hi gh Hea t Super Du t y 
mud r epress ; Hol l ow Wor e Dut y Stiff- Dry Pr essed; 
ha nd ma de; dr y St iffmud mud r epr e s s; hond mJ1de . 
pressed r epress hand me de 

Pyromet rio Cone Eq uiva l e nt: 
St andard Cone (Briti s h Seger) 32- 33 
Tempe r a t ur e Eq uiva l ent 1710-1730° 
Or t on Cone 32~-33 ~ 
Rehsa t (Per manent Linear 

Change) . 
Per cent Contra ction or 

'1i'xpa ns ion 
a t 1400°0 . for 5 hours o-.6% c. 
a t 1600° 0. for 5 hours 

* Hot Loa d Tes t: 
A. S . T. M. 0 . 16- 41 ( 25/sq . 

i n .) 
Percent Deformation a t 

l 350°F. 2- 4 
l 450°F. 

1E Pane l Spa l l ing : 
A. S . T.M. 0 . 107-42 
Per cent Loss . 
Preheated 1600°0 . 2- 8 
Appa r ent Poros i t y 
Perc ent 20- 25 
Chemica l Ana l lse s : 
sio 60 . 5 
Al2B3 35. 3 
Ti 02 1. 2 
Fe£03 1 . 6 
Ot er Constituents 1 . 4 
Modul us of Rupt ure 
A. S . T. M. C.l33- 39 
Lb . per s q . i n . 90 0-1200 

32- 33 
1710-17300 

32 ... -33 ~ 

0- . 6% 0 

2- ·1 

2- B 

22- 25 

59. 8 
35. 4 
1. 3 
1. 8 
1 . 7 

800- 1000 

34 
1750° 

34-

o-. 5% c. 

4- 7 

2- 5 

20- 23 

55. 4 
41. 4 

1 . 2 
. a 

1. 5 

800-1100 

34- 35 
1750-17 70°0 . 

34--35-

o-. 2% c. 
o- . a:~ o. 

-
4-7 

2• 5 

17- 22 

53 . 8 
43 . 0 
1. 2 

. 6 
1 . 0 

1200-1 500 

X Note : Tho A. S . T. M. Hot 
loa d a nd spe l l i n g t e s ts 
were por:t'or m.e d over sea s 
becaus e of the r a the r 
ol obora. te specia li s ed 
eq u i pmont r enuir ed . 8 
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PROPKHiriES OF SELECTED AMEHI CAN FIHECLAY REFRACTORIES~:-. -----------------------.-----

I nter­
media te 

He a t Dut y . 
I 

Silic a content , per 1 

cen t . 60 
Alur ina con t ent , % 1 ~'S 5 
P . C . ~ . 30- 31 
App roxin~ t e l y ° C I l bbb 
Den s it y (Bulk )g . p . c . c J 2 .11 4 
Porosi t y . 1 8 
% S pal l ing l os s -

Hi g h uut y Schedu l e 
Low ;Juty Schedul e 

Heheat t e s t-cha~ ge ­
line ar - "/o _ 
5 Hours a t l4ougc . 0 . 5 

II ti l uuO c . 

Loa d t est- 25 l bs . per 
. l l ~ % s q • l n • , 2 ~1 o ur s , o 

subs i dence -
At l 30o0 c . 3 . 0 

t l :350°C . 
At 1450° C. 

I 
.I . 
. , 

Hi g h 
He a t 
Dut y . 

53 
42 
02·f 

1 72 3 
2 . 082 

18 

7 . 5' 

5 . 0 

I 
. I 

I 
I 

I 

Su pe r 
Dut y . 

52 
43 

33- :54 
1732 
2 . 323 

14 

0 
2 . 7 

- 0 . 2 

:5 . 0 
5 . 0 

. . J I . • • • • • • • • • • • • • • • • • •••• 1 • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••••••• 

FHOP:SHTI ES OF -SELECTED BHI'.l'l 0H :E'IIlliCLAY j i_]!'RAC'l,ORI H;S • * 
---------~- - - - -- - ---- - ------. ' 

Si l i c e o u s! 

I 
I 

Appar ent por os i ty~ % 130 . 6 
Dens i ty , g . p . o .c. 

1 
1. 8 5 

Appar en t s pecifi c gr avit v 2 . 67 
Co l d c r us hi ng s trength 1 1 940 
Pe rmeab ility 0 . 011 
Lin e a r chan e e on f ir i ng 

I· 

I . 

oer cen t 
"2 Eo u:r ~ · a t 1~l0°C . 1 t 6 . 5 I· 

Cone llie lt i ng ~o lnt, °C. 1 580 I 
Refr a ctor i es - un d c T- 1 oad - 1 

50 lb ~e r . s ~ ~ln . r i sin4 
t OIJpc r a t. u r e tes t .- I 

Med i um 
Al umi na 

1 9 . 4 
G. 0 8 
2 . 59 

2500. 
0 . 0 28 

0 . 0 
1700 

1 6 . 4 
2 . 00 
2 . 48 

60 50 
0 . 0 71 

f 0 . 3 
1 750 

I ni ti a l defor mati on 1 1150 1 500 1 300 
Rap i d de f or ruat ion 1 1 2 70 1 550 1 540 

he a r or 10% c ol1a ps , 141 0 , 1600 1 61 0 
l 'he r mal s hock r es i s t anc e 4 1 30t I 30 -/ 

........................ ~ . ..... . l ...... ... ... .... r. .. .. ................... '0 

lf! .After Che s ters - J . H. - Stee1.21a n t I e .' r a cto r i es , p . 175-17 6 , 
Lond on , 1 94 4 . 

. ............... . 



,I 
ll __ 

V') 
,...) 

4: 
Cl 

w ~ 

~ 
:. 

0 " ·::: 
z ' 
4 \. .. 

'" 
0 J~, 
['( 

7' .,,. !?. . 1 7 , 

I 
/ 

;I 

/ 

' I , 

,,., . I I 'I I 
I ' I I ',. I 

It I/ ' I/ ' ,;f; II 
I I II I I i "<>"--~ 

L I 

i' / 

' , ' 
I 

I, I 
I / I 

'/j/ / 
II;/ / 
'/ / 

I/ ; 

I I 
I 

I 

I 

' I 

I 
I I I 

/ I 

.t I 
I 

I . 

1/ ,// ' 

/ '!!/. / . 
I I "' 

l..!.j; /.. 

!J) 

0: 
uJ 
::J: 
1-
0 

----=-~-=-- - ---· ==~-

~·I,., 

I 

I/ 
I ' 

({) 
<f) 

4 
-' 
\..J 

Cl 
?.: 
<l 

<0 
'-' 
~ 
4 
(':! ...... 
v 

() 

.;-- -
~t 

<0 

z 
()j 
-I 
1-
<J 
;::) 

Q 

0 a: 
a. 

al 
J 
0 
0 

·-(t 

v.l 
) 

\_I ,. 
j 

0-
·~ 

u 

\ 
~~ 
r 
~ 

~ 
~ 

,..j•l . > 
0 

I.,, 
c.d -~~ 
~ ,, 

.. : ,, 
0 >---

"' t . >: 
4 t 
i'( , ... 
uJ 
z 
...... '.l• 
\.J . 

~-

rY 0 

"' 1U · / 
--~ ::.. 
0 
CL 

-< 1. 
\ 

cJ 
ll 
<f 

I f 
( 

_, 

. 
r 

( 

I J 

-
) 

/ L 

I 

I 
I 

( 

c. . 
1 l ) 

[ I 

LL. 

I 

- ---~ 



t 

l'- · 

"'\ etcc 

1 . 

•o t 

..., -
4 J . 

• 

-.. c 

a 

yo 0 " 

60 

, ..,.,. . ~ t"- t 

I':! , ... ,.., ..... 

0. 

~- "" • ., t 

11 

.. i , 

. . 

• 

- JC 

• ~"' t "" 

t 

s 1 

t o 

.. 
I 

f) 
• 

v -

' also included in the t qble . 

s 

, 

T. ~'i 

t 

d - .. n 

' .. • 

t 



-1 69-

Non-Fer r ou s Meta llur~ 1-; 

Gol d i ndus try: Cla y r e fr s c t ori es in the f or m of us a y 

wa r e a r e used i n l a r ge quantities in the gol d i ndus try . Clay 

r efra ctor ies are al so used in the r efini ng process both in 

the f or m of crucibl es a nd liner s , and for t he constructi on of 

r e fining furna ce s . 

Cop per industry: Condenser s and r etort s us ed i n zinc 

dis ti l ling f ur na ces ar e ma de of refra ctory cl ays a nd fir ecla y 

r efra ctorie s a r e us ed in smelting furna ce <' id ewalls. 

Lea d industry: The upper a rt s of l ea d r efin i ng 

f ur v..a ces a r e lined wi th fireclay brick. 

Aluminium i ndustr y : 

a l uminium melting furnac es . 

Firecla y l i n i ngs a r e em loyed in 

Power Genera t i on 

Boiler furnac es u s ed i n t he production of power from 

coal ar e one of t he ma jor outle t s f or cl ay r efra ct ori es i n the 

Union . A po_pular t ype i s t h e B. & W-. cross dr um bo i l er with 

cha in gr a t e s toker. In thi s ca se t he boiler furnac e i s line d 

with hi gh duty brick and t he r ema i nder of t he setting is 

ge nera lly i n norma l qua l i t y fir eclay br ick. The suga r i ndustry 

in Zulula nd employs vari ous t y e s of builers desi ned to us e 

ba gas sefs pent s ugar ~ mne) for fu el a ll of which ar e line d with 

f i r eclay refra ct ories~ 

Other Uses 

Cer amic s i ndustry : Cla y refr a ctories ar e us ed i n l a r ge 

anounts for t he construct i on of eriodic a nd continuous kiln s 

for t he manufacture of cl a y products . The y a r e a l so used for 

the pr oducti on of sagger s a nd kiln fu r nitur e . 

Gl a ss i ndus try: The l ass i ndus try uses specia l ty ) es 

of clay r efr a c t ories in the f or m of l a r ge bl ocks f or lining the 

melter a nd r e f iner s ections of t he gl a s s f urna ce . Cla y r efrac­

tor i e s a r e a lso us ed in brea s t wa lls , port j ambs a nd s ill s , port 

wa l l s i des , port cr own, port pavi ng , ma ntle bl a ck, r e ener ation 

wa l l crown , checkers , t ucks t ov es , ski mmer s , plugs, &nd troughs . 
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Lime und cement i ndus try: Gl& y r trL ctorien Gr e \l!Jod 

in the cons truction a nd lining or shE tt and r otury liao kilns 

s nd porta l and c ement kilns. 

Gas production: By-products coke ovens uae olu y r etrttc-

tories in the f oundation m. t, ma in f lues, checkor s , c ertain 

walls, oven chamber f loors ov er roof ends, c lw r e;lng holes, 

j a mb, blocks, a nd top ~t. 

I n cin.er a tors: Inoinorators e r~ cons tructed mainly 

trom· tire-cla y r e fra ctories. 

Ent1 m.eling : ~~na.mHl furnaces e nd frit furna ces huve 

clay r efra ctories incorporated i n thoir constituents. 

Ra ilway2: Locomotive a rcll tila s ur e importtt nt i nst bl-

l utions or clay r otra otories. 

Chemical i ndustry: Various furnace s tor use in the 

chemical indus try us e cla y r ofrll c t or1eB in their constltuenta. 

FU'l'U.R;_. F Tllli CLAY RJ,FRAC'!'ORI LS DHXJs-l'RY 

Attant1on . 1s constantly focus ed on the production ot 

better quality ma teria ls nnd now types ot rutrttctories. Im-

proved technique s and adn noes in resea rch and develo i)a ent cttn 

be expected to keep tha domestic industry ·up-to-date . New 

1oothods will effect improvements -in taaking und burui'ng . 'l'he 

emphasis is becOIOling .more pronounced on the pt:t rt of manu:t'hcturttrs 

in t he des irability of producing r e fructor i e B to suit tho 

indiv !dual needs or consumers a nd thl s oondi tion is )xpected to 

continue . The r efra ctory s eciolty products--pla s t 1os, aorta rs, 

and ca stt~ bles--will i nc r ea s i ngly displ uc e burned refrt-1 otori t~ s 

a nd ith further a d va nc es 1n ins t nllation t oohnic; ues will l oad 

t o e ne w ara of t e chnica l develo )ment in t he industry. 

' r 
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