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SUMMARY.

The commercial refractory clays in the Union of
South Africa occur in the coal measure rocks of the Middle
Ecca stage of the Karroo system and deposits of economie
importance are so far confined to the central and southern
Transvaal.

The basal Karroo conglomerate, and the Dwyka "tillite"
with which 1t is frequently confused, 1s 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 aqueous 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 s=olution of the underlying
dolomite, although differential erosion in pre-Karroo times
also provided protective basins which served as refuges for these

deposits. The refractory clay strata 1s generally horizontally

disposed and shows extreme lateral and vertical variations in

characeter and extent.

The types of clay found include flint, semi-flint and
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plastic clay and silicious refractory shale. Quartz, iron and
manganese are the principal visible impurities. The flint
clays in the Vereeniging area occur as a parting in the main
coal seam, while the plastic clays are closely associated with
the top coal seam and probably represent sapropelic drposits
in anclent water courses., Elsewhere the relationshiy. between
the flint and plastic c¢lays and the coal is not so apparent.

The semi-flint clays generally overlie the workable coal seams
when such coal is present, The silicious refractory shales
oceur above the semi-flint clays and frequently contain well
preserved plant remains.

The formation of the clays 1s primarily dependent
upon the environmental conditions and the principal sources of
sediments are the residuum from weathered dolomite and the
decomposition produets of feldspathic igneous rocks, while to
a lesser extent plant ash derived from oxidation of coaly matter
also contributed.

The refractory clay reserves are difficult to estimate
since prospecting so far has been confined to easily accesslble
areas and further because of the considerable variation of the
clays within short distances, It 18 apparent however that the
reserves of the high grade clays, though large, are by no means
unlimited. Most of the clays are mined by open ¢ast methods
which facillitate selective mining. Transportation costs are
important controlling factors in exploiting new deposits,

Differential thermal analysis supported by x-ray,
chemical and optical data, carried out on representative

samples, indicate that the principal mineral present in the
3/-0.80\1'511.....--.
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African fireclays is kaolinite, Differential themal analysis .
also indioate the occurrence of higher hydrocarbons in the
carbonaceous flint and plastic clays. The presence of clay
minerals, other than kaolinite, in the plastic clay and
refractory shale was suggested by base exchange studies and
during this work it was found that the electrodialysis method
offered certain advantages over the replacement leaching method
in control work. It is of intorest to note that the clays
tested all showed radio-activity, suggesting a fresh approach
in the field of research on the genesis of the fireclays.

The ceramic properties of the seleoted clays were
evaluated by empirical teets and 1t was considered that the
results obtalned were in good agreement with theoretical
deductions, The plasticity of the plastic olay is much greater
than for the other types studied owing to the fineness of particle
siio, presence of organiec matter and the ocourrence of clay
minerals (illite?) other than the kaolinitlo group., The flint
and seni-flint elays represent good molinite types with
quartz as a principal acocessory and the dry strength and dry
shrinkage of these clays is low compared with the plastic elay
and silioicus refractory shales, The drying shrinkage of the
olays with low base exchange capacity represents & smaller pro-
portion of the total shrinkege (drying and firing) than those of
higher base exchange capacity. The plastic clay shows the most
pronounced tendency to sinter of any of the clays examined whiech
is to be expeoted from the high alkall oontent of this clay
and the presence of noneélay minerals (i1llite) would acoount
for this difference ?&Mﬂcmr from the kaolinite types. The
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silicious refractory shales contain a large amount of quartzu
which expands on firing and counter-acts the shrinkasge of the
clay minersls present. The comparative coarseness of the
rarticles causes the quartz to behave individually rather than
to form a eutectic with the clay minerals whiech acoounts for the
relatively high refractoriness of this clay. The carbonaceous
type of flint clay contains sufficient combustable matter to
require pre-calcination before it can be used.

X-ray examination of the commercial high alumina clay
shows kaolinite as the only mineral present and it is suggested
that such clays represent a high alumina member of the isomorphous
kaolinite - anauxite series,

An intensive study of the lithology and ceramic
properties of typlecal Middle Ecea strata shows the pronounced
variations in ceramic properties of the strata found within
short distances and emphasizes the need for careful selection.
Some of the poorly plastiec types of refractory clays were Iound
to respond satisfactorily to alkall treatment in a preliminary
investigation of the improvement of workability by this means.

The Union 18 self-sufficient with regard to clay
refractories and is in a position to export. The producing
plants are located in Vereeniging, Olifantsfontein, Boksburg
and Springs in the vicinity of the prinecipal consumer centres.,
These 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

develomment.
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I - INTRODUCTION.

GLITRAL STATCIENT.

The tern "refractory clay" is applied herein to those
clays which do not fuse below 1680°C. = and axe'pfincipally
used for the manufacture of fire-clay refractories, including
fire-brick and fire;élay_gooﬂs; | |
. Firebrick are structural materials used at high temper-.
atures in inﬁusﬁrial furﬁaées and fire~clay goéﬁS'embrace such
Aaliied'materiais;as a;say'wére, crucibles, insuiéting firebriek,
and varicus'spécidltyrproduéts including mortars, racming mixes,
gerents and wall coauings, all of which are intended for service -
at eleﬂated temperatures,

Fire-clay refractories are. requlred in large quantitles
for hozler settings where steanm is rajsed for the generation of
power and as a’souréévof’heat and for the'commerciai_productian
of iron and Stéelvand mAny non-ferrous metals. Other important
' consumers include the'portléﬂd cement, lime, ceramic, glass,
‘chenical, and food procegsing industries, railways and shipping.
Indeed there are but few industrics of more basic importance to |
the national economy than the manufacture of fire-clay refract-
ori@s and the fortuitous occurrence ofxextensive’ﬁeposits of
rafractory clay near the industrial centres of the Union has
been a leading, though not generally appreciated factor in the'
econocmic aevalopment of South Afrlca. ' §

The domestic'preductien of fire—clay‘rafractories.bep&n
‘before the Anglo-Boer War and has developed rapidly in recent .
years eSpO“iﬂlly during Torid Var II until today the Union
is practically self-sufflclent with respect to thege essent;al
cormodities and is an aective exporter of these products as well.

Refractory clays of economicrimparﬁance to the Union of

<60uthvafrica'have so far been obtained only from depésits'of

¥ Tyromotric cone equivalent (P.C.D.) == 31l. (A.S.T.H. C.24=42).
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Hiddle Ecca rocks of the Karroo System in the Transvaal.-
Locations of the producing fields are shown in the
apcompanying'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 ié 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
"golden brown" building brick; sewer pipe; earthenware; ete.

A fundamental study of the constitution of the commer-
cial refractory clays was carried out on selected samples
obtained from operating workings. The differential thermél'
method of analysis was featured 1in 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 clgys in

. order to lead to a better understénding of the telatioﬁsﬁip.between

y
* the refractory clays and the ware made from them.

PREVIOUS 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
*naterials were not the subject of an adequate report until

1916 when Vagner (1) discussed the occurrence of the



vﬁfvact-rv~nTﬂ¥s ~t ﬁ;‘f~ntéfnnté*w; and ¥n" ford (2] deseribed
the derosits nt Boksburg, Titile fu*t&er informat ion gnmesved
in nrint from 1916 to 1941 vhen Bosmzze renorted on the clavs
. of the "ttwatersrnd in s uublicatiﬂﬁ of the ”in srels Reserrch
7 nborntary (37, This worle inevfes ihe ﬁescvintiﬁn qf g mmmber
of dercaitg of fcga fgre~cluv'tnmet“ev with ﬂheﬂiﬂﬂi.aﬂﬂ nhvsiédl
drtn, BaSGéza rY 80 urofe n mriher of papcrs which included var-
iocus aspocts of fho sfuuv of clavs, and he further trerted the
subject 1n 3 nublished theris in 1946, (4) Ahrens published dnta
nn.fhe gpectro-chemical analvsis of South /friean ci=vs, iﬁclud—z
ing “een fire~clavs, in 1945~(5§, and¢ Unrde i Denvssehen con-
tribwted ~n srticle on the @ifferential thermal analvets of some
South “fr*cﬁn refroctory clavs in 1949 {6).

Consid evnbie inf~prmation on the geolesv cf thp "“ddle
Teen rocks of the Prancvenl have apnerred in the 1itewnture@ and
éxcellent accounts rre given by'"ﬁlengfaaf (IQDQ}A{?), “*aTlor
{(1538) (B), and Du Toit (1939) (9), “he subiect is trented
in deteil Sn menv of the nubWic"?ﬁﬂns of the Tnion nB@Tn col
furvev cﬁverlng'a"gbs_nnﬁarlainvbw‘these :ocxs. ‘*hO'WQnﬁ”ﬂi
and Omoa (10), and the “&ne?él‘RéSﬂu?cpa of the ™ion (1331
Crurtoovs actmowledponent is mede of the freo ‘uce. of trig “‘tav~
_a ::é’gn nrasenting tnc Po}qric ﬂngvg“onnd q; t“e_rofra:tﬂrv
cinvs_af the Tnion, |

| pAmrT TTGCeqTAreTO

The nresent work wag firet hemum in “av, 1041, It wea
'interfuﬁféﬁ'ih,“cﬁdber;'lgéz,'ﬁecause_gf the Aenrrimro of the
yriter fron the ﬂnihﬂ on retive service wit&rthe Tmited “tates
sy and the interruption wrs further nrolanced by tho writer's
gervices as feranics Sneciclist on the staff of trhe "litary
Governor of Gersony (T.%. “one}. The work wes resumzed in 1947
after the writer's ?eturn\tc S~uth ffrica, and this thesis was

stbnitted in Suiy; 164, ALY of the field work and leboratory
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Tﬁis prograﬁﬁe‘of investigntion was suggested by
Dr, H. Jacobs, SUpervisdr, ahd aporoved by Prof, F, Walker of
the Department of Genlogy, University'of C@betown?

The writer is pertienlerly indebted to Dr, Jacobs, who
in his capacity of Genersl iansger, of the Vereeniging Brick and
Tile Co, Ltd., made tﬁis investigation possible by vroviding
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Ceramic Engineer for the Cémoany. |

The valuable guidance of Dr, F.C. Truter of the Union
Geological Survef'in studving the occurrence and origin of the
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ially extended to Df. B. Wassersteiﬁ'of the Union Geoloqi¢al
Survey for the assistrnce and'helpfulvcriticﬁsms'given in the
X-rav work gnd'optical'examinptions &nd for carrving ovt the
spectro-chemical in&esﬁiggtions.

 The indness of Dr, P,C. Cormen of the National Chemical
LabOratoriéé and his staff members Messrs, W, Eevstek and P,
Theron in'blacing equinment and assistsance at the writer's dis—
:nosal greectly facilitptéé the fnnﬂémentél étudiés.

Dr., N, Dobbins, Research Monager of the Vefeeniging Rfidk
and Tile C, Ltd., and his sfaff including'MeSSﬁs, E, ¥Mooil, E.R.
| Vewburvy, and L, van Vuuren are %thanked for their general co-oper-
atign. - |

The.aésistancevof Mr._?.ﬂ;vDenysschen wag of grest)bene-
fit in the cﬂﬁstruétion and overstion of thé-differential thermal
anaﬁvsis equ{nmeﬁt. | |

| "Gr’atefﬁl' aclrnowle'dp;emenf is dre Dr, R.E. Grim, T1linols
-Geolégical Sﬁrvev; Wr..O,C@ Ralston;‘Chief Non-HMetallics Division,
Hr., Paul A mbrosg;vChief_Chllege Park Brénch, and Mr, H.F; Carl,

Physicist, Collere Park Branch, all of the mited States Bureau
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equita-nt briit hﬁ the writer. |
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fleolomy, ‘Inlvoraity of “tggouri, and the timolwy sunnestibns and
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a~nreciated.
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11 - GEN:ERAL GECLOGY.

STRATIGRAPHY -

General Statement
The refractory clay producing region in South Africa

.13 restricted to areas in the Transvaal which are underlain
by Middle Ecca rocks of the Xarroo Systen.

The gsologic formations exposed in the Transvaal
range from the Archaean Archaeozoic to Recent lMesozoie in
age. Recent deposits of sand, limestone, laterite, and
occasional gravel patches cover much of the terrain and
mask the underlying formations.

An outline of the principal geological formations
found in the Transvaal i8 given in descending order in
the following table: '

Table I.
Geologic Formations in the Transvaal.
Stratified Formations:
System, Series, Lithology.

Recent ’ Gravel, sand, silt, mud.

Surface limestone, ferri-
crete,

(Bushveld Amygdaloid

( Stormberg (Bushveld Sandstone
é (Bushveld Marls
Karroo % Beaufort Shales, sandstone, coal
g Ececa Shales, sandstone, coal
( Dwyka Shales, "tillite"”
Vaterberg . Sandstones, shales, con-

glomerates
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Tabls I (cont®d).

tem. Series.

l%:

Litgo %’ .

gaooiberg
(Pretoria
Transvaal (
;r‘.olomita
Black Reef
Ventersdorp
Kimberley-
Elsburg
(Teppestown
Titwatersrand (
(Government
{Reer
- (Hospital Hill

(Dominion Reef

Pongola ?}pper
(Lower
(ood ies

Swaziland
(Onverwacht

Intrusives:

uartzites, shales, lavas
Shales, lavas, quartzites
Dolomite, chert, shale

uartzite, shale, conglone
erates,

lavas, quartzites, conglom-

erates.

uartzites, slates, conglom-
erates

=3 0= - o=
Sandstone Shales

Juartzites, shales,
conglomerates

uartzites and shales.

lavas, arkose, quartzite,
conglomerates.

uartzites, conglomerates,
shales and lavas.
-do~- =40~

Juartzites, lavaé, cherts
banded ironstones.

-4 0= -0~

Dolerite (late Xarroo)
Dolerite (pre-Xarrco)

"Bushve 1d (Red Granite
Igneous (
Complex" g Granite porphyry
gl’orphyritic granite
{Norite
(Granophyre
"Jamestown (0ld Granite.
Igneous

Complex"”
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» .~ Pro-Korroo Hocks of the Transvaal,

The précxnrroe rccks GKPOSQa in. the Transvaal,‘many_
of whieh3cbntributéﬂ sediments fcr‘the'fnrmation of the |
refracuery clays and assoclateﬁ 1iddle Bc»a strata, may be
surmarized as follows:=- x

o Funﬁamsqfa1 camplex{

Thé bldest.knﬂwn-rccks in the Transvaal'are thé
-sedimentary and volcanic types grouped ﬁnﬁer the heading
"Swaziland System”, whxch are best developed in Lbﬂ B&rberton'
area‘with pccasxanal cccnrrences in the Lurchiaen Range.

- Intrusive iﬁtb the rocks_of‘therSwazilana Systen is'a*wiaeh
spréad mass of gréniﬁe'andvgneisq which is.caileﬂ the JOlﬁ
lcranite" to distinguluh it from the later "Red Granite™ of
thn'anhveld Complex. The old Granite crops out over an
extensive area in the northern end castern Transveal and
'Es represented by a lﬁrge'oval‘ogtefop about 20 miles wide
.exteﬂding alriost from<30hénn¢aburg to Protoria.
| | | Pongola Systenm.

-Tﬁe Pﬁngolﬁ Bystcm,com@rises a series of quartzites,
‘pmyllites;'anﬁ amyg&aloidal andesites with occasional shales,
4¢ong10m9ratesi and ironstones. The system occupies an area
in thé south-sastern Transvaal. o

| . w&twatersrand Systen.

Th“s systen incluﬁes alternations of argilldceous
and arenaceous sediments probably derived from the denudation
of a repian of SW&leand roeks and 01d Granite to the northe-
‘wast of the preaent Vitwatersrand where the system,ls best
known.e The rocks of this system rest on the 0ld CGranite and
are gonerally overlain by the Ventersdorp System. The Vit-
watersrand rocks cecupy an elongated synclinal basi@ stretch-
ing from the‘wiﬁwatersrana,vsbuth te Vredefort in the Free
State, and from,WOlmaransstad'ineﬁhe wéat to Springs in the
east. The maximum thickness Qf Qtrata,assigneﬂ.tov



-0 -
the Vitwatararand is sbout 24,000 1t. on the central Rand.
The gold-bearing conglomerates of this system arc the most
importent strata found in the Union from the;pointvof view
of national wealth, }' |

Ventersiorp Systen.
| "This.is'chiefly ﬁ‘volcanic group coﬁposed of anmygda=
loidal andesitic lavas, which occupy 1argevareés in the
s@uthwést‘Transvaal  Near Vredefort and Heldelberg the
.; system ig developed to about 5,000 feet nade up for the moat ;
part of lavas. Near Kempton Park, strongly developed bads o
" of agglnmamates are found at the base of the serie In ‘
»the Ylerksdcrp and vanters&orp areas, the system includes
‘quartzites and boulder beds as well as voleanic breccia
_ and an upper zone of qnartz porphyry. |
| Transvaal System.
The Transvaal uystem, including sevmral‘well recog-
nized uerles, is the nost ﬂiﬂespread of the pre-~Xarrco
‘rocks found in the Union.
Black Roef Series: The Black Reef Series which includes

Quartzites and conglomsrates with ccecasional shales or slates

is the basal mamber of the Transvaal system.

Dolomite Series: ke Black Reef is overlain by the holomite
Series in which the predomineting rock is massive dolomitic
limegtone more commonly called "dolomite™, The top of the
series is gererally marked by'a thick band of c¢hert known,

as the ."Giant Chert", and numerous bands of chert and

banded ironstone cceur in the series. Thevaolomite is

grey in colour, finely erystalline, and on weathering
exhibits a peculiar surface resembling elephant‘hiae which

is resPonSibla for‘iis &escriptive’term “OEifantsklipﬁ.
It‘vnries,in'thickness from 120 feet near Carolinag to 3,500

feet near Haenartzburg in the nmorthorn Tronsvaal.
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Karroo System --General,

The Karroo System, of which the refractory clays and
associated liiddle Feca strata form but a very small part,
is the most widespread and dominant stratigraphic division
in South Africa. The remnants of this great thickness of
strata today cover more than half of the Union and have
been recognised in South-l'est Africa, the Rhodeslas, Nyasa-
land, the Belgian Congo, and even further north on the
African continent,

Fossil evidence indicates that the Karroo System does
not correspond exactly with any specific period in the North=-
ern Hemisphere sequence but, ranging in age from the Upper
Carboniferous to the Jurassic, it includes several recognised
systems of that sequence. Du Toit (9) points out the close
similarity in the lithology of the rocks and the character-
istics of the fossils contained in them in the Karroo System
of South Afrieca andloorresponding systems in India, Australia
and South Amerieca,

The Karroo rocks occur in a huge shallow trough which
occupies the central por%iion of the Cape Province, the entire
Orange Free State, the western part of Natal and large areas
in the Transvaal. This enormous basin forms the most
prominent structural feature in South Africa.

4 The System attains maximum development in the "Karroo
Region™ of the Cape Province where the type area is located.
Here a succession of about 20,000 feet of strata 1s assigned
to the Karroo System. The thickmess of the System 1s consid-
erably reduced in the Northern pari of the Union, where the
members are less well developed agd some partly or entirely
missing, and rarely exceed a few thousand feet.

The Karrco System in the Unlon consists prineipally of
sandstones, shales, grits, and conglomerates laid down for
the most part by fresh water ageneies, The base of the Kar-
roo is composed of a series of deposits which were products

of widespread glaciation in contrast with the close of the
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Kﬂrroﬁjpérioa which ﬁas\ﬁarks& by extensive volcanic,getivityw ’

The constancy of charecter and widespread distrivution

of the Karroo System give rise to the development of sope

of the principal physical features of South Africa. The

dry sandy uplends broken by occasionals flat=topped buttos

" and mesas are characteristic. of the"Rarrco Region” of the

intorior plateau. The deeply discected topopraphy of the

“ eastern part of the Unicn, iﬁglndlng Basutolanﬁ, is. aiso the

* result @f‘weaﬁhorlng of. tho Karroe rocks, In the Transvaal

7 the Karrno gtrata. prouuce vast expansas of gently unﬁuiating

“terrain‘unmarred by sharp unpograph1c Poatures,

Karroo S utem,:r.wzansvaal,racies,

The Xarroa'system in the Transwaal differs apprec-

" iably from the southern facies as Tound in the Cape Province.

" " In the Transvaal the succession is much thinner and nore

2

" imperfectly represented than farthor south; further, the

glacial.ﬂepasitS'sé consistent in the South are only developed

”’sporad;cally in the North. The northern Deca membor is dis-

S

similar in lithalogy‘to the southern equivalent, and carries |

‘¢oal. Finally, a hiatus exists in the‘northern,strata re-

" presenting the aboence of the upper part of the Beaufort se-

‘ries, and the Stormberg rocks rest direetly on the Eeca or

older formations. ()3

The mein divisions of the Knr:oovsyﬁtam in the Trans=

"~ waal will be described below with speeial rofercncs to ths

“’Dwyka:sgries end piddle Ecca sbage because of their parsicular

N ”‘associatibﬁ%@ith the refraoctory clays. The basal Karroo Conw-

- glomerate is also mentioned since it iz an imyortant‘nnrizon

m&I’l{er'alOn{% with the Dwyka 4{11ite, A map showing (')u‘ijcrgps
of ﬁhe Karroo fOrmai:i-on;‘ S in the Transvaal is eiven in
Figurelaf ’ >

Duyka Series,

The Karroco seaiments-throughpuﬁ tﬁe southern Transvaal,
northern Free State, ond Nata1 are generally underlein by a
peculiar boulder~bearing rocic which isrprobably the most
generally recognised horizon in the whole of the géologic ¢ol-
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umn in South Afriéa. This rock has long been recognised as
a markar in prospectlng for refractory clays and la used ex-
ten31ve1y as a guide 1n searchlng for coal. | |
| As far back as 1868, geologic opinion was sdvanced
that thls boulder bed was of glacial orlgin. }Dunn.;n 18?3 )
proveﬁ‘that this boulder bed was continuous W1th'tﬁe straﬁum
in the Soﬁthern Karioo to whiéh he gave the'ﬁams "DWyka Con—
glomerate” after an occurrence in the Dwyka river near Prince
. IAlbert c P, Penck 1ntroduced the more acceptable descrlptlve
‘:term "Tl;l;te"_for this rock from the soft v£ill™ or glaclgl
boulder élﬁy from‘which it was formed. After a long stormy |
session Wthh gave W1éespread publlcity to thls interestimg
portlon of South African stratigraphy, the accumulated evid—
erice has been accepted as-conflrming this opinlon (13). |
Du_Toit {9)>calls atteﬁtion'ﬁo the continental dimens-
~ ions of the ice mass that;acte& as the agency bfffcrmation and
refors to almost identical deposits in India, Australis and
South_America-ofwsimilar‘geoiogicai agé; 'The mebhanical dis-
integration accaﬁpanying the movement of the glacier which |
transported'rucks of various origin,'anﬂvtha subsequent depos-
ition of this material on the land surface where it was eiposéd
to a long péfiod}of'subﬁaerial weéthering in the Transvaal had
}an important bearlng on the. formation of the refractory clays ‘
and other strata 01 the 1ater Middle Ecca stage.

The Duyka "Tillite" is composed of a generally argill-~
acéous matrix contalaing pebbles and boulders of a large var-
iety of pre-Karroo rocks ranging in size from huge blocks
weighing’seyeral tons to mere grains. The distribution of the

- rocks and pebbles in the gound masé is independent of their
size and shape. While the.smaller‘fragménts are commonly‘ang;_
ular, the larger ones show a certain emount of rounding.

Many of the bculders‘exhibit the scratch marks or "striae®
found: in glacial ground moraine aﬁd the striated old land mass

over which the ice sheet moved is sometimes visible.
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niﬁ;ié;generaily-considerea that throughout most of the
region uﬁ@eriain by the Dwyka, the "Tillite” was & moraimal
materia1 ass0ciated with continental glaeiation. After the
melting of the glaclers this moraine became buried uﬁder
later Karroo sedimgnts. In the Transvaal, however, the
 elevate& region covered by the-moraine was apparéntly exposed
to weathéring agencies for a ldng period after thé disappearance
of the glacier, 'In consequence the “Tillite"'of the Trans~
vaal is thin and irregular and missing 1n places as a
result of postuglacial‘erosion, Further, having been- |
bleachéa by 1ong exposure it is qulte d;fferent in appearance
--and téztnre from‘the Dwyka tillite found in the southern ex--
ténsion_of_glaeiai activity. Theie the typical development
of this stratﬁm‘is a>hard, Eluish; sandy mudstone contéining
s@attered boulders so well emheddéa in the matrix in many
‘cases that the rock:fractures across the inclusions. Bedding
is frequent in the southern area aithough‘absent in the north
and 1t is generally regarded that in the séuthein regibn the
glacial material‘was deposiﬁed in fairly deep water, from the
‘_-meltlng ice and over 2 000 feet of glaclal sediments have thus
accumulated. In the nornh the glacial sediments were deposited
dlrectly on the low lying land mass and owing to subscquent
‘erosion seldom excesd 100 feet in thickness.

_ Du Toit has studied the movement of the glacial ice in
detail and,concludes that one ofvthg ‘three principal ice caps
connected with the continental glaciation of this period in
 South Afrlca was located in the northeastern Transvaal and that
the dlrection of the 1ce movemant was generally south to southe
‘west as shﬁwn in Figure 3, seouring over the vast expanse of
focks exposed on the old lanﬁ surface and transporting this
material elsewhere to contribute to the ro:ﬁaticn of the re-
fraétory'clayS:and asgociated Middle Ecca Strata.

 The "Tillite" often has a loeal character because of

the preponderance of debris derived from rocks underlying the area,
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It weathers very easily and consequently it is seldom found in
outcrops, although 1it$s presence may be indicated on the surface
by numerous scattered boulders embedded in sandy soil.

The Lower Dwyka Shales and prer Dwyka, which together
with the "Tillite" make up the three divisions of the series,
are not recognised in the Transvaal.

Fdssil evidence points to an age corresponding approxi-

‘mately to the Carboniferous of the Northern Hemisphere for the

Dwyka Tillite,

+- +Basal Karroo Conglomerate

In many areas in the Transvaal overlain by Karroo rocks,
the characteristic Dwyka Tillite is not recognised and the base
of the Karroc 1is composed-of a secondary conglomerate which is
frequently confused with the older "Tillite™ from which it was
derived. This conglomerate has been formed by the denudation
of the "Tillite'" and through "reworking" under fluvial con-

ditions it has been transformed into gucceeding sedimentary

strata.
The existence of this derived conglomerate was well re-

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

criteria:
"Pillite” Derived Conglomerate
1. aAbsence of grading and 1, Rough grading apparent Y
arrangement of pebbles. ‘and general orientation
of boulders and pebbles
with larger axis parallel
to bedding planes notice-
able.
£, Matrix unstratified and . 2, Matrix usually stratified @
frequently clayey in _ and always sandy. s
nature,
3., Stratification absent or 3. Stratification frequently
local. persistent over long
distance. v
4, Shows great variation in 4., Not so variable in thick~
thickness and level over ' ' ness and maintaining same |
short distances depending general level over large *
‘upon surface contours of areas.
underlying rocks.
5. In most cases lies directly 5. Frequently succeeds or
on rocks of older systens, interstratified with beds

of Karroo sandstones or
grits,
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This derived congzlomerate is genmerally confined to the
portion of the strata between the "Tillite" and the I'iddle
Ecca and may be the basal member of the Karroco in some regions,
in which case it should be recorded as the RBasal arroo Con-
glomerate since no definite age has been assigned to this
stratun.

The pebbles and boulders of the conglomerate include the
same varieties found in the Dwyka "Tillite™ from which it was
derived. This conglomerate 1s usally associated with fine to
coarse grained sandstone, frequently massive and generally
lenticular,

The secondary conglomerate is difficult to distinuish
from the Dwyka Tillite when seen in small weathered surface
exposures or in bore-hole cores; however, if the rock can be
examined in a sufficiently large exposure it can generally
be told from the "Tillite" by liellor's criteria. An excellent
exposure of the secondary conglomerate is to be seen in the
Vereeniging district on the Farm Xlipplaatdrift 83, where in
addition to the existemoe of the distinguishing sriteria
Just mentioned, the conglomerate in this exposure contains
large fragment8 of soft clasy from the underlving Transvaal
rocks which by their nature could not have wmithstood transport
by glacial ice. A typical specimen from this deposit is
shown in rlate I. Similar rock containing soft clay fragments
was noticed from the base of the Xarroc in a prospect pit on
the Farm Rletfontein 14, near Springse.

The areal extent of this basal Karroo conglomerate is not
accurately known and it is possible that strata at present as-
signed to tha Dwyka "Tillite" in many areas should more proper-
ly be described as Basal arroo Conglomerate., This roc!: offers
an interesting subject for further regional study.

Loca Series.

The Dwyka "Tillite" or the Basal Karroo Conglomerate 1s

followed uncomformably in the Transvaal by a succession of
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sandstones, grits, shales, refractory clays, and coal Seams,
with occasional stratified conglomerates, whieh form the most
conspicuous part of the Yarroo System in the Irovince. Du Tolt
(9);° after a study of th2 phasal varieties of these rocks
assigned them to the Middle Icca, The lower Ecca, well devel-
oped in Pondoland, is not important in the Transvaal, while
the Upper Ecca, represented by & thim group of dark blue shales,
overlies the lMiddle Ecca in only limited areas in the Transvaal.

A more detailed account of the Middle Feca rocks which
include the refractory clays will be given separately in view
of their importance to this study. |

Beaufort Series.

Tno Beaufort Serles which follows the Ecca conformably
is found in a very small area in ths southeastern Transvaal
where 1t 1s represented by sandstones, mudstones, and shales,
The upper part of this series is missing in the Transvaal.

Stormberg Series.

The Stormberg Series in the Transvaal 1s represented by
the Bushveld marls, Bushveld sandstone, and Bushveld anygdaloid
which overlie the Ecca in several patches in the northern part
of the rrovince.

Igneous Intrusives.

The Karroo sediments and older rocks ﬁere invaded by
nunerous sills and dykes of dolerite during the periocd of vol-
canic activity that marked the close of the Karroo System. |
The sills, frequently of great size, are generally confined to
the flat lylng sedimentary beds of the Karroo while the dykes
occur in these as well as in the older roecks,

ridad la_j}:;::coa Stage,

General.Statement.

The 1'1ddle Ecca stags generally occuples depressions in
the old land surface which have served to preserve these rocis
from the subsequent erosion that has removed most of the far-
roo strata from the Transvaal, The refractory clays are found

Interbedded with the coal seams or in overlying strata separat-



ed from the coals by a considerable thickness of intervening
rocks. In some deposits it 1s extremely difficult to correlate
the position of the clay beds with the coal seams since the
coals are frequently poorly developed or missing in many areas
where the clay occurs.

Fhysical Geology.

Regionally, the liiddle §coa Strata lie nearly horizontally
and so give rise to flat or gently undulating terrain traversed
by poorly defined marshy water courses., The surface of the
terrain 1s conspicuously lacking in outcrops. Where the older
rocks which do orop out are in contact with the 1'iddle Fcca there
is usually a marked difference in the topography of the land
surface underlain by the two types of strata. The surface of
areas underlain by the liiddle Ecca 1s generally covered with
yellow to red sandy soil which usually masks the character of
the underlying strata and extends beyond the limits of the
Middle Ecca, obscuring any contacts that may occur. Accurate
mapping of the Middle Leca is therefore exceedingly difficult,
The lilddle Ecca land surface 1s generally covered with grass
and trees are scarce. The presence of "pans™, shallow depress-
| ions resulting from surface erosion, is a éommon topographie
feature of regions underlain by l}Micdle Ecca rocks and sometimes
indicates the existence of clay strata.

Distribution and Thickmess.

The l’iddle Icca stage occurring in the southeastern.
Transvaal represents a northern extension of the Karroo System
which covers the Orange Free State. Besides this connected
area, nunerous patches of Xarroo strata occur to the north and
west lying conformably on rocks of the Swaziland, Vitwatersrand,
and Transvaal Systems, Thus patches of Middle Feca occur on
the South Rand and at Boksburg, overlying the Hospital Hill
Serles and the Kimberley-Ellsberg Series, while at Vereeniging
they rest on the Dolomite Series. At Belfast they are under-
lain by the Pretoria Series and north of Pretoria at Waterval
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Grits: The grits occur mainly in the lower portion and middle
portion of the Middle Ecca and frequently form the only prominent
outerops of this stage. They are generally associated with se-
condary conglomerates and sometimes contain pebble washes and
small boulder "erratics". The lower grits are usually more
variable in texture than the upper grits. The upper grits are
frequently 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 18 usually much hérder than the inner portion
which according to Du Toit (9F is apparently due to secondary
silicification. The differential effect of silicification
gives rise to the peculiar type of weathering often seen where
grits outcrop.

Sandstones: The sandstones show a wide variation in texture.

In some areas they merge into grits, in others they pass into
shales, The coarser sandstones are usually massive or thickly
bedded while the finer varieties are often thinly laminated and
micaceous. The upper sandstones 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 frequently lenticular, are guarried 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 rocks
in more or less irregular manner. Some ®f the clays show altern-~
ating dark and light banding resembling varved clays. (The
refractory varieties of the Middle Ecca clays will be fully
discussed later in this work.).

Shales: The shales are generally arenaceous in character and

might be best described in some localities as finely lamin-

ated sandstones. They frequently contain carbonaceous matter
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in the lower portion of the stage and are sometimes highly
micaceous. Like the clays they show evidence of the penet-
ration of iron and manganese. Red shales usually occur assoc-
{ated with the coarse grits and massive sandstones and are
probably formed by the secondary infiltration of iron into
thinly laminated clay shales, They are hard, thinly laminated
rocks rich in iron oxides frequently resembling ironstones.
Gypsunm is sometimes found in the shale beds,
Coals: The Middle Lcca stage 1s the principal coal-bearing
horizon in the Union., Seams of workable coal are generally
confined to the lower portion of the succession and thelr most
striking characteristic is the great thickmess sometimes
encountered, seams 10 to 20 feet thick not being unusual in
the Transvaal, The ccals are generally ncu=coking and high
in ash, They are regarded for the most part to have been formed
in situ in wlde swampy flats under cold and humid conditions.
The torbanites, oil bearing shales, of the Ermelo and ‘‘akker-
stroon districts are cloéely assoclated with the coals and
sometimes form a compound seam of coal and shals,

Superficial Deposits,

Consideration of the superfiecial deposits overlying the
Middle Ecca rocks is of im ortance in mining operationmns.

Areas underlain by the !'iddle Ecca strata are geﬁsrally
well covered by sandy soill or ferricrete, Sand 1s derived
from the underlying sandstones or grits and forms a highly
pervious mantle. Though not confined to the lLiiddle Feca, the
formation of the "ferricretes" by iron-secreting bacteria has
been aective owing to the porous nature of these rocks. The
formation of hydrated iron oxidés from the decomposing underly-
ing rocks has given rise to the typilcal slaggy-looking, yellow
to red lateritie rocks, cormonly called "ouklip", which possess
the characteristic property of hardening on exposure.

Deposits of silica, ressmbling the "silicretes" of the
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Cape, are also encountered in the superficial portion of the
outerops eof liddle Eecca sandstones and represent the alteration
or»pre-existing rocks, Surface limestones or "calcretes™ are
more rarely encountered., Gravel beds are fairly common in
areas underlain by the liddle Ecca and in some regions a
considerable thickmess of soft, plastic, "soapy" clay is
encountered which 18 grey to yellow in colour and frecuently
associated with overlying "ouklip”.

It is of econonmic interest to note that the deep red
sandy soils ovserlying the 1’'iddle Tcca are frequently suitable
for the manufa-ture of "stock bricks", or as an ingredient in
clay mixtures for the manufacture of face bricks.

Foésils.
Although faunal forms are rare, an abundant flora of fern-like
plants 18 present 1n the Middle Ecca stage, assoclated with
sandstones and clays, The bulk of the Niddle Feca fossils
described in the literature came from the Vereeniging distriet
and are largely the result of the careful and persistent efforts
" of Dr. T.N. Leslie. According to Du Toit the Middle Ececa
flora can be regarded as of Lower Permian age (9)%

The most common gemus is glossopteris which flourished
in India, Australia, South America, the Falkland Islunds, and
the Antaretic continent. Gangamopteris is also conspicuous.
Plants of larggr growth were also well represented, being dis-
tinguished by broad impressions in the sandstones and clays
and sometimes noted in the bright bands of the coal seams,

In addition to the Vereeniging finds, lMiddle Y¥cea flora
have also been deseribed from Clifantsfontein (1) and Hammens-
kraal (13), ocourring in the shales and sandstones associated with
the refractory clays.

The following list of fossils associated with the I'iddle
Ecca rocks in the Transvaal is given by llellor (8).






Glossopteris browniana Sigillaria bardi
Cangamopteris cyclopteroides Bothrodendron leslil
bphenopteris sp. rsygomophylluw kidstoni
Neuropteris validum Hoeggerathlopsis hislopi
rhyllotheca Cardiocarpus sp.
Schizoneura sp. Conites

A speocimen of silicious refractory shale with glossop~
teris flora from the Vereeniging distriect is shown in Plate II.

(It 1s noteworthy that Leslie discovered gangawopteris
flora directly beneath a stratuw identified by him as Dwyka
Tillite in the Vereeniging district and this fiQd has been
used as evidence of the possibility that this flora appears
earliest in South Africa, assuming that the principal phase
of the great period of glaclation occurring et the tiue
synchronized in regions throughout the southern hemisphere (9)@
The basal Karroo conglomerate, derived from the Lwyka Tilllte
and consequently of later age, usually forms the base of the
ferroo in the Vereenlging district, according to the writer's
" investigations supported by the receat work of the Unlon
Geologlcal burvey, and the Tillite wes not seen in natural
exposure or recognized underground in the coal wines. It is
suggested therefore that the conjectures besed on Leslie's
discovery wmay require revision pending further regional study
of the Basal Karroo Conglomerate),

weathering

The iiiddle Ecca rocks weather in e wanner which is
~ pecullarly different frou the surrounding older foruations.
These characteristics are of special consideration in pros-
‘pecting and winlng of the refractory clays. .

Surface weathering: In general the only roocks in the stage |

which form surface outerops are the massive grits and sandstones.
As previously mentioned, the grits exhlbit a characteristic ﬁ
wode of weathering which oftimes results in extremely

fantastlic sculpturing. This phenomenon is well seen in the
wWitbank area.

The‘sandatones which ere generally lenticular in

/ In .........;

[

character sowetimes show spheroldal ox "flagstone" weathering.
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the latter case the weathering 18 due to flssures regularly
arranged to give a pavemsnt-like appearance.

Very ocoasionally., the elays and shales and even coal”
seams are exposed to weathering in deep dongas in whicl case
the surface is extremely orumbly and where the clays and
shales are exposed oftimes the characteristic "onion peel”
type of weathering is encountered. The colour of these strata
is genara;ly much lighter at the surface than that encountered
at depth?

Underground weathering: The material overlying the liiddle
Eeca rocké”ist&equaﬁtly a sandy covering which protects the
underlying rocks from spalling due to temperature changes and
from the action of winds, This cover is, however, very per-
vious to meteorie water and as a result run off is small,

The generally horizontal lie and high water absorption proper=
ties of the 1:1ddle Ecca rocks give rise to active circulation
in the stage. These elfects are particularly marked on the
carbonaceous rocks which decompose, accampanied by a loss in
organic material and removal of pyrite to form soft laminated
shales or clays. Such a cause 1s generally attributed to the
ocourrence of "wash-outs" as pointed out by lellor {8f,

Sometimes the carbonaceous material may be removed fron
considerable areas by underground streams through the action
of decomposition, solution and denudation giving rise to a
series of subsidences. |

Stratigraphie Relationships,

The !iiddle "cea stage 18 characterised by the sxtremely
erratic occurrence of the included strata., The condition
prevalls to such an extent that it is mot possible to present
by detalled sections a clear cut picture of even a moderately
slzed area underlain by these rocks and the difficulty is
incrcased by the fact that many of the existing borehole records

and measured sections were prepared by different workers and in
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ccnsequence there is no uniformity in description and nomen-
clature. Columnar sections of the lilddle FEcca stage meas-—
ured in various areas in the Transvaal are give:r in Figure
4,, and they demonstrate the,change in thickness and
character of the formation in different localities,

Borehole records and measured sections will be given in

the description of specific clay producing areas later on,
insofar as. these data are aiailabla.
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III-DEPOSITS OF REFRACTORY CLAY.

GENERAL STATELENT..

The refractory clay deposits of commereial importance
in the Union, as rreviously stated, are kmown to occur only
in the Middle Ecca stage in the Transvaal. These clays are
not uniformly distributed throughout the formation but are
confined to certain horizomns and to limited areas. Consid-
ered broadly there are four prinecipal areas produeing such
clays for the manufacture of refractories: (a) in the Ver-
eeniging district, which includes a pateh of Karroo repres-
enting the northern extension of a lar.e occurrence of these
rocks in the Orange Free State; (b) an outlier of Karroo rocks
at Olirantsrontein; 14 miles south of Pretoria; (c) the area
between Boksburg and Springs, which ineludes a large patch
of Karroo strata and (d) the area around Hammanskraal, 16
miles north of Pretoria, which is underlain by Karroo rocks.

Generally speaking, many other occurrences of liddle
Ecca strata in the Transvaal and northern Natal are potential
sources of refractory clays. Such clays are known to exist
outside of the areas mentioned above and are used for the
manufacture of golden brown building briek and other ware;
however, owing to prevalling economic factors they are not of
commercial importance for the manufacture of refractories at
this time. The absence of refractory clays in many deposits
of Middle Ecca 18 probably explained by the faet that they were
either removed by denudation or conditions favourable for their
formation never ocecurred.

The refractory clays in one area differ from those in
other areas and there are even marked variations of the seams
within the particular areas. The character of the associatéd.
rocks is also different in the different areas. In all cases,

however, the refractory clays in the areas described are either
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resting directly on the Dolomite or not far distant from these
rocks and it 1s interesting to speculate on the relationship
between the Dolomite and the refractory clays.

Zinds of Clay.

South African Retraétory clays may be most simply
defined for industrial purposes as non-piastic or plastiec,
depending upon thelr workability. There 1s no generally
accepted terminology for a more elaborate description of
South African refraetory clays although soms manufacturers
do makke use of certain industrial classificetions, based on
texture, which have been adopted by overseas w,oikers. Such
a classification is given as follows and will be adopted here
to assist in descriptions of the local clays.,

- Flint Clay,

The flint clays are so ealled because of their
textural and structural resemblance to "flint", They are
homogeneous, fine Md, hard, smooth, poorly pléstio,
and break with a characteristic coachoidal fracture. The
flint clays vary in colour and though generally tound in
various shades of white, grey and black, they may also be
pink‘, red, or buff, The colour of the darker varieties is
due to organic matter and sometimes the clay sean ﬁésses into
a bed of poor grade coal, The pink, red, and buff varleties
owve their colour to the presenee of iron oxide, Gensrally
speaking, raw colour is no indication of the colour of the
burned ware, for quite frequently the coloured varieties burn
white or buff, )

Semi-flint Clay .

This is an arbitrary term applied to the bulk of the
refractory clays in the Union because they approach the flint
type in hardness, In this category are included the smooth,
hard', dense clays which break with a sub-conchoidal to shaly
fracture. The colour range of these clays is similar to the
£lint oclays. lany of these clays show the peeuliar "onion
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peel"” type of weathering on exposure which results in a com-
plete breakdown of the ulay; through a succession of spheroid-
al structures, until the material is reduced to fine particles.
The plasticity of these clays is variable dbut it generally
does not approach that of the plastie types. Llany of these
clays contain considerable amounts of quartz and sometimes are
stained on the surface with manganite (MnOH) which may also
be disseminated throughout the clay,

Plastic Clays.

The South African plastic clays are gemerally well
recognised as extremely fine grained, soft, compact clays which
possess highly developed plastic properties and are character-
istically chocolate to black in colour, though both purple
and pink varieties are known commercially. These clays generally
exhibit a varved structure with extremely fine lamellae composed
of light and dark coloured materials, They are usually less
rure than the flint and semi-flint types in that they contain
more alkalies, iron, and silica., These clays frequently show
slickensides and they nay be generally recognised by the polish-
ed surface that can readily be developed by scratching them with

the fingernail.
Siliceous Refractory Shale.

This type 1is characterised by well developed parting
parallel to the basal plane giving the material a thin bedded
structure. Although properly classified as a shale in Eé&iiéA
terminology this type is herein considered a clay within the
standard ceramic definition as given by the 4.S.T.i. designation
C.71-42. ® Thig material is rich in quartz; often containing
up to 50% of this mineral, and frequently passes into sandstone
within short distwicos. The colour of this material is generally

pink to reddish-brown,

® "Clay - an earthy or stoney mineral aggregate. consisting essen-
tially of hydrous silicates of alumina, plastie when sufficiently
pulverised and wetted, rigid when dry and vitreous when fired

at a sufficiently high temperature”,



General Geologlc Features of the Clay Depoglts,
The productive horizomns of refractory clay in the liiddle

Ecca are usually encountered at shallow depths which facilitate

open-cast working; however, this advantage 1s somewhat offset by

the thinness of the seams and the extensive variastion and lentic-

ular nature of the seams. Some geoleglc features characteristic

of these clay deposits ére:

(a)

(b)

(c)

(a)

Faults: In gemeral the faults encountered in the clay dep-
o8its are on a small seale, Dislocation seldom exceeds three
feet and more often the movement is only a matter of inches,
Slickensides are common in the plast.c clays reflecting the
slips that have occurred. There are notable exceptions to
the usuaily small amount of displacement found, however, as
seen in one case at Vereeniging where the faulting involved
has a throw of up to 200 feet.

Folding: Folding 1s not encountered in the lMiddle Foca strata
in the Transvaal and geologic evidenc9 indicates that no
structural changes of mountain building intensity occurred
in this area since the beginning of Karrco times,

Dip of Beds: The clay strata and associated rooks are gen-

erally flat-lying, dips seldom exceeding 3°, Gentle undula-

tions are common as the beds respond more or less to the
contours of the rocks upon which they were deposited. Iro~
nounced "rolling"; local in extent, 1s frequently developed
in areas where the lllddle lLeca strata are underlain by dol-
omite and slumping has occurred owing to the formation of
underground sinks, In such cases the beds show abrupt
variation in dip conforming to the irregularities of the
dolonite floor.

Igneous Intrusives: Intrusion of dolerite in the form of
sills and dykes 1s fairly common in the lLiiddile Ecca strata

and they frequently alter to elayey produets near the surf-
ace. An example of this is indieated in drill cores from the
Springs area where decomposed dolerite, yellowish in colour,
was encountered at a depth of 35 feet., Vertical intrusion

of dolerite may be seen exposed in the workings on the Farm



i |

1

-

Je—

e

e —— —

-

I : .
A . .
| L1 .
P - 5 b . I. iy
e e e e o W e . el ) Wy e e e et S et e il

- H
‘1
E | = k1 | )
| VEREENIGENG -~ AREA
. |




- 30 -

Rietfontein 14 in the Springs area where they have been left
bshind in the mining operations and remain in the form of
"hosses" rising from the pit floor.

Deseription of Producing Areas.

Vereeniging,

The patch of Liddle Eeca strata containing workable
seams of refractory clay in the Vereeniging distriet lies just
to the north of an extensive occurrence of Karroo rocks in the
Orange Free State, The area near Vereeniging underlain by these
rocks covers about 150 square miles, but the deposits of refract-
ory clay which have been worked by the Vereeniging Brick & Tile
Company Ltd,, since 1883, have so far been found in limited
extent, A geologic sketch map showing the elay producing fields
at Vereeniging is given in Figure 5. The most productive areas
lie to the north of the Vaal River in the Transvaal since the
Vaal in northward meanderings has denuded much of the upper
portion of the liiddle Ecca strata on the Free State side,

The Vereeniging district is underlain for the most
part by the dolomite, which through sub-surface leaching has
led to the formation of sinks into whioh the liddle Ececa
strata have subsided. Field evidenece suggests thﬁt these
subsidences were generally contemporaneous with or followed
the deposition of the refractory clays. It is also quite pro-
 bable that they were formed in pre-Karroo times as well, in
which case they served as depositional basins for the later
Middle Eecca sediments. The refractory clays represent terrest-
rial sediments laid dowan in various enviromments. The immediate
.principal sources of the sediments were probably the Dwyka
Tillite that once covered the area, and the underlying dolomite.
Thé predominant rocks in the "tillite”" were derived from the
Dolomite Series, and vestiges of these rocks are still represent-
ed by huge blocks of "Giant Chert"™ overlain by the Basal Karroo
Conglomerate seen on the Farm Klipplaatdrift 83, Fragments of
Red Granite similar to the Bushveld roecks have also been found
in the Basal Conglomerate exposed on Xlipplaatdrift 83, along
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with boulders of quartzite from the Black Reef, Waterberg,
and Pretoria strata, which indicates the varied source of the
wEllliteM.

As mentioned previously, the extreme variation of the
Middle Ecca makes it diffidult to.portray by seétions and borehole
records; however, & generallsed geologlc sectlon shown in Figure
6, prepared from borehole data, gives an indication of the strata
encountered just north of Vereeniging. The unevenness of the
underlying dolomite floor is shown by the sub~surface contour plan
of the same area, given in Figure 7. Contemporaneous erosion took
place 1in the lower portlon of the strata in the Vereenlging areas,
as shown by the fraguments of flint clay that occur in the thin
~ bands of conglomerate occurring above the main coal seaum.

Four types of refractory clay are recognised in the area
(a) flint, (b) sewi-flint, (c) plastic, and (d) siliedous refractory
shale,

The fiint clay which is bleck, grey, or brown in colour
occurs as a parting in the main coel seem in the district. This
clay 1s remarkebly countinuous over the area and is found 1la the
coal workings on both sides of the Vaal. In addition to the
prinecipal flint clay seam there are numerous bands of this material
occurring above or below the wain clay seam which are frequently
intercalated withlthe coal seams. The flint-clay breaks with
the typical conchoidal fracture as exhibited by flint clays in
Missourl and 1t is further similsr In 1ts lack of plasticlty
and smooth, hard texture. The Vereenlging flint clay generally
contains a large smount of organic matter and some varieties
will pass as low grade coal. The flint clay ususally contains
enough cowbustibles to render it self-calcining so that it
way be stacked in heaps and set alight to rewove the

troublesome carbonaceous material before being processed.
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The semi~-flint clays of the Vereeniging district oceur
above the coal seams in the upper portion of the Middle Ecca
found in the district. They are usually separated from the
?oal beds by intervening carbonaceous and micaceous shales,
,_These qlayé vary in colour and include shades of purple, pink,
bﬁff and érey, with the»latter predominating. Some of the beds
contain numerous visible particles of manganite disseminated
throughout . Manganite occurring along joint planes 1s also
noted in some strata. These clays frequently show evidences
of roét markings which indicate that they were exposed to
sub-gereal conditions at least fer short periods during their
formétion. . '

The plastic clays have been found in irregular sporadic
patches associated with the top coal seam in the district.
'They are genarally purple-to black in colour showing alternations
of light and dark material, and frequently contain coaly matter,
Some varieties of chocolate 'coloured plastic cla§>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
of plastic clay; when drawn in plan; appear as irregular pocketé
occurring at the same horizon as the top coal seém; as seen
in Figure 8, These pockets suggest "water holes" in ancient
stream channels or "deeps" in old lake beds. The banded
altefations in coloui of the sediments suggest rhythmic
fluctuations in their character and the extremely fine
texture of the sediments would indicate that they were;
- laid down 1ﬁ quiet waters. The plaﬁt"remains associated with
this clay, as well as its general character; suggests that it
represents sapropelic sediments derived from weathered and
denuded coal seéms,,drained by the water courses effecting
the transport ahd laid down in the 0ld channels and basins
from which cdal, previously present; was removed, Such'

types of depositions-are frequently associated with bacterial
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activity according to Twenhofel, (14)

Silicious refractory shales are found overiving the
semi—flint clnvs. Theqe ﬂhaTes varv.from_pxtremelv fine

gra;ned rrgillaceons shales to prnper sandatones and in all

N

cases they contain vwsible quprfz ﬂraﬂns.

pink in e¢nlour and well bedded, Some_occurremces contain_

felted masses of leaf imprints, generally glossopteris,

Thev sre generaTIV

‘perfect preservation of the dellcate plant memwbranes indicetes

that these shales were laid down.in extrenmely quiet watefs.

The flint clay is at present being wined in the area,

and open‘dast workings on the ?arm Leeuwkuil 87, have exposed °

the semi-flints, plasticsy snd silicious refractory shales,

Seni-flint clays are also being worked on the Farm Koekfontein

87, Geologic Sections preﬁared from borehole records in this

area are given nas followss
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Coalooaccooocoooc-.oo.o..o.o-...t.

Fireclay, black, flinteceecsocsvos

s

Coal..o .UOO'._‘O‘CIO'VC O OB DSOS OEOSEOOs SO
Fireclay, black, flinte.esesssecess
Coal.-...Q L2 B K B N BRI B I ) ....l-.».-.‘.‘.‘.'.‘.'.

Basal Karroo Conglomerate............

S i DO O S DD b DO

Sectioniitmtrinitreinnineiuaiitg

7 Feet.
Top SO1leceevcesvocecensoncnsosons
Fireclay, buff, ironstonCecceees
FiI‘BC].ay, buffo L IR I BN R N B )
Sandstone P HE BB OGO CREIOOED O
FireClay.o-oobouo’0'6000"‘-odo‘oooooo
Sandstone'ﬂﬁﬁ"'.ﬂ’.......".'.. *e 0 O &
Basal Karroo Conglomerate.........

20 s 20 19 €A 1

These detailed sections well 1llustrate the character
of the strata encountered in the area.

o - Clifantsfontein. _

Afdeppsit of Middle Ecca clays occurring on the ¥arm
Qlifantsfontein 559 has been worked 51nce 1903 by the consol--
jdated Rand Brick rottery and Iame co. Ltd., ThlS-GGQOuit:

” consists'of’an outlier of Karroo rocks which has beengpr@sefved‘
from denudation by slumping into séiﬁtidﬁ:éaﬁitieé formedvin_
the underlying Dolomite. This pateh of Karroo rocks entirely
surrounded by'Dolomlte is roughly’elliptlcal in ground plan, |
a8 shown in the geoldgid.sPetch map given in Flgure g, anﬁ
covers aaproximately 3 square mlleo. Ce

The character;of the strata in the arca is well shown
by the detailed seétibhs'ﬁeasured.byNWagner {1) and even
though the mining operations have long since exposed other
combinations of rocks, these sections will be given to il1-

ustrate'the gene:al,stratigraphic reiationships that prevail.
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v."Description,of séctions on the Horth and Rast faces of the
main pit, taken 120 feet apart, are-given below: |

Torth Face. , o
‘ Thickness.

Rod Soil R - 2a16n
Alternations of pink ené grey iz "
sandstone, shale, clayey sandstone and
grit merging down into small pebble
- conglomerate enclosing fragments of
underdying clay . L
Pale brownish greyAfireééiay,ﬁrdversed o Beon
along joints and shrinkage cracks by -
seams of ferruginouS'material
, Ferruginous clay o . o
~I&mlnated Pale Plnk fire clay DR o 1wg"
Goarse feldspathic grit | | - 100"
thite fire clay R o owen
vGIitty‘arkose _ . : . 2gn
Iaminated pink~brown, chocolate - 1rom
weathering ¢lay "Chocolate layer™ ) S
. laminated grey~white clay . 03"
Pale pink<brown clay : - S ,0'4“-
- Bluish grey clay E ' - : _- '0'4“ .
Greyish white sandy clay becoming more "_ - 1w
mrenacéous in lower portion of layer :
Grey sandy elay with. scattere& glacial - 1"
erratlca » ‘
Crey sandstone with glacial erratics
exposed in botton of pit .
y . Soush F&ce
’ Lol . A Thickness.
~ Red Soil R T (¢ L
Alternatjons of sanﬂstone shale, R ,710*0“
ferruginous sannstone and grit g .
Fale brownish pln&, white weatherlng ~
fir@ clay ‘ 6ro"
Coarse feldspathie nrlt o _ - v
. Groyish white flre elay » S gwom
‘TFeldspathie grit merging 10ca11y inba e
small pebble conglcmerate . , D .1 L

' Chocolate Layer L B ;.-~ . '1'0".f
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South Face {cont*d}.

>Thickness. i
Iaminated ereyish while clay' 'v O*Sﬁva
Brownish pink layer o owen
Gr@yish"white sanﬁj clay baédming ‘ AL A

more arenaceous in lower portion

clayey saﬁ&sténe with scattered .

glacial erratics exnosed in bottom

of pit - |

The.chéracte idtlc vqriaticns of the I'iddle Ecca atrata

are agéin.ﬁEmonﬂtrated by tha-ahrupu changes from'extremely
f;ne sedimentu to coarse materials that occur in the stage
which suﬁpests the frequent changps in depositional conditions
that took place Walle these sediments were ‘being laid dcwn. |
The beds are alsc lenticular in ch&racter and grade into other
materials over éhort 6istancas} The &eﬁosit contains impure
coal bands in the lcwer portion and a thin layer of brownish
yellow feldsnathic sandstone immediately overlying the maxn
clay seen was repo;tea by.tggnervto contain abundant pl&nt_
remaing 1ncluding glossopteris indieta;‘glossoptefis angus%i?
folia, gangamopterzs, and cor&iates. Both the nature of the
anclasing rock an& the fcssil finds sre similar to the Veor-
- eeniging 0ceurrenee~ | |

| ' The nonaplastie clay secams are massive in character and
vary in-caluur'including-shades of buffi pink, and‘gxey. |
Occurrences of both the flint and semi_flint.types are mined for
refractcry‘purposes from this deposit, |

}} The plastie elays of tha'area are chocolate to pink in
colour and resemble thé/plastic cléyﬁ'30>well developed in the |
Springs.ar@a‘ They show iight and dark coloured bands and are
extremely fine textured. | .

ragner {1) reports the occurrence of epidote rutile,

gatnet and muscovite in the clays of this area, and he points
out the unusuaily low silica taaalumiua ratio of some ¢f the |
refractory clays. He.also coﬁﬁents;on the occurrence of coarse '

- grits which rgnm.the_oﬁly-outcreps in the area. He statee that
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these grits consist mainly of sub-angular.fragments of quartz
and also include a good deal of feldspar which is sometimes
5o abundant that the grit on weathered surface resembles de-
conposed granite, He also remarks that contemporaneous eros-
fon must have taken place as evidenced by the bccasional.frag-
ments of undeilying clays found in the grits. |

The clay-bearing strata‘are underlain by sand-
stones, conglomerate, .:, and chert, The character of the
conglomerate, as described by Wagner (1), suggests that it is
derived from ﬁhe Tillite ahd represents.the Basal Karroo Con-
glomerate seen at Vereeniging. The chert seams mentioned
vy Wagner (1) as occurring interstratified with the conglomer-
ate band are unique.

Springs - Boksburg,

The ocourrence 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

part of a much larger body better developed still further east.

"ifA geoiogic sketch map'of the area is given in Figure 10. The

entire thickness of Karroo 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 elsewhcre the
area is characte;iged by featureless grass-covered bults and
frequent marshy vleis. The Middle Ecea is generally horizontal
disposed and outcrops are rare, The stage contains coal seams
. whichAwere worked at'Bdkébdrg, Brakpan, and Springs. The base
of the_Middle Ecca in the area is generally marked by & con-
glomeratic horizon as deduced from borehole data and 1t is
extremely difficult to distinguish from such records whether
this bed represents the Dwyka Tillite or derived conglomerate.,
Vhere this rock has been exposed in prospect pits and mine
shafts the extent of the exposure is generally not sufficient
to afford conclusive evidence of the presence or absence of
éorting, however, samples of this conglcmerate obtained from

a pit on the Farm Rietfontein 14 contained angular fragments
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of elay'w%%ch would mgrest anﬁén&a;? oripin ot lenst for some
of t“tﬁ‘mﬁtefinig | | -
| The gemsTal Yens~1like © heracter of the Jtdifie Tece strata
.hﬁré'or mlsewﬁﬁv@; ﬂuk3$ 1t MIEFiomtt to cOﬂnw“a ‘gee tﬁana and
ﬁﬁrﬁhale'reca“ ds Prem laﬂﬂlﬁt' o8 gven cisae tnrether to Geniot
o %he s rat*zra.u{c cﬂr“aknf%ﬂn of the strats. |
'~Th1 “*6ﬁ1* fbca t*ﬁtﬂ sztbnr overile ﬁha Bﬂﬁqw#ze 15344 %ﬂey~'
sacur 1 its vie%nit“@v The inflvence of uuiutivn ginktg in the “ﬂ#
) &érlyiﬁg dolomite 3‘”Rﬁ5*ﬂh s*umvfﬁﬁ in Ehﬁ Avnvlwin of  ”t"f'aﬁﬁ o
be QEGSfﬂ? @pn.in t%e v;aﬁwnfkﬁﬁvs on the Faorm E;a%fcnta?n ?4¢ AL
Boltsburg the. Wié 31e Tcca nﬂﬁ aﬁsnniateﬁ unrﬂeo vocks overtie the
:%?tW”f raeﬁnd streta but sre not favvfrsmvﬁhe'nﬁimmitﬂ cubcrons,
o Fisnwa 1 shows a nrafilc dﬁaét of ﬁhé’h&ﬁ n&ndﬁaﬁ Gigw
tribution in the Kiadle sﬁﬁa atagm ﬂnnr w“iﬁrs, p“eppveé frﬁm
dala ﬁinﬁlv ﬁﬁnnlﬂeﬁ by Mr. H&*Eﬁm ubinasi&eﬁv Urory of the spe=
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ﬁiéd;ﬁ "ﬁﬁ& ciﬁvs'ara‘minaﬁ fn? refractmrv'ﬁurﬁcﬁes 1% 
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Lt&.,.&n& o fiaﬁg'?iﬁe ﬂv Gﬁ& T*es& elresg mre elss mined
for £he mamfacture of 3“iiuiﬁ? brick at fhe Jangen Tpivkv 278 8
_‘milé'sd?th of ths .1r*v ?1“9 Pﬁnv Gore wor%*ﬁrr 1. doen borehole
- ghowg coal gonms wfiﬂ“‘v-dﬁ Ehe rpfrrctnvy cﬁufﬁ in this n=roa.
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- the strota in this nortion of the srea,
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Section at Zlgin Brickworks

Feet.
Top . 01lescecocsseccscsscenccscnsne a
ouknptoaoooo.c.o..o....io-........ 12
Shale' buff, sandy.............. 8
Fireclay, chocolate, plastiCecee 6
Pireclay, grey, thick-beddedesee 10
Basal "arroo Conglomerat@eeccesccese
Section at Janzen Brick Co,.
Feet,
Top Soil...............’.....C..... z
mlip.............C........f...... 6
Fireclay, buff.-..-.a..'.......... 4
Fmol&ﬁ. burf and......‘....... 4
chocolate, plastic, nixed -
Fireclay, chocolate, plastiCecscss 4

Basal Karroo ConglonsratBe.secsscsse

The principal clay seams in the Spyrings area comsist of
flint, seri-flint, and rlastic types. The flint and semi-flint
clays are generally grey to black in colour, The plastic
clays are well developed in this loeality and are generally
chocolate to pink in colour, Occasionally dykes and sills
of dolerite, usually highly weathered, are encountered in
mining operations. | A block diagram illustrating the l'iddle
‘Teca strata in a portion of the Springs area is given in Figure
12, This diagram wés prepared from borehole data obtained with
a dry-drilling technique to ensure complete core recovery, on
a controlled prospecting grid. The undulating character of
the strata 1s well known and 1s due to slumping into the under-
lying dolomite, In this particular locality the overlying
strata were let down gradually into the unde:rlying cavity as
evidenced by the lack of faults and slickensides seen on ex-
posures in the quarry face, |

Boksburg clays around Boksburg are principally of the
flint and semi-flint types and the ;lastic clays, though present,
are generally not as extensive as encountered in the Springs
area., (Clays are mined for the manufacture cf refracstories on
the Farm Klipfontein 6 (Boksburg Fireélay Co. Ltd., and Union
Fireclay Co.) and Volgelsfontein 5 (Fconomic Fireclay CO.).
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A geologie section at Boksburg North given below is

indicative of the clay bearing strata encountered in this
area,

Section at Boksburg North

Feat.

Top 8011, reddishececscccceccccncesces 5
Pireclay, buff, S0ftececccccenscses 4
Fireom, buff. thick’ma&d....-oo 10
Fireclay, brown, plasticCeecccccececee 2

Sandstone

Brakpan clay workings adjacent to the pan from which
the town of Brakpan gets ite name, were opened in 1905,
Sandstone was quarried from these workings and the clay
was used for the manufacture of stoek brick. 1In recent
years the refractory clays were supplied for the nanufacture
of firebrick and fireclay goods. The workings were closed
f{n 1944; a typical section of the quarry 1s shown below and
gives a picture of the character of the i'iddle Tcea in this
locality.

Section at Brakpan
Feet.

Sand’ yallw.........Q..'............'..

Clay, greenish-ivory colourédececesccecece
Fireclay. bllff, thick-Mddedo epocccoe
Fireclay, buff with intercalated

purple clay.....u...............
Fimclay, buffecesccccsccsccscsceccse
Fireclay, chocolate, plastiCeecccccee
Fireclay, black, flintecesc-cecscccses
Sandstone, with pebbleBe.ceccscccceces 2
Basal Kal'rOO Conglomrateoooooooo"ooooooo

Ot PO

Benoni: A geologlical sectlon measured in a pit at Rangeview
Station near Benoni shows the l'iddle Ecca strata to be as

follows:
Feet.

Top SOiloo-.-oooooooooooooo (A K N XN ENNEZENE RN E )

mup.&o..............o-.oboo.ooooo.oooo

Fireclay, buff to whit@ecescevcrecccsee
Fireclay, buff to white, inter-
calated with purple cl8yeesroesccccsece

SENABSLORD yissvabansssstissansnobbunisess

Basal Karroo Conglomerat@ececsecccccccoscccsce

ot OOK

0
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Harmanskraal.

Flint clay deposits have been opened in recent years
near Hamranskraal station and on the farms Yromdraal and
nabot. The Hammanskraal deposits are located on the Farm
Hammanskraal 435, about half a mile from the staticm which
is on the rretoria-‘armbaths line, 24 miles north of Iretoria.
A geologic sketeh map of the area is given in Figure 13,
Present workings include two small quarries and some prospect
pits. The deposits south of Hammanskraal are located on Farms
¥romdraal 577 and Nabot and are reached by motor road from
Petronella Statione -

The region lies just within the Bushveld region at an
altitude of under 4,000 feet., The Aapies and Pienaurs Hivers
form the principal drainage channels and have cut through
the underlying Xarroo rocks exposing them in the river chan-

ES

nels, ,
" The whole area 1s underlain by the Red Granite of the
Bushveld Complex, with the Leca rocks forming a capping or
occupying depressions. The Ecca series includes sandstone,
grits and shales, and is generally horizontally disposed al-
though loecal irregularities in the floor cause erratic dips.
The general trend of the slight dip is. towards the northwest.
Geoiogio sections meaéured in'a quarry on Harmanskraal

435 are given as follows:-

‘ Feet .,
Top s0il and Ss@ndece-ecsscsccccccccse 1l
Sandstone, medium-grainedececceces S5
Shale, thick-bedded with
fIESile mddins at baseooooooo.- 3
Flint clay, light gréyescccecceccse 1%
Shale, thick-bedded, with
rissile bedding at top
with thin coel seam near HLaS€e.... S

Ceologlc sections measured in a quarry on Kromdraal 577 are

glven as follows:

_ Feet.
Loose sand, COBTSBscesesecsesvesavcsncsosses P
Grit. hard. pink, COGI8C eeeccssevecscssvscne $ e ' il

Gl‘it, ham’ pink. warm.................
Fireclay, EIeY, "flintMsiscsacesnsssnncesn
»Grit' hard. pink. CO&IB@.....}.............

Fireclay, grey, "f1iNt"..eceeccecsocsocese 1g
1
5

Although overlying the Red Granite, the !iddle Ecea



s _—\' dl."'l- SJ : t.' -51 ;-: . " i o i - y " - -
# 'Lr}'l * .lll } - -;-r. » _:{. I.: ! E :T Ll i ; ¥ / . . ' u = 2
:i > s — : : - — —_ J'T-'_J_'; i v — = - ..%. &
. : e T. -- v ¥ -.k l_ L o bf L ki g =l s e Y
e Bipere et e i
: ‘- L > [
- - L]

s S -'..,..-'.m.;dmwaEBJﬁﬁ wmg__”
f MD JBMMS}LRW;J[ o R gt



{
_"11'

;H‘Tltjtfl.: ‘: £y *:

I'r

Jc.‘*' A Tl

—

ti { { i‘f"?'

.I

¢.

»

L=

t44

G
L L
11

1_r:;r

h )
Ty T

ik
k
"




- 4B -
sediments of the Hammanskraaul aree could have been contrib-
uted by Dolomites croppimg out south of Pretorla since the
northward drainage has persisted in this region from pre-
Karroo times., This possibility is shown in the generalized
geologlic section of the country north of Pretoria as given
in Figure 14.

Other Occurrences.

Refractory clays occurring in the Middle Ecca stage are
known to occur in other localitles in the Southern Transvaal
and are being worked along with semi~refractory clays of the
series for the manufacture of golden brown building brick
and other non;refraotory products at Heronmere, Driefontein,
Marievale, Lawley, Kempton and Springs. A deposit of
Middle Ecca clay is being opened up at Middelburg for the
manufacture of building briek in the near future by the
Middelburg Briek & Tile Co. Ltd.

Geomorphology.

Although the Middle FEcca strata are sometimes found
overlying older rocks in elevated portions of the general
land surface, these deposits most generally occur in patches
which have been protected against denudation by being sunk
into depressions in the surrounding more resistant formations.
The most conspicuous cause of such preservaticn is the
slumping of the overlying rocks into sinks formed by sub-
surface leaching of the underlying dolomite., Depressions
formed by extinet drainages and by pre-Karroo tectonics also
serve to proteet.the sediments deposited in them from removal.

Influence of Dolomite Floor.

The Do;o@ite seriss as previously described, 'is
composed predominantly of dolomitic limestone which is readily
susceptible to solution giving rise to the formation of
"collapse sinks" into which the overlying Middle Ecea seaiments
slumped. A Section exposed in a railway cutting near
Vereeniging showing typieal sink hole deposits is given in
Figure 15. The existence of these soiution features is a
predominant characteristic of dolomite country and they |
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have been the principal means of retaining the refractory
clay-bearing rocks and coal seams during the long erosional
reriod to whieh the Middle Ecca rocks have been subjected.
These collapse sinks are generally cirecular or irregular in
ground plan and sometimes they become sufficiently extensive»
to merit the name "collapse vallays"., In the first stages
of their formation small solution sinks are formed along
Joint planes and pits are developed on the face of the
Joint blocks resulting from selective solubility. Drainage
is diverted through these perssages into underground cavities
which inorease in size until the collapse of the cave roof
occurs, '

In regions where the Dolomite includes & fair amount
of chert near the top of the series, solution of the under-
lying dolomite leaves behind a relatively strong roof which
does not collapse until a much larger area of dolomite has
been acted upon, Solution by both surface and sub=surface
watere has donhtléss been 1n progress ever since the dolomite
was in existence so that the subsidsnces could have been
formed in either (a) pre-iarrco times, (b) contemporaneous
with Karroo'deposition, or (¢) post-Karroo times., These
conclusions are well supported by field evidence. The
slunping into the sinks occurred abruptly or gradually depénd—
ing upon the nature of the roof, the rate of solution, and the
weight of overlylng sediments,

Extinct Drainages.

Ancient drainage patterns and depressions formed in the
pre-Karroo floor by the action of wind, water and ice have
also played a major role in the preservation of the liiddle
Ecca strata. A good example of such features is found at
Hammanskraal where the ancient pre-Karroc drainage pattern
of the Aaples and Pilenaars Rivers provided a deposition basin
for the formation and retention of the 1'iddle Ecoca strata,

Post-Karroo Tectonics,

In more recent times post-Yarroo tectonics have

produced depressions in the land surface in which Middle

Ecca rocks are protected from erosion. Such derressions
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are the result of faulting and may be in the form of grabens
or structural basins. A structure of this kind may be scen
in the Zoutpansberg region.

Liode of Occurrence: Summary of Field Tviderce.

l. The refractory clays are terrestrial sediments laid down

in an aqueous environment, In all cases where the commercial
refractory clays of the !'iddle Fcca are found they have been
preserved from denudation by being below the surrounding resist-
ant rock surface, The most consplcuous catchments are the sink
holes and collapse valleys formed in pre-arroo, Xarroo and post-
Harroo times, by sub-surface solution of the underlying Dolomite
series. Differential erosion of the pre-¥arroo land mass also
provided hollows in which the déposited sediments were protected
and to a lesser extent post-arroo tectonics have providcd
refugaAror these strata.

2, The refractory clay strata are generally horizontally dis-
posed except where localised slumping has changed the attitude
of the beds.

Se The c¢lay strata show such extreme lateral and vertical
variation that accurate correlation is not possible even over
short distances,

4. Joint planes are frequently stained with limonite and
pmanganite and these mimerals sometimes oceur as thin beds

inter calated with the clays, suggesting leaching and infiltrat=-
ion.

5., The flint clays in the Vereeniging area are associated with
the coal sears and the principal bed occurs as a parting in

the main coal seam in the area, These clays are generally
black, dark grey, or brown, depending on the amount of carbon-

" aceous matter present. They are homogeneous, smooth, hard,

and break with a conchoidal fracture and do not show "slick-
ensides".

6. The plastic clays as investigated in the Vereeniging area
are assoclated with the top coal seam and probébly represent
sapropellic dejosits in anclent water courses. They occur as

sporadic deposits and can be traced through altered zones to
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beds of coal. These clays are extremely fine grained and
exhibit varved structure with alternating light and dark
bands. They frequently show "slickensides"™. Similar
clays are found at Olifantsfontein and in the Springs-
Boksburg area but thelr relationship with the coal seams
is not so apparent in these localities.
7. The semi-flint clays, which usually comprise fairly
thick bedded sediments, generally overlie the workable coal
seams wherever these coals are present. These clays are
generally hard and homogeneous, and frequently contain diss-
eminated manganite, On exposure to the atmosphe:e, they
usually exhibit a peculiar "onlon peel™ type of weathering.
Slickensides are sometlimes present but are not common.
8. The silieious refractory shales, best developed in the
Vereeniging area, occur above the semi-flint clays. These
shales are well bedded, frequently showing a fissile structure,
and are rich in quartz, which 1s usually visible to the naked
eye. Thay’oontéfﬂtabundant well preserved plant remains at
Vereeniging. '
9. A most striking observation with the occurrence of the
refractory clays is that quite frequently all types exist
together in the same deposit. Soft plastie clay may lie
inter-bedded with strata of hard semi-flint clay.

Origin of the Refractory Clays.

In the Middle Ecca deposits of the Transvaal, the car-
bonaceous flint clays are overlain by the plastic semi-flint,
and silletous shales which were clearly deposlited under differ-
ent conditions at later times. No single origin can therefore
be ascribed for these various types of refractory clays, since
they were formed in different ways depending upon: (a) envir-
onment during deposition, (b) source of sediments and mode of
transportation, and (¢) geochemical and geo-physical conditionmns.

(a) Environment During Deposition.

The final character of the refractory clays was to a

large extent influenced by the environmental conditions pre-

valling when these materials were deposited and changes of
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nvironrent are reflected by corresponding chunges in the
relractory clays and associated strata.
| The }'iddle Tcca sediments are continental deposits
laid down for the most part under agueous conditions
succeeding the glaclial enviromment of Dwyka timea.

At the close of pre~"arroo times, the ancient land
surface of the Transvaal, diversified by many ridges and
valleys, several of which correspond to those of the present,
wés nearly base-levelled. ' ith the omset of the grea% period
of Dwyka refrigeration that prevailed over most of Southern
Africa, one of ths continental ice caps developed in the
northeastern Transvaal and s;yread over most of the Pruvince,
As the glacial ice movbd'in a generally southern direction
it slid and gouged 1ts_way over the 0ld land mass plucking
off and carrying with it pebbles and boulders in addition to
the rock "flour™ formed by the abrasiom of the rocks which
it traversed, These materials frequently had a local charac=-
ter derending on the extent and type of rocks cro; ping out
in the path of the moving ice. It is probable that the glacial
novement was not continuous but took place in a series of
advancing and retreating stages with conteriporaneous fluvio-
glaclal conditions prevalling. As the ice maAss melted and
receded, it left its load of rock debris strewn cver the
Transvaal landscape in the form of ground moralne, while
further to the south, the glacler discharged its load into
the sea. This morainal material was compacted in places to
furm "Tillite” and the thickmess of this stratum in the
Transvaal was extremely variable, owing to the irrecularities
of the ancient land surface and to the subsejuent erosion of
Ehis aterial tarere Surther deposition took rlace. At the
close of the glaclal period, therefore, the Dwyka landscape
was genera.lly hilly and strewn with moraine and mountain
ridges separated by broad intervening valleys were in evidence.

The glaclal environment gave way to the fluvial and
lacustrine environment of cea times which persisted over a

long period while the noraine-covered Transvaal lund mass under-
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went denudation. The streams and currents prevailing during
.this period were sometimes exceptionally swift and the consol-
idated "Tillite" was broken up, resorted, and washed from the
higher ground intd the valleys and basins that existed. The
effect of this "re-working" was to re-deposit these materials
as sandstones, shales, clays, and conglomerates. The length
of this period would appear to be considerable since the rocks
forming these beds in many regions cannot be identified today.

A stratigraphic break occurs frequently between the
"Tillite" or the conglomerates derived from it, and succeeding
stratified beds so that every nember of the present Middle
Ecca stage, from the coals at the base to the grits at the top,
are found to rest on these older rocks in various localities,

Marsh environment became prominent over most of the area
about this time and fresh or brackish water swamps existed at
or near base level, Under these conditions a comparatively
small change in water level affected a considerable area, The
occurrence of swamps was wide-spread; some were connected while
others were diyided by land barriers, Coals were formed from
the vegetable'matter growing in these swamps and in some areas
the incursion of terrestrial sediments into the swamps gave
rise to the formation of flint clay. The swamp environment
alternated with and was finally succeeded by fluvial, lacustrine,
and delta environments, and it was during this transition period
that some of the plastic clays associated with the coals<were
formed:. The prevalling environment following the disappearance
of the swamp condlitions was aqueous and included a network of
lakes and rivers with constantly shifting ehannels of discharge.
The semi-flint clays and probablyksome of the flint clays and
later the silicteus shales, all found above the coal seams, were
formed during the lacustrine phases of the aqueous environment.
During this period of aqueous environment the sediments were
subjected to repeated cycles of erosion and deposition and much
of this activity was contemporaneous so that the present striking

lack of continuity of the strata resulted., It is probable that
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desert.cénﬂitions aifernating with periods of aqﬁeous-énviron-
ment werc prevalent at least over part of the Transvaal in -
these times és‘wellﬁl' | | | o

The accurate reéonstructioﬁ of the influence of the
environmental factbrs is difficult since the bulk of the sedi=-
mentg 1aid;down in Karréo times have been removed by denudation
leaving only a small part of the complete stratigraphic record
in the rocks remainings | | |

| {b) Source of Sediments.’

T™wo principal sources for the clastic sediments forming
the refractory dlays‘mﬁst be considersd: {(a) eclay residue from
the chemical disintegration of the dolomitic limestone of the
Dolomite Series; and (b) weathering of pre-existing feldspathic
igneoggzks.The areal-distributinn.of these rocks in relation to
tﬁe Ecca Series rocks and sediments is given in Figure 16. A
further; though‘prébably minor, contributory source is the
minerg}ﬁggpter contained in the plant aéh associated with the
coal‘fééﬁéﬁion.' The magnitude of the conbtributions from eaéh
| cf these sources is not kncwh, but'undoubtedly they all have
been more or less involved in the erosional and depositional:
c¢ycles resulting in the formation of the refractory;clays.

| ‘The mpae'of transport 6f theée Sediments, of course, also
piayed an imgortant part‘invthe‘clay_fonming process.

Dolomite Series: The dolomitie limestone of the Dolomite Series

is found underlying or in the wicinity of all of the present
‘commercial deposits of refractory clay in the Transvaal. The
élay-seaiments éould‘haﬁe been derived from the decomposition

of the-dblomite since it is known that residuals from dolomites
are-relativelylhigh in iron and low in silica. Sediments derivedv
from similér rocks have been regarded bj Wheelerntlsj and‘Thorn-
berry (16) as the source 6f the refractory clays of Missouri;

_and Nel‘has suggested sucﬁva‘sourée 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 sﬁspéﬁsibn by surface waters and floccule-
ated in‘the‘dapositional areas by the action of the water-borne
| electralytes. The amount f dolomite requxraﬁ to be decomposed
is sdmittedly considerable, “”“**'?“" | |
Analyaes of typical ”raﬂsvaal dalcmite samples xindly
'supplied Tby Dr. F.0 .:l Truter, Union Gsalogical Survey are given
in Table i, along with additional partial analyses of these
roecks contrlbutea by'ur. n. ool , Vorks Chemist of the
VETeeniging Brick and Tile 00. Ltd. ' | ~
' CQnaidering the AlgOg content of the refractory clays to
average 36 and assuming the AlgOs content of the aolﬂmita to
“be 1.00%; the speelflc gravity of the refractory clasys to be
2.,65 and thﬂt of the ﬁolbmite to be 2. 90, then f9110Wing the
rnethc&fdeocxiheﬁlby'ﬂel (l?)i one cubic foot of refractory
ciay‘woula réquire.thé destrhétioniof 33 cublic feet of ﬁol&mite,’
a not uﬁreasﬁnable'volums can“iﬁerihg the amount bfwaolomité' |
that must have ‘been removed in the Transvaal by erosion and
'ffsalution. o | ”; N
T gy 1sfihfbie sting to note that the monganese oxide found
;nrmaating the refrautory clays along Joints and bedding planes
- and oftimes dlsseminatea thraughout the clays is pfobauly
aerivea from the &olamite a3 well,

Pre-Ezistlng_Igneous Rock and sGdimcnms nore than half of the

‘ pre—xarroo land surfacs in the Transvaal cons;sted of intrusive
. igneous rocks comprising the 01d Granite and the rocks of thé
Bushvela Cm:;plex which inc lude the Red Granite, norite, syonite,
and other typésw ’Typibal analyses of these rocks are given in
Table III»(iB);- Other'preaezisting rccks of sedinmentary-and
extrusive origin contain avnﬁmbar-of azgillaceous and feldspath-
_ic members. Some analyses of such rocke are given in Table IV.
(1&)." | .

| It iS’quiﬁe'ﬁrDbabie that the tefraétury clays derived
seﬁlments from these ‘pre-existing rocks as well as suggesteﬁ

'by ths accessory'mlnarals found 1n some of the clays'
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Table IT

 Analyses of delomites
from the Transvaal =

Elements Sample Numbers.
T T, T To Ty T T
434 12 P _;42 T
Si02 0.27  5.43 5,08 17.97 7.96 20.61  38.84
Alp03 nil. 0,40 0.45 2,08 0,54 5.38  10.89
FezO;B 0095 1.29 1,12 1.4’7 032 1.12 R
Fel 0572 4] .57 ) 1;0;. - 244 . 1.87 4:¢45 5 .46
kg0 21,07 186,03 18.61 17,45 19,77 15.57 1C.36
cag 30,28 32.08 31.96 28.32. 28.60 21,31 = 10.09
Hag0 0405 nd, mnd nd ni nd nd
K20 nil ni, nd nd nd nd nd
B0f 03] 1m0 122 s % e 301
‘ " -
COs 45,82 39.82 40,63 28,90 40,03 27.47 1i.12
Ti0g nil nd. nd nd nd nd nd
Polg 0.01 0,06 0.06 . 0.07 .0.05 0,07 Celd
S 0.02 nd. nd ‘nd  .nd nd nd -
F 0,018 ~nde nd nd nd - nd nd
Va0 tr. nd. nd nd nd nd - nd
vgeg\ nd. 0,02 .01 0.01 tr 0.05 0.01
EnO 075 0.38 0.40 0«30 0470 1.20 210
Ba0 nil ni. nd nd. . nd nd nd
TT. 4“4 from Lyttleton
Ts 1=3 " TRwoggashoek, near Thabazimbi,
3-T2 4G 7 Buffelshoek, near Thabazimbis
nd-- not determined. |
tr-- trace.
: Partial apnalyses of dolomite
_ fron the Transvasl s
loss _ Si0p  AloOz FepOs  TiOs 080 10 0.,
46,37 1.68 027 0478 0401 29.54 21.32 0.09
44,80 4.32  0.60 0.80  0.01 28,62 20.69 0.12
34 ~50 O.,- 2@ } -2 ~11 3«75 0 501 . 28.11 20. 26 0 036
45,26  2.20 077 0 .45 0.01 31,00 20,70 .20 .

% Supplied by Dr. F.C. Truter, Union Gadlogicai,Survay;

#s Supplied by L. E, Mooi, Vereeniging Brick & Tile Co. Ltd.



- Anolyses of Pre-~Kurroo Ignecus Rocks
in the Transvaal.

5 S & SRR ¢ + 1V,

5102 73,92 74,00  52.46  5B8.15
Alpfz - 14407 11.85 16,95 14,05
" Pel o 0489 - " 3.00 6,68 - 6,50
ﬁgO ‘ 038 . 035 o 7.+50 - 2270
Tagl . 3.83 - 3480 2.50 - 5.85
K20 435 - 5,35 - 0.30 3.25
HoO £ = 0udd 0.70 - 0.30 - 0.35
woz : nil nil = nil = nil
- - 0«01 s o ' C

a6 0,08 - . 0.5 0.22 0,15
‘Bao : 0.02 ) : ’

TOTAL - 100.00 - 100.25 100,34  100.35
SP. 'GR@ - 3@63 . 2,63 3.84 ) 2‘.?7

I--01G Granite, Halfway Bouse; Ancl. T. Kameda
Il--Red Granite, Patropella; Anal. H.C. Weall
III~-~Norite, Bon Accord; Anal, ¥. de uervain
IV-= Syenite, Petronella; Anal. H.G. Teall.
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: Analyﬂes of Pre-ﬂarrcn Stratified Rocks
in the Transvsal.

I : 11 IiT IV=
8i0s 54,48 83.00 6l.42.  51l.14
Ti0z K Q.51 pd . 045 0:78
Al203 12,11 19.70 22,77 . - 24 «96
Fe203 - B5.38 104,93 . . 1424 5.38
Fel _  nd 2.88 ndé . nd
'n0 : . nd - tr A . néd
.gad . ) 0;40 720 . ' (.45 . o 0 05?
L.gg ) 0395 ‘ bgg « ’ ( tr - ' 1@48
Nag0) - . 1. -56 0.82 . (B3F g3
PeSe ' nd : 0.5 nd . nd
. Po0g : né’ i nd nd
GOa ' nd . tr : né nd .
Hgo ' - 5.,00 nd - nd - nd
Ignition loss nd ~ pd 4.50. B6.80
- TOTAL 100 .19 99.87 89,04 91.06

ap. GR. nd« - 25864 : nd - nd
imatversrand Sys em, Hospital 3111. Avga of 10 analyses‘
Anal, Geerge Renny. _
II--Ventersdorp Iava, Heidelberg Bisﬁriﬁtg Anal. J. iZeCrae.

III“““erm&l System, Dolonite shaie; Vereeniging District;
Anal., E. llool.

Vo= TTansvaal Systam, Fretorza Shale, vEreenigingiDiﬁtrmct;
Ana}.. U. LmiO

% Partial,aualyBiS@
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v ”7Thefmihef&i &atterlin uhe ash der¢ve& fram tﬁe-
"_decuy DT the CQGL farmina plan Sy tﬁ@ugn nat regardau a5 a
priﬁcigal c&umﬁ naa been shown to coatribute tm the
| 1eruahion Uf r@fractorv @ y: bv'.ﬁe z,ch‘ana hrataumg-F>
(19). Theaw workerﬁ hava 1aum& Lhau th ¥ind of iﬁarganic'
Latter hel d in plante, depcnus laraelv on the kind-bf,yiént.
ionute qaantiticu of" mluexal aa 'uax ar@ hnown to be in?
-corporated with orgun¢ m@xeculee in the cell walls of
all plants am& thc Snﬁdiﬁ cf td@be ihvestxgatorq on th@
'mTuMLHa contcnt of &sa@ra frcm the whale vegetablw kingdum
indicated Lhdt whilé- many panera contain no 9luﬂ¢nw.

others cantained wp ta bw vy 05 “4n ‘the ounm of LJP0p0u¢um,

& prorinent coal_fommin& lant in the ﬂortharn hamxaphere.

“o work, hOW&V&T has'h@en rec@r&ed in this

pact on the 3outh ﬂfriouﬁ ”Oﬂl faruing plunts.-'

‘ A‘mumher or anwlyse Of aéh ffom,ﬁouﬁh‘&fricdn
 ,nB0dlE kindly contributad by the Fu lﬁ Resaarch Tﬁmtituté af -
Zeuth aer;@a are given im'gablﬁnvs These an lvr@ﬂ Wexe cﬁrried
' aut on aﬁh&ﬁ,fﬁdm fimély'ground coal sanples (éZQ ﬂeuhuﬁ.uau.),
 fl0ateﬁ ét 1;58‘to?l;60 Sp;ﬁr;_'Suen conls would be
réasaﬂably frae frdm_oﬁnar mineral'impuritiaaa'

' The data (iven represent uverea@q aalculatsﬁ from-

& varlable number af ash analyses of differ@nt Sﬁmpl@ ; in’

one. GCHS6 M&hy aa ﬁixteen or the sane Qb&Mo



Table V.
ﬂnalyses of Ash Prom South Africa CO&lBi
Vitbank Area.‘

Seam Ho,  Bil0g Alps0z Fe203 TiOg} ca0 kg0 gﬁgof 50z
S : ' 2 -

NOe B BB.8 26,3 3,8 1.5 4.6 1.1 0.8 3.1
{7 analyses) a

0. 4 49,2 344 3.1 243 6.7 1.1 0.5 2.7
{4 analyses) - o » o o o
Hoe 4A 49,7 29.2 843 16 B3 044 2.4 3.1
{1 aralysss) S - B _ o ‘
Toe 3 ‘ 48.4 37,6 - 640 240 2al 0,3 1.7 0.9
(3 analyses) , : , e o
No, 2 47,8 42,4 1.6 2.7 2.1 07 0.9 1.8
. %bright & duil) . ' . '
{2 analyses) ~ | o o N
Ho.8 43,3 89,4 5.3 146 5.7 0,7 1.6 2.4
) (smathy coal) e e -
(5 énalyses } - e S
. Hoe 2 47,9 37.5 - 27 2.7 0 444 0,8 246 1.4
{gas coal) ' ‘
(5 annlyses) B ' S
fios 2 45;2'.39@2 3.0 2.1 546 0,8 1,2 25
(16 analyses) - 7 N , _ o
Nos BA 47,9 36,3 3.3 2.9 . 548 1,0 1,2 146
- {2 analyses) ) | S : L
No. 1 D 48,9 39.0 249 . 241 3.0 0,5 047 19
(10 analyses) : o o

Brezﬁen,Area. 

Seam A .. 62,8 28¢l 447 L.l 344 1.6 1.6 1.7
i (l&ﬂ&l&ﬁiw"- 4 ‘ o - : .

- SesmB 507 24,7 5S¢l 240 73 E,0 246 5.6
(1 anaiysis) L ‘ _ i “
Sean C : 45;_‘5 3le3 - 4,7 1.5 72 2.4 1.8 5.6
(1 analysis) o _ o
Sean D 54.2 206.8 4.3 240 43 Bal 340 3.3

Ermslo Arcn.

Sean A 54,0 23,0 9.8 1.4 4.4 10 2,2 4.1

Seam B s 2348 6.0 148 648 2.4 1.7 5.1
(1 analysis) S ‘ ' a

Seam C 46,7 Ble2 6.6 1.5 5.7 1.4 2,0 4.9
. N ’ . . B : ‘i‘ ]

Vereeniging Arca.

_ Springfie 1d 43,8 36.4 345 247 65 112 2@1 37
. Colliery, ' , .
V.orking Seam
» (1 analysis)

Heidelbarg Area.

Botton seam 50.2 3843 3.1 2.1 3.2 0.1 142 1.8
(4 analyses) :



The fdildwing.average ané1ysis, on the burned basis, of 7
samples-of comercial ca;bonacéous £1int type refractory clay |
frum the-Vereeniging aréa is included for comparison. This

clay'occurs as a parting in the main coal seam in bhla area,

Si0s Alp03 FepOz  Ti0p CaO Mg0 Naz@ # KgO
51,0 44.6 © 1.6 0.9 1.6 0.5 ‘nil
_ While it is realized that there is a great variation
in the composition of coal ash, there does seem to be a certain
relationship existing between the composition of the ash and
the clay; as in the case illustrated above, The mineral matter
_ present in the ash would be exzpected to influence the quality
of the clays assoclated wikh the:COéls;'and the analysis data
| gi;enQSuggegts the selective concentration of certain elements
by the plants; however; owing to the great'variatiqﬁ of the
amount and kind of minera1‘matterQGTiﬁéa from plant ash; no
definite conclusions are possible on the basis of such meager
inforﬁation to explain thé‘exaetﬂrelationship of the plant ash
to the refractory clays,
| ~ Transporting Agencies, |

} The sediments giving rise to tne refractory clays may
have entefed the process of formatlon, according to Hbdson,
as. (a) the orlginal 80il of the d&pOSlthnul area, {b) as
sedlments carrled in suspension, in solution, or in colloidal
form, and laid dovn in the.depositionai’basin‘by streams drain-
.ing the areg around the basin, (c) as mineral ash from>deeéyed
vegetation accﬁmulatea either in place or transported frbﬁ areas
" in which vegetation was undergoiﬁg:oxidation;.and (d) as wind-
blown qust. (20). o -

. Geouchamical and Geo-Physical conuitions..

Refractory clays represent products formed by geo-
chemlcal~physieal changes involving the source rocks, - The
ezactwmeehanism‘of such changes is imperfectly'understood but
cersain suggesticus can be made on the basis of the eviﬁeﬁce :

coliedtedf
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The preaxarroo rocks were strewn over ﬁuch of the
Transvaal in the form of ground moraine left in the ares
deserted by the melting of the continental glacier that
covered the region in Dwyka times,Aand the mechanical
disintegfation accompanying the glacial movement was very
active in accelerating chemical destruction by exposing
fresh surfaces to attack by water, carbon dioxide and oxygen.
The breakdown of the igneous and sedimentary rocks was undoubt=-
edly hastened by this process. Under the conditions of glaclal
transport the full effects of oxidation would be curtailed and
it is probable that much of the rock flour carried by the ice
resisted chemical gttack until it was deposited as morainal
material. The chemical deeomposition'cf the dolomite that
was left in the ground moraine ﬁas no doubt speeded up through
jce abrasion: however, it secms more probable that the greatest
contribution of clay sediments from the dolomite were derived
from huge masses of the original rock which were acted upon
by meteoric waters which dissolved the dolomite and casried
otf the caiciumg-magnesium and alkalies; leéving behind a
residue of hydrous silicates; quartz, iron and manganesé ores,
etc. This clay residuum served as a source"for'the formation
of the refractory clays, decomposition of the other rocks ip’
the ground moraine also yilelded clay residues and in the case
of~the feldspathic rocks, the principal products are regarded
as members of the kaolinite group of minerals. (21). The
probable contribution of additional sediments from the break-
down of pre-Karroo rocks in situ and from the re-working of
all existing sediments is also recognised.

The flint and semi-~flint clays and refractory shales
appear to have been laid down as such in the form of fine
sediments deéposited 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 removal of SiO2 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
éhannsls and lake'beds.

The flint}and semi-flint clays and ailieious refractory -
shales differ from fthe 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 alumina content is lower. -The siliceous ~ -
refractory shales are characterised by their high quartz
‘content, The plastic clays contain non-kaolinite group clays
in addition to tpé predominant kaolinite type suggesting that
their alteration was much less than the flint and semi-flint
types.

The plastic clays_are soft and extremely plastic; while
the f£lint types are non-plastic. The éemi-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 concretionary, masses as could be Hm
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 oﬁe type would be
expected to modify the others; the effectiveness of héat in
producing the differences in texture is ruled out since the
flint.clays have normal amounts of water of crystallisatidn

and further they are fréquently found 1in contact with the
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soft~nlas£ic clavs which show no signs of heét effects,

The most adequnte explanation of the differences 1n
hardness of these clays, suggested BV Stnut's.wdrk on Ohio
clavs (23); seems;to‘beithe flocculation or coiloidal perticles
of tﬁe cpdiments; owing: ither to 1he ﬂxtre 1€ finenesu of the
pavt101eu thcmqelves or . to the inf1unnce of wa ter»borne e1ectro~
lytes such ns cqu~n d10x1de oharged water furnished bv streams
draining the-dolomite or the orgnn;c 301ds,formed invthe coal
— The pgriﬁy of the flint and semi~f1int tvhésAindicgte
that thé'decomboéition of the original sedimentsvwas very com-
nlete or thrt they were reduced to a state of fine division be-
Tore settliﬁg. - The settling of the éolloiégl nprtiéles'or finem'
1y divided matericrls wos not cnmnléte becnﬁse even tﬁe most in;
durated types show nlasticit# on nrolonged grinding, =nd in the
case of the fl?ﬂt claygs £pom Hevmonglkrasl fbe restored bﬁnuinﬁ
pronertieé produced by w~ter grlndqng this ¢lay ave nearly ecnal‘
to that of the chgcélate nlastic cley from Snfingé. There were_'
doubtless other comnlex Chénées‘thﬂt QCCompénied the formation
of the cl-vs in addition to the factor of partial'sepfling which
are nnt hronerly'pndefstobd.

To surmarize then, the plastic clavs snnear to represent
"sapropelic" décosits éssbcinted with the coal measures and thelr
formatinon mavy hé%e'been accnmnaﬁied by breterial action., Tt
would seem that ﬁhe'flint and semi;fi‘nt clevs snd silicious
refracﬁor#»shﬂles are best accnuntéd for‘bv the influx of very
fine term ugineus seagmentq ints dennsvtlnnsl areas; rvth or

Wiﬁhoutkthe'presence'of coal-formi.g plants, ~fer wh%ch‘partﬁairk
B se ttling inf1uen"ed nroha nlv bv the preS@nce of existing wqfer— 
borne electrﬁlvtps took place. The’301vrnc action of th
vvwaterubcrne'reagents doubtless éffécted the removal of iron;‘

alkalies, and even 311103, to lenvebbehind'njqonéentration of

hydrous'all i “m.silicﬁfe.‘
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Economic Aspects,

Pracstically all of the relractory clay mined in
the Trensvanl 1s used directly by the producers for the
menufacture of clay productes, Hining of refrectory clay
for sale 18 not an important consideration.

The successful exploitetion o the rafractory
clay iz the Unlen ls dependent on the following factors;

1. Charmcter and extent of reserves,
2 dethod of Mining.

B Transport . |

4, Uses,

Character and Extent of Reserves

An socurate sstimate of the total aveilabld
reserves ©0f refractory clay in the Union lis not easily
arrived at because:

{a) prospecting hss so far been generally confined to
easily accessible deposits 4in the proximity of the present
wanufacturing centres in the Trensvasl,

{(b) the mlddle Xeea @epo&its from which the refractory
cloys nre obtainsd at jrssent vary considerably in
character both verticslly and lsterally.

The resuits of exploratlon work in reoent years
bring out the slgnificant fesot that although the refractory
cluy reserves ars large, they are by no neans unlimited,
ﬁspaciaily in the vicinity of the present usanufacturing
gentres, ‘Thilg condition ls emphasized by the nesed of bhe'
larger firms to bring refractory clay from considerable
diétancea, p to 60 miles, to thelr VWorke in order éo
gaintain quallty standards. '

Cureful prospecting operstions with bore holes
and pits laid out amccording to a pre-arranged plan, are
esgential in order to determine whether the refrectory clays
in specific areas are sufficlently azcesaible to be mined
profitably. The dota available froin wuch controlled progs- —

pecting enable an estiwnte Lo be , - - . L
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made of the charactef and extent of overburden, waste rock,
and inferior élay seams. In view of the extreme 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 refrﬁctory clay deposits of the
Transveel ranges from 50 to 5,000 tons per month., The clay
deposits are subjected to considerable lateral and vertical
variation in quality and extent and the strata are generally
horizontally disposed with local conditions of undulation an@,
usually lie at shallow depths, which has resulted in the seldec-
tion of open cast methods for the bulk of the refractory clay
winning operationsw: |

There is little regularity in the thickness and charact- -
er of the overburden overlying the Ecca refractory clays, owing
to the general undulating character of the basement rocks,

This is particularly‘so in the case of thg areas underlain by'
dolomite which, as previously pointed out,_readily.forms solu~
tion cavities into which the overlying strata have slumped.
The proporticn of overbﬁrden to refractery clay which can be
miﬁed depends on.thg value of the refractory clay and alsov
whether the overbﬁiden can be used in the manufacture of
building brick or other products. The depth of overburden
séldom exceeds 20 feet in depth in preSent-commercial workings
and the overburden to clay ratio usually does not exceed 4 to 1,
The overburden is removed elther by hand,with power shovels;
or with scrapers, depending upon the size of the operation.

In general, the thickuess of the seams oflrefractory
clay encountered in the Ecca Series‘is not great, In some
workings, beds only 3 feet fhick are mined; although a more
uéﬁal average thickness would be 5 feet, The usable seams

are frequently
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interbedded with waste rock or inferior clay which imposes a
sorting problem;‘however, open cast methods greatly facilitate
selective mining.

The - thinness of the seams and the need for sorting
imposes considerable limitations on the tﬁpés_of miningtequipment
‘ugableblc.whidh lead to increased cqsts. In general, the
softer clays are mined by hand or with pneumatic toois or
power shovels; dragline serapers are alsoc used. The harder
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 shipmeﬁtt'
to the Works., o - -

Underground mining is resorted to at Vereeniging and
Q;ifantsfontein for obtaining clays too deep for open cast |
operations, Such clays aré taken out by drilling and blastiﬁg
operaticﬁs and they are traﬁSported to the surface by coco pans.,
This method of mining ié only applicable to high gfade clays
since differences in nining costs can be up to'S to 1 in‘favour 
of open cast methods.

Transport.

The distance and accessibility of the deposits }rom
major industrial centres are important controiling‘factbrs 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
sennot be ecoﬁomically‘shipped any great distance. The current
value of refractory clays in situ is 1/- per ton at most; the
bulk or»thé deposit being valﬁed at 6d, per ton or less. Where
railway facilities are available on'site; certain”clays:of ’
exceptioﬁal quality can sometimes be prbfitably shipped;
However, it is émphasised 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 the eofst of mining and tmsmrt, t.hem
are the usual charges for rcyalty to property ovmers, overhead
a:lminis%mﬁon, an& mintenance which must be applieti to the
o eost of the f:lay. | |
o  Uges. |
’me retraetozv elayf- ci‘ thﬂ Union are nsea ’by proﬁueers |

- in z m’@hﬂ? of elsy proﬁucts as fol:}.mu

{a} Gl.gy mfmctarie By far the largest conﬁumr of refraet-a '

o er,,f ¢lay is the cmy refraetorie« mﬁuﬂtry and becausca of ito
importance in this flﬁlﬁ. it wi 1.1 Tbe ﬁescribed in i’uxthar '

detail in a laﬁer ssction. N S ‘
(b} Builﬁiny Bmel ‘- Smt‘fh ‘A‘i‘rica is pﬁi-haps fiuiiqixe in the

-world in utiﬂ-i»iﬂﬁ mgh grade mfrastm'y clay foz' the mamx.fae- |
ture .of building, hr.icv};.‘ In the Hﬂion, "Golden Brovs" and
smilar shades of face ”;briek are prafarreﬁ over tha, nore
‘prosiac red brick axi& u‘hilé swmiwmfric‘bry cla'y# form a
portion of the niztur@ used for these bricks, quite frequently
high-grede refractory clays are usaﬁ as woll because of the
econonic Zfactors inmlvecl in the praﬂwtien and sal«c |
these bricz | ‘

{c) uﬂ 1t Glazeﬁ r; ar:a : 'R"—‘i‘raetbry é-lays are usna in the nanu-

fae&.tu?e of pewer. F:.‘go mﬁ allieﬁ salt &lazed p:t*ouuetu in arder
to proviﬁe the mixﬂ;ure 'vith safficient rafractcﬂne s to enable
- the vars tc be Mm:a "Iz.thau'b ﬂmtortiem | |
{é¢) Eaz’themaref Carthemvare bedies for t\he monufacture of
crockory, sanitary m;;:e, and elec‘%riea‘l insulators have varying
amounts ui‘ refractory clays incorporeted in them to produes

the ﬂeéimﬁ z&h;ys'i'cal progei'-ties@
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IV-NATURE AND PROPERTIES OF THE REFRACTORY CLAYS.

'GENERAL STATEMENT.

A controlled investigation of the constitution of
five seleected South African refractory clays = together with
their more important ceramic properties was undertaken with a
view to bringing to light some of the underlying reasons for
the vﬁ;iégg phenomena observed in industrial utilization of
thesé“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 fo determine the effect of the geological features
of sﬁch deposits in relation to mining and manufacture.

A pfelimgnary investigation of the beneficiation of
,§9ﬁe spuyh‘Aﬁyican refractory clays through pH control is
presenmted,

CONTROLLED INVESTIGATION

General Statement

Refractoryrcla&s, although classified by the ceramisi
into general groups, i.e.- f;int; semi-~flint, plastic; etc.,
~show intense individualism'when studied in detail. They
possess inherent variable propertiesvrésulting 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
commercial refractory clays selected as being representative of
the types employed in the manufacture of fire-clay refractories
in the Unlon. These data include investigations 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.

% See ceramic definition for clay p.
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The general points involved in the 1nvestiga§ion of the con-
stitution of the refractory clays include:
1. ANature of thé predominating c¢lay minorals present.
2. Composition'and amount of accessory minerals.
- D ‘Particle Size,
4, Base Exzchange phenomena.
Lethods of Investigation.
All of the methods used for the ildentification of the clay
. minerals and accessories are comparative and depsnd for their
efficacy on the existence of relevant data for pure minerals,
few of which are readily available. They are also 1imited by
the effects of varying grain size, and muiual interference of
the minerals in the mixture. In consequence no one method can
be relied on to produce reliable rosults. It is the purpose of
this investigation, therefore, to apply as maeny methods as
possible to the determination of the clay minerals and accessor-
ies present, Differential thermal analysis seems to offer one
of the most informative methods available for the study of clays
and it has been features in this work, _Xsray.diffraction spudies
are included, supplemented by optical examination,‘quantitativé
chemieal analyses, morin dye tests, and spectrochemical analyses.,
Particle size determinations and base exchange studies were made
and the results of radiocactivity measurements and observations
‘with the electron microscope are given. Ceramic behaviour was
determined by laboratory tests evaluating the plasticity ,
réfractoriness, ahd drying and burning characteristices of the
selected clays. |
The full prograrme bf study is surmarized below:
1. Differential thermal anlysis
2. X=-ray examination
(a) Spectrometer method
{b) Photographic method
- 3. Optical examination
(a) Thin section study
(b) Powder study.
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4, E’lec tron. I'ieroscope.
B '-.1uan%‘it‘ative» chamiaal analysis .
6. Iorin Dye test..
7 Spéatroncheﬁica'l analysis .
8. Radio activity, |
g. Particls size ﬁiétrifbuﬁicn.. :
10. Base exchange phenonena
. Mgchingg ;ethoﬁ.
be Eleetroﬂ;yalysia nethod o
11, ceramic behaviour. ' o
| 4.+ Plasticity
by Dﬁing‘,sﬁr‘iﬂkage
¢y Dry Strength ,
d. Burning shrinkago
. 8+ Durned stromgth
£+ Refractoriness.

Clay Dineralss Gene ral Staterent.

Refractory clays n general are c.mposed ossentially
of the clay minerals together with *mfit:u_s accésséry minerais.
The clay minerals are broadly classified into threec
gioups: | ’ ‘

" 1. ZKaolinite.
2. iontmorillonite
| 2., Ilite.

The. principal members of each group together with
thﬁii salient ceramic propertiss are givenv in Table VI.
(24) (25) |



Group

Members

Characteristic
Cerami¢ Properties

ﬁlaking in water
Plasticity
' DTy Bond Strength

Base Exchange
Capacity

Fired Colour

Refractoriness

¢lassification of
Kaolinite
Kaolinite-—(OH)8A148101o

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,

'l'a!‘).l.é &.L o

the Principal Clay Minerals
Montmorillonite
Montmorillonite--

(oaai 8% S0B0

Beidellite--lower silicon,
higher aluminium. '

Nontronite-~aluminium re-
placed by ferric iron.

.Saponite=-aluminium com-

pletely replaced by magnesium,

lower

in aluminjium than kaolinite.
Difficult Basy
Poor Good

© Poor Good
Low - High
White Coloured
High Low

Illite

T1lite~—(OH)4K Als(Sig yAly )0
nyn varlingAfrom{l?%o‘igg

"Hydro-micas",

"Sericite-~like" minerals.

Intermediate
betweean

kaolinite

and

montmorillodite ‘

groups



The wide differeﬁcas anong the properties of the three
groups are fundamental and result from differences in their
atonle structure,

| Atcnmic Structure

The principal clay minerels are crystalline end with
few exceptions ceceur in flat platelike particles.s Bragg (26)
stetes that, "Their structures are based on the haiagonal nete
work of linked silicon-oxygen tetrahedrons." "Two main struce
tural units are present in their atomic lattices: (1) The
aluminium hydrexide (gibbsite) sheet ecnsisting of two layers of
closely packed oxygens or hydrcxyls between which aluminium
ifons are embedded in such a position that they are equidistant
from six cxygens or hydroxyls tc form a retwork of the composie
tion (OH)gAl,045 and (2) a sheet of tetrahedral silica (S104)
groups which when linked to form a continuous hexagonal network
has the composition 814010.“(2)

Kaolinite Group

This group has a crystal structure known as the 1 : 1
iattiee type. "The unit cell congists of a gibbsite sheet and
a single tetrahedral silica sheet which are held together_hy
the valence bonds of four oxygens which occur commonly in both
layers." (27} The group ineludes four polymorphic varieties;
nacrite, dickite, kaolinite, and halloysite, which, according
to Hendricks (28), differ in degrece of disorder in stacking of
the layer units as: nacrite, nll; dickite, slight; kaolinite,
consSiderable; halloysite, great. Kﬂolinitéj dickite, and nacrite
have the formula {0H)8A14814610. Halloysite, according to
‘Roverts (24), is thought to exist in two forms: one {(hydrated
halloysite) which contains two additional Water'molecﬁles, and
the other (halloysite) which is chemically s milar to kaolinite.
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 étacking_already mentioned, halloysite
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differs further from the other kaolinite gréﬁn minerals in that
the crystals are éwall, and 1~th or rqd'sﬁrped, while those of
kaclinite cnnaist of hevagonnl “iates.

»Anauxité, which hag th¢7formula (QH)8A14Si4016;81025‘13'
élso inoTuded in tﬁe kaoliﬁité aroﬁb. The exgess_silica whidh
characﬁefises this minéral is sungeéted by Hendricks (28) to be
present in_thé-kaoliﬁite‘étructure aé neutral_silica lovers
with thé constituvtion SiOé, or nnssibly 4S105,Ho0 alternating
with the kaolinitﬁ'iayérs'in irrezulér sequence, thus making
nossible a sériés‘between.kaolinite and anavxite,

“‘Henﬂ?icks (ZQ).stétés that.iscmorpbi§ renlncementé'in
the ranlinite grdun are 1érgely regtricted to mhtual substitution"
of Al gnd 5% in the (Siz) pdsitidns with resulting variatinns,‘
unot{na fram‘Ross‘and Kerr (29) in the Siog;: RQOS raﬁio from
1.6 to 2.9 & 1. Hendricks_and Alexsnder (30) point out that if
.iron_oxide covbined with silica exceeds 2% Fézos, or if more than
1% of_ndn-exchnngeahlé potassinm or ﬁaghesinm is determined, |
cia? minerals other than the kanlinite grouv éré present,

villite Group

The ﬁnme "i11ite"” 4s genérﬂllyvused as a groun classifi-
- cation for clay minerals of the "hjdrsted mica®™ or "sericite |
like" t?pe. The general‘forﬁula pronosed for.thié_groun is
(om) 4KYA14(Si8_yA‘1y)"0;25 with "y" varving from 1 to 1.5. (27)
The structure of ﬁhese mineralsbis of the 2 : 1 1a+tice.tvpe,
'.consistiﬁg of two silica sheets and one gihbsite shéét.- (27)

The S1 positinng avefrénlﬁced-by AT and the reéulting'excess
charges éat*sf*ed by Kfions between the gilica sheeﬁs of two

- successive unitse.
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Replacement cof Aiﬁan the gibbsite sheet 1s considered possible.
(27) Isomorphous substitutions of ¥ and of Fé and Mg for Al™*
lower the Alzcg contenﬁ by 25% according to Pask and Davies. (27)
The illites therefore comprise a complex series of minerals,
the structures of which are not compleiely known. .
jontmorillonite Group

This group includes four minerals: montmorillonite,
beidellite,'nnntronite, and saponite; all of which belong to the
2 : 1 lattice type, i. 8., two sheets of silica to one of‘gibbs—
ite (2). Vater is loogely held betwsen the silicate 1ayers and
varies with the humidity of the atmosphere causing corresponding
expansion of the lattice which characterises this group {27).

The general formula for montmorillonite as suggested by
Hoffman, Endell and Wilm (51) is (OH)4A14Si8020.nH20. Partial
replacement of the Al in the gibbsite sheet by Mg and/or Fe is
possible and if the substitution of rpagnesium is complete the
mineral saponite is derived or if ferric iron, nontronite (27).
Marshall (32) states that beidellite is structurally similar to
nontmorillonite but substitutions of Al for 5i cccur in the silica
sheet. . The va;idity ¢f this spehies {beidellite) 18 open to
question according to Pask and Davies (27)_v They cite Grim on
the belief that beidellite may be a mixture of several clay min-
erals and state their conception that this mineral is an inter-
layer nixturse., | T

Accessory Minerals

Allophsnes {or aliophanoids): All non~¢rystalline solid
solutions of silica, alumina, end water are included unfler this
term. Salmang (33} gives the range of compositions as Alg03i0.3=--
1,35105.1.8=8.5 Héo. The'élloyhunes are thought to be present in
smal;'amounts in practically all'clays;‘howevér,_Ries {34) points
out tnat there is always socme doubt as to whether these amorphous
¢lay minerals are definite syecies or sinply absorptiou.compounds
of colloidal silica and alumina with variable amounts of water.

Other non~clay ninerals: The hydrous alumina minerals

including gibbsite (alpha alumine trihydrate}; boehmite (alpha
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‘alumin& mcno-hyaraﬁe), and diaspore (bata alumina monchydrate )
and @li@hiﬁ@-(&n.am@rphous woriety) have bean found 1n certain -
ovﬁrseas<ciay3 iﬁ varying amﬁﬁn%s;' Fusecovite, quartz, calcite,
~pyrlte hematvte, limonite,: gcethitF 1eucoxere and manganite,
'as-mell as carbonacecus materxalvaf-v“riousytypesuﬁre kncwn‘aa
oteur as ¢ommon impurities in§a1avs. | |

Be eriptinn ef S@lected namrlcs

Haster sampjes of anpreximﬂtely 50 rguqﬁﬂ cach were
'callecﬁeﬁ from stock piles of {ive commorcial refxaeuory tlays
ﬂormally ugea in the manufacture of xefraeiarlﬁs.

| The sawyleg_were ﬁnspeetéﬁ for haréness, c@lcur, fraatureg
structure, terture, an& visible impuritias‘ Hardness was detere
mineé rnughly by the ease with which the lump nwas broken. This
proy@rty variss with the differmnt uypes of clays and is useful

in estimating the euse an& manner in vhmsh it moy be ground in

’"wp?eparatlan for mﬂnufacture._ Hardness also contrcls the tLype

of nartiel&s preﬁucea in the sruahing, grinding, ané qereening

of the alays. Tha soft clavs bra&k down reddiZy, yielding small

- round @artieleﬁ, whereas the semi«fiint &nﬁ flint types wnlch

are rofiveed with dizfieuwty yr@&uea aarp angular fragménts,-

.The fracture of the nmaterial als@‘inﬁicauas the type of fragments

obtained iu’grin&iﬁg_ The szmylea mere also examined foz col=

our, This property sServes merﬁly t6 1dentify the clay in the

-iaw state, since original colaué geﬁérally“hﬂs‘;ittle‘cr no ef=

fect on burned colour. ” - - ) |
' The1stiuatnre.0f the elays,binclﬁ&iﬁg thefeﬁxeﬂt»@f be@?_ |

ﬁiﬂg;'tﬂxture, whother course or fine; the ﬁexturﬁ. ar»éegrae:@fA

*hoaagarelty, were also recordeﬂ, such data are yarticularly -

nor%ant in mining oyeraﬁmns an.d alas usafu; in manui'acturmg.

The vigivle impurit ies wers noted. The principal onmes

are: quaztz, in the form of sand grains or concretions; irbn;

in tne_form.of.ﬁéldmrigg oxides along the "jolnt planes or &is—

pe.sed througheat’the_clay seam as a ynll@w,,bicwn, or red staing

_ carbonaceous mabber GiScoléuring'thé clay black or brown; and

,maﬁganese éﬁ staining aldﬁg joint'planes ar'ﬁisseﬁinaﬁea thfeughév,'

‘ou$ the cla?»
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This deserintive Inform-tion on the selected clavs is
tabulated and photographs of lumps of the moterials are given

below, ' -, e , F

Clay I

Type: flint
Orfigint: Hammanskraal sarea
Hardness: verv herd
Colourt grevy
Fracture: chonehoiderl
Structnre: thiekly bedded
Texture: homoreneous

sible Immurities: nil |

Clay II

Tvpet £lint (carbone
aceous)
~Origint Vereeniging area
Hardnesst very herd
Colour: blaek
Fracture: chonchoidsl
Structure: thickly bedded
Textrre: homoceneous
Visible impurities: car-
bonaceous matter

Clay ITI

Tvpes semi-~flint

Origin:: Springs area
Ra?ﬁﬁess: hard
Cnlour: grey

Fracture: Hackley
“tructiire: thickly bedded
Texture: homogeneous
Visible 1mpurities: nil
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Clay IV

Clay

Tvpet plastie

Oricin: Springs area

Hardnesst: soft

Colourt: choecolate

Fracture: earthy

Structure: wvarved

Texture: alternations of
11icht and dark coloured
material with included
organic matter

Visible Impurities: irom
and manganese stains
and carbonaceous matter

v

Type: sllicious refractory
shale

Origin: Vereenigzing area

Hardness: medium

Colour: reddish brown

Fracture: shaley

Structure: shaley

Texture: mixture of fine
clay particles and
coarser cuartz grains

Visible Impurities:
abundance of ousrtz
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= Differential Theraal Analvsis

General Statement

Differential thermal analvsis i1s a recognised method
of mineral determination which has nroved n-orticnlarly usefnl
as a measns of identifving and estimating the ¢lav minernls,
carbons tes, hydrous orides, and other suhstences which vield
diagnnstic curve prtterns by this method,

The technioue 1s brnsed on a studv of the thermel history
of a substrnre revesled By the smornt of energy recnired or
relerged when that substance undergoes chemieal or physical
chences on heating or eonling, These thermel chanses mny be
due to loas of mechanicelly or chemically combined wrter, oxide
ation, or decomnosition, or changes in ervstsl structure,

Tn nractice, differentfal thermel snnlysis {s normally
earried ont by identfcally herting the sermmle tozether with a
thermally fnert meterinl at a e~nstent and felrly renid rote
to about 100000,; or ag near to fusion as pnssidle, in an elec-
triec furncee, Temnersture differences beﬁoen the s2wmle end
the inert msterinl sre mensured by mesns of a d1fferentinl ther-
mocouple 2nd these dets ere reenrded, torether with the sctual
furnace temperatures meecsured with a normal t-ermocounle, to
give a curve pattern., The usual method of {1lnstrating tr-se
thermal effects is to nlot the erothermic chenres ghove and the
endothermic ~hanges below the gero or bese 1line, The fins)
curve pettern shows the msomitude of the thermnl effects, the
actval temperatures at which they ncour, and whether they repre-
sent endothermie or exnthermie chanres, These cvrve pantterns
are dirmnnstic of vartielrr minernls and oan He used to invest-
izate thelr presence, either alone or In adnixtures, This is
acgomlished by eomparing eurves prepsred from the pnmnle w'th
curves nhtsined from Imown pure m&neralﬁ aincey, ag In Xeray
patterns, a mivtvre will g*ve g swerimasition of cheracteristie

affects of individral ghmnrents,



lllllllll R T B T —— I T i i e . e T ik A =1
L

» -

g .-

- e T I..l..l..I-. — e - i ——— ...I..ul e | i g - SR ———— — —— _ L

f
4 2IckTRy. WiRar. SLNGHEdaIE o a??qi £l uﬁéﬁ Hawarns, T E

g [y -

i
ad {_......uu.“..._____“_

F
— ﬁ Y . __ | ASIA - NV

,‘ .&_ﬂ_ _.nd .....ﬁ.u_ww.,um..u
* ..

_

_

rlk




«The

Fastore which require stenderdisation if resmlts are to
be repradueible are duplication of hesting rate, size of pere
ticles, denatty of npéking of somnle and reference mrterial,
and ~ositioning of the thermoecounles, A eommon nrohlem en=-
ermntere? In this method 1s the tendency of the zero or hase
1ine to devizte from the horirzontal owing to the necurrence of
temnerstre changes other than the differential thermal effects,
This thensmennn 1s Ymown =8 the "hage line drift" and can be
eanged Dy wmeven heating of the gpecimens ov changes in shrink-
age and snecific heat of the samnle uwpon dissociation, meven
heat’ng rates are usunlly due to fanlts In desien or construction
of' the anparatus and can be rectifted, The nther esuses are not
engv to overcome since thev rere tdhevent‘nronert!es of the matere
ials beinr tested, No attem-t has heen made in this work to
correct for hepe 1ine drift ~nd the resnlts are nresented as
obtrined, In general the reprodnetbility of the resmlts is
good with the spperatns deserihed below,

_ Apparatus snd "rocedure

The arvaretus ennstrneted By the enthor was simllar in
orinciple to thet designed b,v‘ Yorton (35) and Rerkelhamer (36)
w'th gertsin modifiertions adonted to permit avatledble instru-
ments to be used, Tn renerel the ecuirment eonsiszted of an
electric muffle furnace, s~mnle hnlder, thermocounle, and tem=
perstvre recorder, A disgram of the set-un 1s miven In Firure
b L

The electric furneace was constructed by winding a "DY
trpe andaineite 'r'mfﬂe., 6™ high x 6" long, with Wichrome wire,
and insuleting 1t with €" of expanded vermiculite., fne end of
the mffle was closed gnd a plug made of insulating firebrick
'was provided to seal the other end, The furnace temmernrtire waa
mameally eontrollad Br menns of 8 slide wire resfstance so as
to maintain a herting rate of anrroximetely 12°9C, per minuts,

The samle hnlder wns nreprred by drilling twn cirenlar

cavities, *" in dirmeter rnd 2/4" deen, 1/%" aprrt in a chrome
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steel bloek, 1-3/8" x /4" x 7/3", Smrl) holes were Arillaed
in the wall »f ssch eavity to admit the themacmnlen.’

The s~mnle as rece'ved, mdirted ant untrertad, wng gromd
to pass a 48 mesh Tvler screen snd tammed in nlasce in one cavity,
and alundun, which is thermally fnert in the termerature range
of these tests, wss rlpced In the other, |

A two-Tunction, chromelealmmel 4differentiel thermocouple
eonsisting of two lezds of chromel, joined by s ¢orman lead of
alimel, w-s nrepareds one iunction was Inserted Into the ssmrole
and the sther nto the Inert materisl, The chromel-alumel ¢
couple ~as preferred over n» platimmeplatinm 13% Fhodivm couple
bec-use of the laorper e.m.f. dﬂe‘imped for the mame temperature,
and becruse of 1ts greater sensitivitv., A normal nlatinme-plat-
‘fmum 137 Rhodirm thermoeouple was ‘nserted in the Inert wetertal
to record the frrmace terrernture,

The snmnle holder with thermneounles in place, was set
on a monel metel stend, svnported Inde~endentlvy of the furnace
and go mrrrnzed as to rositinn the samnle holder in the center
of the muffle, The fnsulsting firebrick vlng, srooved to carry
the thermncounle lesds, was then put ih place and seelinc of the
mnmcé wes gcomnleted with asbestos wnol,

A Brown multi-noint recording fnstmment with huilt-in
cold junction commensstinn wrs used to record hoth differential
and actual temmersztures, Tn order to ob¥rin plus anad mhﬁus
deflections 1n the crse nf the Aiffarentinl temperatvres, a
betteary box In series with the differentisl thermoc~uple was
used to rosition theae reecordings eonventently on the chart,

The n~hle metrl gounle measring furnace temperat re wrs direct-
1v eonnected to the recording inatrument, The recorded resnlts

were renlotted to present the dsta in conventional form f-v
compiRigon with the work of other investiastors,

rperimentsl Results

Ynce trere weos no other dAifferentisal themsal analysis

*
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eouipment in the ni’n st the time, 1t wrs necessarvy to check
the overation of the anthor's eruioment ngainst the work of
nversess researchers, A ecordingly, duplicnte semples®* were
subnitted to Dr. H, Fess of Princeton 'niversity, Mr, H,F, Corl
of the United States Burern of ¥Yines, and Dp, R.E, Orin of the
T1linois Genlogicel Survev, .

The resnlts obteoined by these observers using different
anparatng ond onersting technicurs were plotted to the same
scsle snd are given in Flgure 18 torcether with the resvlts obe
tained by the writer on the artarstus descrihed, In zenersl,
the agreement amone the results wes verv good, Some wvariations
in the nositinn nf the endnthermic pesks =re noted in the curves
presented, which rre vervy prohesblv due tn differences in héatfnﬂ
fates by the different workers,

Reference sam les 1l1lustrrting each of the nrineinal
eley minerals were oht~ined from rim, and thermal analvais
curves of these specimens were nepprred., LUata on the chemical
analyses and oricin of these refergnce clavs are given in Table

vIY.
Thermal Analzgég:@f Fanlinite: The decommnsition of the kaolinite

snecimen on hesting to 10700°C, 18 shewn In the fnrllowing cnrve,
given in Pirure 19,

Two mafjor reections a2re noted (28, 3¢}t (a) the dehv-
dretiom of the kanlinite, vhich is renresented bv en endntrermie
change at about 6200C, under the eonditions of the anthor's
eoninments and (b) the formetion of crvstelline gammes slumina,
which ' here sce menied bhv g sherp exnthermie rerction at 9900,

The firet re-cticn 1t due to the lomr of strrecturelly
held witer snd 1s represented by the following chemissl eemationt

81,02.2910,,2H50 = £1,03.2510p o 250

#See selected clavs: 1-TTT; 2-T1; 3-IV; 4-V: ®p. 71, 72,



No. lgnition

Yook

No,

loss

13.87
6.29
4.86

S10g

45.18
58.48
64.41

Table VII

Chewical Composition of Reference Claysw
(In percent)

Alzoa

8,80
20, 27
20.80

Type of Clay

Soft kaolin

Shale

Bentonite

# Data after Grim and others, (37).

T10,

FegOg

0.31
7.74
3. 65

Cao0

0.00
0.352
0.83

Key to Table VII

Location

Dry Branch, Georgila

Mg0

Menard County, Illinois

Clay Spur, Wyowming

Ne

0.24
l1.28
2.86

Totals

100.5¢9
101.11
100.32

Mineral Composition

Xaolinite, wedium grala size

Illite (high iron variety), quartz (15%
trace of pyrite, liumonite,
Montumorillonite, quartz (1oﬁi)

kaolinite,

7)
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Tﬁe second reaétion coincides with the formrtion of
erystalline onmma alumina according to Tnsley and Ewell (40)
snd 1s represented by the following chemical eamation:

A1504.2510, = AlgOx ¥ mixture of S10, and AlpOg,

Thegse workers exnlein the sharp endothermic peak of thé
kaolinite minerels on the grounds that the Si0g present retards
the erystallisstion of the gamma A1203 so that when 1t occurs
1t does so very repidly end the hest of ~rvstesllisation is liber-
ated snddenlv;-

Studies by Eitel (41) show thst there 1s no chenge in
the electron mlicroscope nicture or diffraction dlesgram for kaol-
Inite hested from room tempersture to 500°C, Diffvse hnlos
anpear in the X-ray diffresction petterns and remain unchanced
up to 200°C, in sharpness ond position, but increase in intensity
with rising temperature. A1l of the kaolinite lines in the X-ray

dingram dlsspnear st about 900°C, end millite 18 detected above
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110"9C, ‘feeomdinT t~ Twslnap (42), cristobnlite 1lines nlso

bezin to m~ke their apnenrance at this tewerature,

Seme factors infinencing the gize and nnsition of the
exotrermic pesk for kanlinite are given sa followst
" *(1) Zmsunt of keolinite present 1n ssmmle,

(2) Particle site, “imultanemsly flsceuloted silles rnd
alvmna cels ~ive Inflecti~ns at lower temmeratures than
nzturally ocerrring knolinite, (40)

(2) Crvstallinity of the meterisl, Calllere, ;‘émin, el
Tere (4%) hrve shown that keolinite snecimens recrvstellis-
ing through the 9500-1000°G. ranre zive lsrre e-othermie
nealkg and thrt specimens shoring noor crvetellia-tinn,
by Xerrsv methnda, zive = small exnthermic neck, Fredericke
aon (44) gugrests that the mnén!tuﬂe of the evnthermic
~henomennn seems to be the conseruence of a ouasi-ernlosive
cruse of the ra-grvstalligestion process and anvthing affect-
ing the rate of crvstallisetion also affects the exothermis
pesk, |

(4) Tature and am~nt nf fixed icns, Calllere ot gl (47)
found thrt the fixstlon of A}, .H,.or WH3 -incressed the
maznitude of the evothermie pesk while ca, Wz, ¥We, K, PFe,
and nlkeline esrths decressed 1t, Thév noint ~ut that
the e¢rothermic resction of some clevs esn be affected to
such an extent thrt 1f the elav bohaves as an ¥~ or ¥Hge
clar, the iInflection »f the thermal curve does not imnly
necessarily the evistence of kaolinite,

(5) Rote of heating,

A1l memhers of the kanlinite croun are cheracterised

by a sherp exothermic pesk =t about 980°C, fﬁriatimn in the

temperanture at whieh the endonthermic nesk onceurs 1s elaimed to

distinguish sertein of *‘re individuval groun members, Thus the
dickite venk et 6A95°C, (27), and the naec~ite me~k above 89359C,
.« (27) womld Aifferentiate these minersls from keolinite perks,

- (5809-62560C,) (27), snd hallnvul ‘e necks (555_,56500.) (27)
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Accordings to Spell (45) 1%t 1s not prss'hle £o dlstincuish
anauxite from kaolinite on the besiz af theranl gnslysis alone
gsinca thelr peck temerntures are aimtlar,

Thermal inslvsls of “ontmorillonite: The themiel changces

undereome In hesting the montmor!ll-nite saemle to 10009C, are

shovm on the curve below, In Picure 20,
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Three endothermis re-ctions ere noted, the last of which
13 fallowed by an svnthermie chrnge,

The first pezk st sht 1%50. renresents the loss of
mect~nically held wster, The sec md peak st ghout TON®C, revre-
sents s partisl dreskdomm of the le*tice structure whigh s
presmmed tn he e~rmmletely destraved in thls c=ze st ahout 8950°C,
The final exothermic pesk 18 ohserves? to oserur at 1070°C,

These resnlts eomn - re favourehly #tth those of other

wor'rers (27) whn repont tre first neck evtending from 101%-.30n°¢, ,
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the s-cond #1374 tlv anove "NN%A, “ut verichla, ~nd the third
peak, which 18 ati1ll more verishle, between UN°C, and 970°C,
The final exoth?rmic pesk acenrding to Grim is demendent unon
the 1ron eontent, 1.0., the lower the iron enntent, the hirher
the temnerstnre ot which this nesk nceurs, Thus reletively iron
free Tevas montmnrillonite dnes not shew this peak vntil 1080°C,

The dacommositinn of the montmorillonites br hert has
not heen studied In as ~reat dets!l as 1s nnsszihle In the cnse
of kanlinite hecsuge of the rregter varistlion In comnasition

of these minercls,

Thermal ‘nalvsis ~f T111te: The thermal evrve for the {171te

ssmnle ns shown bhelow in Pigure 21 depicts the trermal dissoci-

ation of this material,
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ghows three endothermic neaks with 2 £1nal evnthermie chanre,
The firet peak ~ccurs at about 1509C,, the seeond -t 5209C,. .
gnd the third at 960°C, The exothermiec neak nocnrs at sbout
980°C, These reslte are in falr acre-ment with some published
data om 1111te; however, becavse of the oomnlex nrture of the
1111tes, n variety of curve ratterns i3 to be exnected.,

Surme=ry ~nf Resvlts on Reference Specimens

Both the 1111te and montmorillonite ssmnles seve much
wealer thermal resronses than the kaonlinite, The amlified
curves recrmmended for an Intensive stndy of the non=kanlinite
grovns are sutside the acorne of th1s emminments howewvar, the
genernsl shepe of the nrtterms nhtolined was snffictiently well
defined t» be comered with the work of other Investizntors,
Conaldering thet both the 1111tes and montmorilinnites inelude
a enmplex geries of m'nernls, g wide veri-tion in the thermal
effects nmay he exnected, and nnder some circumstances the ther-
mal method salone wnld not provide a method of dlstinction be-
twern them, Desgnite these 1imiteti-ns, the curves 4o 1llustrate
the pronoineced Adiffersnces broupght nut by the thermal method
between the kanlinite snd the other elay minersls sromng, and
indicete the scone of usefriness of the mo'had as & ranld means
nf evalusting the Yaolin twvne clpva.‘
Thermal Analvsis of Other 'ineralp:

' "uartz: Tstimation of ~usrtz 1s baged on the measurement
of the enersy chence which accommenies the alnha tn beta inver-
slon at 57409C, This chance 1z smsll (2,5 celories ner gram (46))
and under the hest test conditisns the tempers-ture chenge 1s of
the order of emly 300, for a sample ennsfating entirely of enarts,
Por tre estimrtinn of qu-rtz it Is therefnre necesssry to em-
plov 2 =ore zensitive tachninme then used in the other determin-
ations, (36) The d1fferentisl thgrmal thermocouple was there-
fore commected to a Rrown rotentiometer, and tha 4ifferantial
temerat:'re recorded mrmuelly and plotted by the noint method

against the furnace tempersture which was sutomatieslly recordedy
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in other resnecta the apparatus used 1s the same as described
" previously,
A thermel curve wes nrepared fnor g ssmple of qurrtrite
(Rlack Reef) conteining 62,5% 8105 and §s shown below, in Pig-

ure( 23,

It will be seen thest the malor tempersture eoffect 1s
\confined within a narrow range of temperature, the nesk occurr-
ing jJust shout at 574°C,, the accerted temersture at which the
slpha to beta inversion cecurs., The anmmt of "base line drift'_
is lnrge'because of the rronounced increase of the speclfip heat
of rmartz with the rise in temperasture,

Becruse of the wverv small thermsl resnonie of qusrtg
oscerrring in a temperature rance where the prohounced endother-
mic effeets of kenlinite teske plece, 1t is vnderstandable that
the nresence of this mineral 1s not detectable in the presence
of kaolinite or any other minersl giving a lerzxe thermal reac-
tion around 5740C, 1In order to examine the thermsl effects of

-tridvmite and eristobalite, a2 thermal curve was prepared on a
‘samnle of =1lica firebriek cntsining 96% silica, and shown by

Y=ray sveminction to entain these minerals with s-me cunrtz,
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The curve produced in accordance with the modified method jJust
deseribed 1s shown in Pigure 24, The small nesk at 158°C, is
taken to represent the tridymite inversions the neak at 250°C,,
the eristobalite inversion; and the sharp peak at or near 574°C,,
the alpha=beta 1nversion of ousrtz, All these chances take place
very nesr the accepted temperatures, The very small thermal
effects of tridvmite and cristobalite wounld make them extremely
difficult to detect in the presence of other minerals with
grenter resnonses,

Diaspore: A ﬁineral specimen from the Postmasburg dis-
trict, determined opticpllj by Nel (17) as diasnore, was kindly
contributed bv the Union Geolégical Survey, This snecimen was
 subjrcted to differential thermal analysis with a specimen of
commerclial diasnore ﬁsad for refractory purposes, from Missouri,
supplied by R.E, Grim, Thermal curves for these specimens are
shown in Fipgure 24, Tynical chemical analvses of the diasnore

samples are given in Table VIII,




Table VIII
Chemiocal Composition of Diaspore Samples

Location Moisturg Igig::on 510, Alg0, Ti0p Fez0y FeO Cal Mgo Nag0  Kg0 Cr,03 Totals

poamaab‘urij 0.8 14.9 1.0 82.80 0.3 0.15 0.35 nd nd nd nd 0.4 100.10
C.P.

(Doornfontein,

No,., M82) :

Swiss, Missouri2/ nd 13,10 10.97 68.45 4.29 1.70 nd  0.33  0.07 0.68 1.10 nd 100.72

1/ Chemical analysis after Nel (17).
2/ Chemlocal analysis after Grim end others (37).

-Gg-
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Ourve A , Fioure 24, of the ?’nstmag'mrg srecinen, and Curve B,
Ploure 24, of the Yissrri savmle, both show a strong endother-
mie raactinﬂ hetween 500°C, and 6009C,, correstonding to the
loss of stmcturally held water, (07), from the d1as~ore, WHo
exothermic recctions were observed and these patterns are orn-
sistent with the characteriatie nstterns frr dissrore riven by
other investigstors (27, 35, 45, 47, 43), The weak thermal
effegts of the free nuartz knnwm to be npresent in the Missourd
diaspore samle ware arnerently bevyond the sensitivity of this
emuipment, |

Dolomite: Semnles of dnlomtte from demnsits in the
Traugvasl and “outhern Rhodesia we~e analvsed by the differentiall

thermal methnd and the curwes are given in Pimire 25,
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Curve A, Figure 25, for the Transvaal sample, 1s representative
of the dolomite limestrones oceurring in the Dolomite Serles,
The thermal effect shown by this material 1s e-nsistent with
the druble endothermic psttern obtsined for dolomite by Kerr
and Kulp (49), and Cuthbert and Rowland (50), The predominance
of dolomite 1s confirmed by X-ray examination,

Curve B, Figure 25, for the specimen of dolomite from
Southern Rhodesia, showed a well defined third endothermic neak
at about 650°C,, in addition to the ususl domnble endothermic
peaks indicative of dolomite, This pesk 1s attributed to mag-
nesite and the occurrence of this mineral was proved by X-ray
examination by Wasserstein,

Magnesite: Magnesite samrles from commerci=l sources
in the Transvaal and Sruthern Rhodesias zave thermel curves
shown in Figure 26, Curve A,.Flgure 26, of Rhodesian masnesite,
shows evidence of the admixture of a small amount of dolomite
as indicated by the endothermic dmblet arrund 870°C, X-ray
analvsis by Wasserstein supnorts this coneclusion. Curve B,
Figure 26, was obtained for the crystalline variety of Rhodes-
isn magnesite used for refractories manufactufo. T™e ‘thermal
pattern indicstes the predomlganos of - the magnesite minerals -
and this was confirmed by Vasserstein's X-ray analysis,

Thermal results in Curve C, Figure 26, for the Trans-
vaal sample, show the magnesite mineral but do not indicate the
occurrence of gquartz which i1s shwon to be present by Yasser-
stein in Y-rav examinotion,

. Thermal Analvsis of Refraactorv Clavs: Determination of the

clay minerals {in naturally ocenrring elavs) by differential
thermal methods 1s made di1fficult because of the possible pre-
sence of more then nne clav mineral, together with carhonates,
hydroxides, and organic materials which undergo thermal reac-
tions., Fluxes and other minerals may cause the thermal reactinns

of the clav minerals to ncerr st lower temmeratures or mav
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diminish the Intensity of the neslsa,

Raeference Clawvs from Miagsouri: Differential thermal

curves were preprred renresenting f1int, and nlastic tvpes of
#issouri fire-clerva sunnlied by Grim, and on ¥issour!i seni-
flint fire clay suonlied by R,3, Bradlev, Nirectnr of Resanvrch,
L.,P, Green Firebrick Co,, “exieco, Yissouri. Thess clavs were
intended as reference’mnterials.' Their cr'rves are shown in
Pirure 27, The chemicsl snelvses and origins nf these clavs

are given in Table IX,
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Curve A, Ficure 27, 1s tvpical of the kanlinitic pat-
terns obt-ined from "issourl flint clay by lfeller =nd estcott
(47).

Curve B, Fionre 27, renresenting 'ssounri semi-fisznt
clay, alsn shows a mood keolinite nottern which 1s in accord-
ance with "eller an  Testzott's findings (47).

Curve C, Fioure 27, of "issouri plasttec cley, 1s of 8

rgolinite tvne as well, which 1s 21=s0 confirmed bv Keller ond

lestcott (47).
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Table IX,

Chemicsl Anslvses of Reference Clavs from Missourl

Clay _ 1 2 3
Ig, loss 13,58 2.50 29,03
s10, 45.07 50.50 56.09
71,05 38.58 36,28 28,34
™10 2.47 nil 1.95
Fe,03 0.51 2,17 2,29
Cal 0.17 0.36 0.5
¥g0 0.08 0.36 0.50
Nugo 0,21 (o 60 0.28
Kg 0.08 (O 1,79
TOTAT, 100,75 100,07 100,62
2ort

Clay l--Missouri f1int clay#

Clay 2--Missourl semi-fiint claywus

Clay 3=-=Missouri plestic clay#

# Analyvses supplied by R,E, Grim, I114nois Geologicel Survey,

#¢Analyses supplied by R.S, Bradley, A,P. Green Firebrick Co.,
Mexico, Migsouri,

South African Refrsctory Clays: Oualitative thermal

anaslvses of the five selected clavs were made together with other
specimens i1llustrating the behaviour of varieti=s of these tvypes.
The chemical analvses of these clsvs are given in Table XIIT,
and theyvy afe further desecrihbed in the sccompenying 41scussions.,
The complex nature of some of the South Africen refrsc-
tory clavs tested and the presence Iin some cases of considerable
organic matter, make it extremely difficult to anply anv single
method for their identification; however, the differential ther-
mal analvsis of these semnles 4i1d yield wmich useful information
and offers.p simnle, oulck, and inexpensive means for thelr gen-
eral classificetion which envld be used to advantage as a method
of control in oroapecting and mining.

Thermal curves {(shown in Firure 28) confirmed the pre-
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dain-nce of the ¥kanlinite wrnun‘and sugrest kanlinite am the
prnciprl mineral nresent in the refradtory olay, but the ac-
‘eapanying ourrte 8o well defined bv Xeray patterns was not de-
teted by thegse meeng, ™Martz 1s ‘mown to oproduce r very weak"

eothermic reenonse at about $70°C., which in view of the small i:ff

movnt present 1s bevond thelsansit1v1ty of this enuirment,
sgmectallv since this tiny efreet oceure st ahont the same tem=
perat re range cé the strone endothermic resction of the kanline

- 1te, (See Figure 19,) The pronounced endothermic resctinms
shown in the eurves C, %, F, and J, Pigure 28, taking place
between 200°C, snd 4500C,, are duve ta'organ!e metter, The sige
nificance of & second lerge exothermic resctisrn immediatelv af-
ter the m-jor endothefm!c recsction, which i1s noted in curves C
snd J, Picure 22, 1s not definitely exnlsined although 1t might
possibly he the resnit of the presence of some orgrnic metter

Qhaving a relatively high combusticn termernture, Orim:, sfter
examining these partlcrlar specimens by thermal ana‘weis (see
Pigure 198), snggests that this second exothermic effect may be
due to siderite or orgnnic‘mstter: hewever, the nresence of
slderite comld not.bq eonfirmed by fkray or chemleal analvsis
by the writer,

The intensitv of the exnthermie reactlion around 980°C,, l
exhiblited Dy the ksolinite twvne minersls 1s ¥nown to be sn ine
dieation of the ammmt of slvmine present In the clav, ﬂithough
acenrding to ~mublished infrrm-tion, striai proportionality doegr

not amnly, The helicght of this peak mav be nsed as a criterion

for selecting nrobsble refractorvy clsvs,

For more ermmlate sgtndy of the ernstiintion of the carw
honaceous clevs, the orgeanic metter covld be destr-ved by oxida=
tion with hvdrogen peroxide, This was not done, horever, sinee
the poralthle effects of tris trestment on the other constituents
have n~t heen studfed 1n detall 1nsor?r as they asffect the

aAi1fferent?’rl thermel enslvsis,

#R,E, Grim, Tllinoils Geological Survev, Personal Communicsation



t + -92_- LERY " 3
. \

Clav I: Cnrve A, Fio re 29, £ar Glavy T, 18 that of

a rich kYaolinite twvpe clav.

Clay II: Thermel results on Clav IT, oiven in curve R,
Figure 23, indicate free orgrnic matter (carbon) mixed with a
kaolinite tvpe clav,

Clavy TITI: Curve 0, Fieure 2%, for Clav TII,.shbws a
good kaolinite pattern,

Clav IV: OCwrve D, Ffmire 2%, ohtained on Clav IV, shows
a kanlinite tvpe pattern, with ormanlic matter, together with =
ousntity of snother clay mineral which nrndnced no well defined
thermal nattern but surmpressed the tvnic~l kanlinlte exnthefmic
peak, Carl#*, whn evamined this clay, nnints ont that the Xe-rav
diffraction method 1s more sensitive tn small amonnts of the mont-
maorillontte than thermal enslvsis and that none of these minerals
were avident in the diffraction prttern he ahtelned for this
snecimen, He swgrests thot the nn=¥gniinite minernl present
is nrohably 1111te,

Clav V: OCnrve E, Figure 23, for Clav V, shnws the'effect
of d11ntion on the ¥anlinite curve neottern hv the lsrge ammnt
nf onertz present,

Curves F and G fnr Vereeniging nnd Snrincs cerbrnscenns
seml-f1int c¢lavs were distorted by the effect of nxidrtinn of
the organic matter present: hnwever, the prédOﬂ'nﬂnt_kanlin1te
pattern was resdtly distinomiashehle,

Thermal cnrves H and J for semi-flint clavs from Vereen-
1ging and Rraknen nlsn show goné kaolinite twpe patterns,

The endothermic chenges occurring In the low termernture
range below 2500C,, of the curves ohtained for the flint and
senl«f1int clavs, are not sufficlently —ell defined tn diagnose

the presence of other mineral ormins and Y=rav date do nnt summort

#H,F, Carl, Physietst, 7.8, Purean nf “ines,
Personal Comminieestion,
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trhe nccurrence of sipgnificent ammints ~f sch admixtures in these
clays., These endotharmic re-ctions sre most probebly dune to

the nresence nf machanically held ﬁater since the technirue used

did not include nre-drving the samples. The use of dffferential

thermrl analysls for distinguishing the tvpes of plastic clays

18 well 11lustreted bv enrves D snd X, sand this methed conld be |
adonted for eontrol work, (51, 52)

Surmary and Conelusions of Thermal Analvais

1, Differentlal thermal analvsis of the f1int and semi-flint
tvnes of South Afriesn fire-clay tested gave characteristie
thermal patterns of the kaelinite groun twne, the only
oroun detzeted, |

2 Owing to the comlex nature of some of the plastic clays
tested, as shown in cvrve D, Fiovre 28, differential ther-

- mal analvsis alone 15 not sufficient to 1dentify comnletely
the crnstituents: however, this method wnz helpful in
thelr menersl clas=ification and could be nsed as a control
nrocedure, The nlestic clavs are comnosed of the kaonlinite
groun minernals and ‘n some cases, as shnwn in curve K,
Figwre 28, organic matter snd possidbly 111ites are present,

Se Lerse ammuints of guartz occurring in the silicinus refraec=-
torv shales tended to sunpress the thermal cnrve pottern
ond mole 1dentificstion A1£ferult, |

4, Differenttial thermal enalvsis confirms thot thermal rene-
tions expressed by anertz are very feeble cnﬁpnred to the
1§rge ther™mal change accomanving the dissoelation of
Yanlinite and the oresence of this minersl i1s not detecteble
in the presence of large amowmte of kaolinite group minerals,

L The diasnore snﬁnle from Postmasburg gave a eurve in close

agreement with thst of the Migsovri ssmnle, although the
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latter contains accessorigl ouartz which does not visihly
influvence the thermal nnttern,

The dnlomite and magnesite sermnles examined gave ch racter-
istic curves for these minerals, The occvrrence of small
amounts of ou-ftz detected in the samnle of Transvaal mag-
nestte by X-rav examinatisn was not shown in the thermal
anaivsis,

The nossibility that small am~unts of other minerals in 11
of the mrtertals examined hrve escared detectinn bv the
differential thermal analvsis is recngnised,

Differentinl thermal annlvsis annlied to the fire-clay was
useful in eonfirming the presence of the kanlinlte rromn,
althruch 1t 13 nf lesser value for the ldentification of
the montmorililnnite and 1171te erouns in the nresence of
lranlintte minerals,

The nresence of nreganic metter did not obscure the solinite
gron pattern in the fire-clavs tested,

Differential thermsl ~nalvsis s s relativelvy strmle, inex-
penstve, and ranid method nf mineral determination and when
nronerly sunplemented bv onticel and X-rav snalvsis it fre-
ouentlv vields interpretrtinns nf identity not anverent

from the other methnds of exeminstion,
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General Stat'emhnt :

X-ray diffraction stvdlies sre psrticmlsrly valusble as
a mesns of identifi_e“atifm of the minéi_'élsf present in cl-ys, es-
pecially since -;t;ﬁg;s%ﬁnrticlé size of these mineral‘s.is, in gzenersl,
too small- tammit se&mplete 1dentificatinon ’ﬁv petrographic
methods, Results cbtained by X-ray 'pfo'ceg’ﬁ:*es are genemli'gv
less nffe@ted by m.tam" vari%%ies than other methodﬁ, tineer ;t!wx
are directly dspen&ent wvon atoﬁie atmﬁﬁm‘e.

The X-ray powder method ts important for idenﬂftestion
purpcses, Tt consfsts of .mbjﬁiﬁ_;ing a2 small amrunt of powdered
erystals, w?iibhjgh_eg the desired r;ndem ori’entnf:fzjigg f’f;'jd a narrow
b‘&am of ﬁéﬂa&sﬁi‘é‘aﬁt&% =X¢m§v‘s. Difmctian of tha 'Ka»ravs takes.
place in &awrdanw with Bﬁ;&gg*s Ecwatitmt

nkL = 2 ‘4’ aino
where}

‘n ecuals an 1nt&g€!‘ (uvsually I’ in powder 'p'iﬁ?biz?ea)ﬂ |

L eovals wave length of X-rays used

d equals a1 ;ga’ngfe."ajiepyle_eh atomic ‘planes (lattice spaein_g)f

é eouals di’f.fracﬁion ,aﬁglc.

The airrmctad X—-»ra*vs are reeorded on & ﬁhatographic rum and
since the tmaatngs amﬂ intens? tias of - ﬁha Tines are anpevndent m
atomie struetnrs and eonmoaitian, the reaulfant pattem ~hoto- 2
graphed gives absnlute i&entﬁfieatian since m two meterials
give &ient«i eaI @attﬁm; Identt ficat&mm Is accomplf gshed by mea-
suring the position and relntive. hxtmsittes of the more imvort-
ant 1ines; caleula¥ing the "d" valnea from the Bmsg E\ngfbion.
and ﬁéﬂarﬂi}g‘ tc: Y aa*balﬂgm!si 1&1’9@;; In. km&‘ml the ‘mber of
goineidmﬁ “ﬁ“ values 1s amnP pnﬁ the methad wm‘kﬁ ‘lik‘e? a ﬂnger—
p‘rj,nt fi‘.tg,, 50 t;hot ﬁn’y‘ m&ferial 1531;6(’1 13\@5‘&1‘3 lﬂe',fﬁ;’ifieﬁg (5.‘5)
| uaeﬂgl Yéﬁfaﬂiﬁn af the powder nethoﬁ is nccnmli shed
‘b-y the use of. t!xer mmﬁ’mg %fgawmm X-Tay diffm«atiﬂn



ceives the

i
o
e




Table X

X-ray Powder Data for Some Kaolinites (Speotrometer Method)
With Some Possible uartz Reflection Interferences

Cbserved Calculated Observed A B C D E Juartz
"a* values "d" valuesy Intensity "d" value "d" value "d" value "d" value "d" value *d" value

7,15 7.132 v 7,09 7.14 7.13 7.14 7.12
4.35 4,361 m . 4,43 4,35 4,36 4,34 4.38 4,22
4,17 4.164 n 4.15 4¢16 4-17 4018 4.19
3,566 (3.566 vve 3,54 3,56 3.55 3.57 3,56 3.34

2.561
2,553 2,558 a8 2,550 2.560 2,550 2.560 £.548

2,543
2,486 [g:jgg 8 2,498 2,500 2,500 2.500 2,485 2,45
2.331 °  2.338 e 2.329 2,340 2 .380 2.340 2,340
2,284 2.284 7 2,290 2,294 2,290 2.295 2,290 2,275
1.985 i'SZ% ns 1,990 1,995 1.995 1,990 1.980 1,974
1,778 1.783 n 1.785 1.791 1.790 1.790 1.765 1.813
1.659 i°ggg 8 1,664 1,663 1.665 1.670 1.670 1.667

&
1.618 1,614 0E 1.827 1.614 1.620 1.629 1.630
1.539 i'ggz m 1.540 1.539 1.540 1.535 1.530 1.536
" (1,487 '

1,486 1,484 Ta 1.491 1.487 1,490 1.490 1,488

10483 ) !
1.449 {i':gg © 1.458 1,453 1.455 1,450 1,451 1.448

.
0f==~m=memmemee——=Inereasing Percentage of JuartZe=e—em=--- ettt (41054

(acecording to H,F. Carl, U.,S, Bureau of lines)
% Brindley and Robinson, "The Structure of Kaolinite"; Mineral Mag., Vol. XXVII, p. 242, 194686,

_116-
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Key to Table X.

A==Clay IV (analysis see Table XIII)
B==Clay I " " . -
C--Clay IT " " . "
D--Clay IIT " "oow
" L. 4 ” ”

E==Clay V



recorder chart, which wes then svnehronized with the motor
driven spectrometer sprm, The sernning arm was driven at 1 r.p.m
and the recorder chart ét 20 inches ner hour, Isttice snacings
("a" velues) were calculated from the Bragg Fouation using 0
values obtained by observing the position of the peaks recorded
~rn the chart in relation to division 1ines rernresenting diffrac-
tion angles, The "A" wvalues and the nrincipal reflections given
bv the selected clavs are shon in Table X,. The results are
arranged 1n ascending order of quartz content in acenrdance with
estimetes made on these partifenlsr samples by Carl who has
develoned a snecial YX-ray techniove for such analvses, (23)
These estimates are as fnllowst

Martz Contents of Seleected Clavs
(after Carl#)

Clay Marte
‘T 5%
TT 5%-10%
TIT 10%-15%
v )
v 35%-40%

The data glven for kaolinite and other clay minerals
in the Wanawalt Tsbles snd ~ther mmblications varies consider-
sbly, It was decided to take the recent dats given by Brindley
and Robinson (55) as a standard for comparison because of the
detalled neture of thelr stndies, The "A" wvalues for guarts

are also included,

Photogranhlc Method: Xe~ray nowder nhotogranhs were made by

Dr, B, Wagserstein of the selected slavs together with a sample
- of Misaouri f1int clay suprlied by Grim and ‘nmown to contain
kaolinlte as the nrinclipal mineral, A Picker X-ravy unit was
used on which was mrunted a Debye-Scherer camera 114 »m in dla-
meter, such as described by Ruercer (56). Iattice snacings

("d" values) were determined in eollaboration with Wesserstein

# H,F, Carl, Physicist, 1,3, Bureau of Mines,
Personal Comminicetion



Observed

7+15
4,35
4,17
3.566

2,553

2,486

2,331
2,284

1,985
1.778
1,659
1,618
1,539

1,486

1.449

Calculated Cbserved
"d" Value * "4"™ Valuem Intensity=x

7.132
4,361
4.164
3.366
2,561
2,558
2.543

(3428

2,336
2,284

(1.990
(1,985
1,783
1,663
1,659

1.614

(3:883

(14487
(1.484
(1.483

1,455
to
(1.439

Table XI

X-Ray Powder Data for Some Kaolinites (Photographic liethod)

vvs
m
m
vvs

s

v

0%

A
nd" Value

7.12
4.37
4,15
3,560

2,551

2,490

2,329
2,285

1.977
1.783
1.651
1.612
1,539

1,484

l.448

B
4" Value

7.14
4,38
4,16
3.552

2.551

2.492

2,330
2.285

1.982
1.779
1.654
1.614
1,536

1,484

1,450

C
"d" Value

7.13
4,36
4,17
3.560

2,548

2,488

2,332
2,280

1,981
1.782
1,655
1.613
1,536

1.484

1,447

with Some Fossible Juartz Reflection Interferences

D
n"d" Value

7.12
4,35
4,14
34543

2,547

2.478

2,328
2.275

1,977
l.,782
1,653
1.614
1,537

1.483

1,451

E
"d"® Value

713
4,34
4,18
3.535

2,542

2,478

2,333
2.8786

1,977
1,778
1,656
l.,612
nd

1.482

1,447

r
"d" Value

7.10
(4.83)
nd

3.521

2,533

(2.439)

2,341
2.873

1.970
{(1.808)
(1.661)

nd

1,535

1,482

1,445

uartz
"a" Value

4.22
3.34

2,45

2,875
1,974
1.813
1,667

1,536

1448

--=~=]nereasing Percentage of JUArtZ=e==—s-ccenccncccenceccneccmmmenme==]100%

~00T-



Table XI (cont'd.)

Observed Caleculated Observed A - B C D E F Juartz
"q" Value® "d4" Valuem Intensitym "d" Valuse ™4™ Value "a" Value "d" Value "a" Value 4" Value "d" Value
1,335 1.338 n 1,334 1.336 1,338 1,336 1,336 1.337
1.302 {1328 ns 1,302 1,303 1,302 1,304 1.304 nd
1.280 1,880 m l.281 l.281 1.279 l.282 1.2828 l.281 1.283
Uimmmm—mmneee==—e==s]ncreasing rercentage of Quartzee=-—-- 100%

(according to H,.F. carl, u. S. Bureau of Min.a)

% Brindley and Robinson, "The Structure of Kaolinite"; Mineral Mag. Vol. XXVII, p. 242, 1946,
( ) = quartz lines?

Hey to Table XI

A == Vissouri flint clay (analysis see Table IX)

B == Clay 1V (analysis see Talle XIII)
C == Clay I .

D == Clay II. » » " "
E -= Clay III - bt - »
F == Clay V " o ad "

-10T~



vaine the 4iffraction a-ales af the raflegtions, obtained

from meamsurenent of the ohotogranhie fflwm, T™e resulte ohtained
are showm 1In Teble I, In eorparisen with "»indley and Robin-
son's dnts (55), The "4" wvalves for aurr=tx cre also civen,

. A nrint of an Y-ray f11m ohtrined with one of the
serlecte? elavs is given In Plate TIT o 1linstretes the nhoto-
grarhie method of recording results,

Detalled ‘xamination of a Ouartz-Free "'zh 2lwm‘na "lay! A sne-

einen of ne-rly mono=-mineralic, high aliming cley from g commer-
- ¢lal sourse in the Transvaeal wag vervy kindly suppliled By the
National Chemical Leboratories, Differential thermal snalysis
of this elsy By the W.C.l, Indiented that the dominant mineral
was kenlinite, Chentesl suslvsis® shows this elesy to have an
.u.ees H f’~102 ratio of 1 1 1,69, A curve oy this snecimen was
prepared on the reorrd’ng Y-ray spestrom-ter and 12 renroducad
iIn Plrure 29 tn show the methnd of rescording results in the
snectpromater nracednre, The "d" waluns were calculated fnr the
higher order lines end thase vrlues are com-red with data pube
11shed By Brindlev and Rehinson, In Table Y77, Tt is iIntereat=
ing to note the absmnce Af -uartz reflections in this samle,
emfirming the hidch deagree of purity of the moteriai, .
The shsence of givminiwm hydroxide m‘nerals fpeom the
- d1ffractfon nrttern 1s nerticulsrly interestineg in this high
‘alumina elay ineasmuch as Mevatekts, evamining Mint fireclavs
from " acomr! by Y-ray guectrometer meathods, fornd pronomeed
dlasnore snd ribhasite reals In additinn o the kanlinite =minere
alsy, In some of those magterials,
Samary and Conelusfons

1., The nrominent elay mineral armer—s to be the gsme in 351}

gnecimene of South /Feiecen refractorvy clavy errmined, The

reflections ohirined are enrmarable with these sbserved

for "tamouri £7int clav and with the data on lmolinite

L 509 !E!;Ie !!!!n =
't He Tovatek, Wgtional Cthemical Taboratories,
Pera-nal Cormmmicrtion,




Plate ITI--X-rav powder photograph of s selected clay.
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given by Brindley and Robinson,

Onartz was present in verving amcunts in all of the selectedl
clavs exemined, The reflections nrodnced b~ the quartz in
many crses were 8o neerly coinctdent with those of the elay

mineral as to produce line brosdening or a shift in inten-

. s8ity which mrde messurement by the photograrhic method

difficult, Since the intensity of the gqu-rtz reflections
increases according to the amoimt of that minersl present,
the pstterns for the clav mineral in the snecimens gove
Increasingly divercent "d" welunes from thet of kaolinite,
The vresence ~f 1111te in clav IV, susnected from 4iffer-
entiagl thermal anralvals, covld not be definitely nroved
by X-ray methods,

A1l of the reflections qbtained with the South African re-
fractory clavs were checked for gibbsite, hoehmite, and
dlasprre, snd no diffracti-n effects from these minerals
were nntec,

The "d" values obtained with the sample of South African
high rlumina ¢lav were in goed acreement with the "d" val-
nes given by Brindlev and Robinson for knolinite,

Of the two methods emploved, the recording X-ray spectro-
meter certainly affords the most ranid results with a mini-
mrn of menipulative s¥11l, According to Frederickson (44),
the tendency for the ¢loy minerals to orlent as a resvit
of the tre~tment used in nreparing samles for the X-ray
spectrometer fecilitates the 1dentific-tion of minerals
that eive similer X-ray pertterns. He further remarks that
this nreferred orientation 1s, bnwever, a dissdvantage
where diffterlty 13 encountered in 1dentifving the consti-
tuents of a sammle when all the reflections are nregent,

and recommends tha vhotocranhlie method In this case,
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Table XII

"d" Values for the Higher Order Lines of
A South African High Alumina Clay

Observed Values Observed Values
Kaolinite South African Clay
(Brindley & Robinson) (Experimental)
"d" Values "d" Values

7.15 7.12
4.45 -
4,35 4.36
o A W, 4.34
4.17 4,145
4.12 3.935
3.837 3.82
3.734 3.73
3.566 3.555
3.365 3¢37
J.138 J.14
3.091 b 3010
2.748 2,75
2.553 2.58
2.521 2,525
2.486 2.49
2.374 2.38
2.331 2.336
2,284 2.29
2.243 2,24
2.182 2.18.
2.127 2,13
2.057 2.06
1.985 1.985
1.935 1.94
1.892 1.882
1.865 1.865
1.835 1.835
1.805 1.805
1.778 1.784
1.704 1.706
l1.682 1.68
1.659 1.66
1.616 l.618
1.581 1.587
1.539 . 1.539
1.486 1.4875
1.464 ) 1.453
1.449 1.449
1.426 1.426
_____ 1.3385
———— 1.305
S— 1.245
rea—— 1.2841

S 1.237
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Clay III., The semnle showed a predominance of kaolinite

agoeregrtes, Pseund-schistose structure wes ohgerved to some
desree although less than seen in Clavs T and II, Ousrtz 1is

present, probably less than 15%.
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Clay IV, Tre contorted brending resulting from local nressure
ad justment consnicunus., The alternating light and derk
S a leerlvy dlstincul hle in the rection., A small

t of bz 18 ent, probebly less then 5%.
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Clay V, artr, ranging in sire fram conrse to fine n rticles,

is very abundent, nrobrblvy mor then 307, anlinite flakes are

well developed, The pseudn~schlastn=e strmcturs w:s ohserved,
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Powder Study

Specimens of the five selected clavs were ground to
pass a 100 mesh sieve and powder mrints were mrde in oils of
varinus Indices of refractinn, The heavy minersl residue was
extracted by bromnfnrm senrratinn from 100 gm, samples each of
the prenesred specimens and mounted in olls for microscopic study.

An exsmination wes also made of the various fractions
obtained in the mechanicsl snalyses used in determining particle
sirze,
Resulfs: ‘Glay I, Tn addition-to the kaolinite particles which
predominate, a very small amount of fine ou~rtz, less than 5%,
"was observed. The refractive index of th2e cley vartes from 1,56
to 1.57, The vield of hervy minerels was smell, A few grains
Including zircon, tourmaline and rutfle were observed,
Clay ITI, The highly carbonacesus natnre of this clay made exam-
inestion difficult and the clav minersl comld nnt be clesrly ob-
served, Some guartz, probably less than 10%, was nresent., Heavy
mineral extractinm gave a small vield., The grains 1dentif;ed
were tourmaline, rutile, and zircon,
Clay TTI, The clav mineral present had an index of refraé€tion
ranging from 1,56 to 1.57. Ouartz wes present, probsbly less
than 15%, Heavy mineral studv revealed the presence of zircon,
rutile, tourmeline, garnet, iron ores, leucoxene,
Clay IV, The clay particles were too fine to be dfstingulshed
and the organic matter prezent further obseured the field, A
verv small amount of currtz, probsbly less than 5% wes present.
Minerals identified in the heavv residue include garnet, rutile,
teurmaline, zirenn, iron ores, leucoxene,
Clavy V, This clay contsins an shundsnce of ouprtz; nrobably
more than 30%., The clay prrticles could not be resdily distin-
guished., Fragments of mica and feldapar were noted, The heavy

minersl resldue 1neluded gernet, girecon, tourmaline, snd rutile,
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Theervatisons with thr "lecteprin epnpanme

Inctron mTornrra~he were nronared By Dr, Trmleen,
Vaterinery Besarpeh Takare fopr, "mdepptenanret, »f Clarg T ond
TV, The eon® ment peed was an R,7. /¢ Tlectran Maraseonn,

Tene "W, masnifring E,0N) flomrtern, The mforacreants cve pow
readneced 1n Plate TV,

tpart feam »reorh erveteliine oantl Trney; nathine Alaonostie
wag nhaanyad Inths sxnminetian »*th the elngtrn =Tarcaenne, Pnt
gartatnly na Pl ghnned ermgtola dnrfoative Al BT 1wette ornd

nae? $9 Aletinmnish hallowefie Trem Fanlintte {57) were scen,



Clay I, x 15,000

Clay IV, x 15,070

Plate IV - Electron Micrograrhs
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Onantitative. Ce~1cal ‘Analvgis.... ..., . P

The selected Sruth African refrasctorv clavs were analvsedl
and the resnlts given in Table XTTT alonz with some analvses 11-
lustrating variations in these tvres, An analvsis of a Sovth
African high aluming clev, s"nnlied by the NWntional Chemsical Labh-
oratnries, which was found tn show no guartz in Y-ragv eramingtion
is alsn included.

Quartz 1s kmown to be present ina 11 nf tre selected clavs
and estinntes of the amnunts nresent were made hy Cerl wsing X-rav
methnds. (See page 99.) Calenlntinns of the S105 : Al,0- ratios
and the S105 : R205 ratios were mnde nsing Crrl's estimetes.

Such data sre of course onlv an sanproximation denending on the
1imits nf arcenracv of the ocu~rtz determinstion; h~wever, the re-
anlts so ohtnined tend to confirm dedectinns made by nther deter-
minative prncedrres. For Instance Clavs I, TI, ond ITT srow

5102 t Ro0z rat1os‘nf 1,83, 1,75, and 1.84, respectivelwv, which
thongh low for kenlinlite fr1l within the rance given by Hendricks.
{30) The 1lime, mrgnesia, and 1ron contents of these elavs =ve

all within the 1imtts that the V»anlinite 1o'tice mev conatin with-
out distortion (30). The a'»all content 1s also 1nw as confirmed
by snectro-chemicsl analvsis (see nnoe 110), Trhe chemical analysis
drta Indicrte thet these clavs are essentially ¥rolintte t-—nes, It
1s of interest fn nnte trot Clav TII shows the highest 1onitinn

1ngs nf thre selected clavs nwing to the carbomaceomns m~terial pre-
ggnt, This clav also hass trhe higheat tTtenia content wich 1s pro-
hablv evleined in nnvtvbv the nresence of titaninm be-ring min-
erals sre* as ritile and titanite: however, 1t mav he that the th-
taﬁia mev exist as a sﬁrfrﬂe 1on »r be crmhined in the lottice,
according tn Mtchell snd HWenrv (53),

Clay IV s*nws the lergeat amounts of fron, 11ime, and mag-
nesia present in the selected clravs. Snectnr-chemical =nalvsis
indic-tes o2 reletively large smmmt of alkell as well, This in-
formatinn snocests the presence nf a non-kanlinite mineral, pos-
-siblv 1111te, in addition t» ¥aniintte, The S105 ¢ RPz rntio 1s

1,97 which confirmg that tre clav 1s essentially kaolinite,
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Clay C contains a large amount of quartz which is
easily visible to the naked eye. The iron content is
below 0.9% though the colour of the material is distiﬁbtly
reddish brown. The Si05: Rg03 ratio is 2.32 which is high
for kaolinite, hoWever, it is quite probable that in this
particular case the quartz estimate was low., The lime content
is highest of any of the selected clays though no magnesia 1is
reported,

The chemical analyses of the other typical clays
show the generally low content of iron and fluxes, such as
lime, magnesia, soda and potash, which characterize many of
the commercial types of South African refractory clays.

The specimen of high alumina clay shows a Si0p : Al,0z
ratio of 1.72 which is near the lower limit of the range
for kaolinite suggested by Hendricks (30),

Table XIII.

Chemical Analyses of South African Refractory Clays.

A, Selected Clays: =

Sample . Clay I. Clay II. (lay III. Clay IV. Clay V.
Loss 13.59  16.90 13.96 14.40 7.21
5102 46.86  44.46 50.14 43.20 67.70
A1503 38.22  35.04 34,50 33.80 21.78
7162 0.41  2.12 0.88 1.76 0.87
cal 0.00 0.40 0.00 2.06 1.24
g0 0.00 0.58 0.41 0.61 0.00
Total  100.18  100.34 100 .42 98.39 99.63
Estimated '

nartz 2 5 7.5 12.5 2.0 37.5
S102: Al203 1.85  1.78 1.85 2.06 2.49
S102: Rz03 1.83  1.75 1.84 1.97 2.32

1. Analysist E.R. Newbury (Vereeniging Brick & Tile).

2, Estimates by X-ray methods according to H.F. Carl (Note:
average values taken for clays II - III - IV, see D I
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B. Typical Clays:

Ig. Loss
8102
Al-(C3
TiC2
Feg03
Cal

Mgo

TOTAL

Iz. Loss
S10g
Al203
Tio0g
Fe203
Cal

g0

Total

Table YIII, (Cont®d).
A, B. C.
13.84 13,94 14,04
45,62 48,50 49,98
38,64 3341 3395
0.54 1.,40 1.40
0.,44 1.51 0.21
0.52 0.66 0.52
0.66 0.92 0.40
100.26 100,34 100,50
F. G.
14,64 10.44
45,38 50470
37.60 35.90
0.98 1,52
0.98 1,80
0,10 0.16
0.35 0,52

100.23 101,04

D.

14,10

43,10

39,60
2,
1,50
0,00
0.00

100,30

A, TFlint Clay (carbonaceous), Vereeniging.

B, Semi-flint clay (Carbonacecus), Veresniging,

C, Seni-flint elay (ocarbonaceous), Springs.
De Semi=flint clay, Vereeniging.
E., Semi-flint clay, Brakpan.

F., Plastiec clay, Springs.
G, Siliceous refractory shiale, Vereeniging.

Analysts:

C. Srecimen of HHigh Alumina Clay Showing no quartz in X-ray

I'xamination.

Ig. loss

Sicz

AlgCg

Ti0s

Feplz

cal

kg0

llag0

K20

Sulphuric
anhydride

S102: Al203
5102: R203

»

12.40
42.50
41,50
0.06
1,00
0.30
0430
0.60
0.70

1,60
100 .96

1,74
1,72

E. Mooi, E.R, llewbury, L. van Vuuren,
(Vereeniging Briek & Tile Co, Itd).

Ee

14,20
44.00
38,20
1,75
1.20
0.00
042

99,77

®* Analyst: P, Grey, (National Chemical laboratories).
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Note on Organic Matter in the Selected Clays.

Clays II and IV gave prominent indications of the
presence of carbonaceous matter in the differential
thermal analyses and these clays were svbjected to further
investigation to determine the amount of such material
present. ‘

The estimation of the total organic matter in clays
1s difficult since there is no simple method of separating
it and making a direct determination. (59). PFor this work
the method suggested by Waksman (&) was followed in which
the total carbon was determined and the result multiplied
by'1.724 a factor recommended by Van Bemmnelen based on the
assu:ption that the average carbon content of the soil
organic matter is 58%.

Results are given below:

Organic Content of Selected Clays.

Sample Total Carbon = Total Organic Matter,
Clay II 2.61% 4,50%
Clay IV 1.70% . 2,934

®* Analyses by Union Steel Co, Ltd.
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"yorin Dye"” Test -- Free Alumina.

General Statements

Tetrahydroxy=-Flavonol ("Morin™ Dye) produces a green
fluorescence with aluminiam salts in solution and is used as
a micro-chemical test for this metal, Tschrischwilli, Bussem,
and Weyl (61) employed "Morin"™ Dye to detect the presence of
free aluminium ions in clays. Mitchell (62), who also used this
test to distingulish between celays containing combined and un-
combined aluminium ions, suggests that clays which show the
presence of free aluminium ions by this test have a less stable
structure than others which do not. The test was further
developed to yleld quantitative results by Mitchell and Henry.
(28), The general procedure adopted by all these workers was
to leach out the soluble aluminium ions with standard HC1l sol-
ution, by soaking overnight, and then examining the supernatent
1iquid. The 1liquid was neutralized with NaOH and then made
slightly aeid with HCl, A few drops of "Morin™ Dye were
added and fluorescence was observed with the ultra violet
light.

Experimental Procedure.

The method just described was found to give erratic
results when applied to South African refractory clays, possibly
because of the presence of other lons, removed in the leaching
process which affect fluorescence. Reproducible Tresults more
in keeping with chemical analysis data were cobtained by using
acetic acid and shortening the leaching period. The procedure
finally adopted was to add 22.5 cc of cold distilled water to
approximately 0.75 grams of the clay sample and then to add
2.5 cc of 5 N acetic acid to bring the final volume of liquid
to 28 cc. The suspension was stirred well and to it was added
O.1l cc. of a 2% solution of "Morin" Dye in methyl alcohol. The
test, carried 6ut in a porcelain dish to afford a good back-

ground for obser%ations, was allowed to stand for one half
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hour and then observed under ultra-violet light. .
The typlcal clays were examined, along with other
minerals, by this test and the results are tabulated below:

Laterial Fluorescence.
Clay I Strong.
Clay II Very weak.
Clay IIT none .
Clay IV "
Clay V. "
Missouri flint clay weak,
¥issocuri diaspore VEIYy 8.L#0N5,
English China clay none.

Surmary and Conclusions.

The efficacy of this test cannot be absclutely relied
upon to determine the stability of the structure of the clay
minerals until further work has shown the effect of ions other
than aluminium released during the leaching process. The test
does, however, suggest the presence of small amounts of active
aluminjun compounds in Clays I and II and in the flint clay
and dlaspore from !'issouri and these results seem to be sub-
stantiated by the low silica to alumina ratio of these materiais
as shown by chemical analysis, The amount of free alumina
detected in Clays I and II was too small to be confirmed by
X=-ray and D.T.,A, exanination.
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Spectro-Cre-iral Fxeminetinn

A spectro-chemical exsminaticn of the selected clavs,
tneether with stoenderd semnles of “fssonri senf-flint snd nlastie
clevs, was mrde by Dr, Wasserstein st t“é Onion Geolngfcal Sur-
vey. The instriment used wes a Littrow-tvpe Hilger snectrosraph
emnloving copner electrodes., All of the ssmnles were arced far
20 seconds using 5 a"ps: for the bnron determinations addftfonal
samnles were arced for 50 secrnds with a d1fferent settinm of
the snectrosrsnh,

Althrrugh other minnr elements wrere noted#, onlv those
th-t c~uld best be determined under the test conditfi-ns are men-
tirned, The results of the examinationa are given In Table XIV
belor:

Table XIV,

Selected inor Constituents of Refrastorv Clavs

Samnple Fl~ments Present

- Ph ¥ Ce Va 1T Cr V "n Wi 0a B Ra Sr Sn
Clay I 4 nil tr nil nil 8 6 tr 3 2 1 .1 tr ni1l
Clavy II 4 tr 2 1 1. 7 4 1 2 6 nd 1 1 nd
Clavy ITY > tr 2 tr tr 8 6 1 6 7 2 nd tr tr
Clav IV 7 6 4 §] 4 9 7 5 6 5] 5 6 6 2
Clav V 1 tr 3 tr tr 8 5 1 X 4 2 nd 1 nd

i gsmri 3 1 1 tr 1 9 7 tr 7 6 6 tr 1 nd
Semi-f1int

¥M1ssouri 4 5 2 1 1 8 4 1 7 7 nd tr 2 tr
Plastic

1l 1s very wesk, IQ 1s very strong.
The mnde of ncenrrence nf the elements present 1s dis-
cnssed by Goldschmidt (63, 64).
The 1imfts of detection of certsin elements as determined
evnerimentally by Wasserstein, using analvsed sammles, are given

es fnllows:

Tlements Percent Present ass Oxide
Na, T1 0,1
¥ 0.5
Ba 0,05
B 0.02
' ' cont'd,

# For further Information on the trsce elements in clavy
see Ahrens (65),
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slements Percent Present ss Nride
¥, Sn D.M
Ph, r, V, Wi N,N0x

Sr 0,01

Vote: ‘"easersteln strtes thet vh1le hetter nenaltivity 18 nbe
teineble —ith the samin~ent, nnder the cndstinnsg nf the teats
the ahnve 1171ts nrevatl,

Armeary gnd Conelvafnns
1. This exervination hri-rs mt the striking d*ffeﬁeﬂcp in the
amermt af T, Ma, snd T1 npesent In the nlastic clavs, rerresented
by Clavy TV and ""*ssnovrl plestic, ¢~ nared tn the nnorly nlastic
tves Tnelding Clavs I, TI, I7T, V, and "1ssmmr! semi-f1int clav,
2e Te elewents ¥, Yg, and T4 are ammdnant metals nf the alla-
14+e ~rmn, Ther mav he nrecent as tonlc renlacemrnts or ex-
ehangeahle hogrg In the elav minerals or ocenrrine In the asssoci-
ated miners’ g, |
7 Caegfum, a rare metal nf the alksline. 'rpup, 18 a'11ed to
notassima end gommonly found with that eleqent.
4. The rtnvle radtl Af ~ol111lmm (N,628) ~nd alumintym (N,574)
ave g81w1la» and g-111um 19 fnverishly formd with alyminonsg mater-
in15,
5a Vanadtvym and crroninm necerr in all ~f the cl-vs exnnined,
“pohshlvy as renlncéﬂents for Fe.
5.4 rarenese 15 widelw d1ffrged In svsll nuantffies In most roecks,
7. M1a1r@1 ts clngelv pelated ts 1rsen in chemical pronerties,
frvthrn the omte  ntentinls nf Fe® (1,56) end w2 (1.60) are
gi*?1lar and in c~nsen-ence trese elenents may he evpected to be
frrnd tocetrer, TMelkel nlsé substitutes for marmesivm,
= The horon detect~? mnv he nresent Iin the accessorv minersl
t~mrvaline note? in tre heavy minersl senar~tions,
9, Rapiwm, str-ntiym, an? t£in were rerd?lv Aetected 'n Clay IV
but ~ere not nnted in anv nf the ~ther samnles, "
197, Tre spectro-cheical exrminntian hr*nag ont the manv nrohlems
in geochemistrvy and geophysics iInvolved in a stndv of the clays,
Tn this connect?~n Frederic¥son{44) dra-s sttentimm to the Immort-

ance of the 1onic pntential In tre intersetisng hetween the ions

. and wnter mnlecules. Ve stetes that lons with a low lonie notential
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ornteg 1f thav are not Firet ahenrvhed by the hydrated ovidas,
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Radloactivity of the ~electad "l~vs

The selected clnvs were avemined fnor radioactivitvy in
a heta enunter by Dr, D, 7, Stnsan of the ™inn Geolngicel Sur-

vey. The results sre piven ns fnllowss

Clay ¥50 Eomivalent
1 | 1.30¢
I 1,274
1T 3.57%
\ w ’ 4,47%
v 1.034

‘"In obteining these results 1t wes assumed thet all of
the rodioactivity meosnred was due tn potassiuvm, This assvm-
tion alsn holdg for the anelvsed elay ssemle nsed as a stondard,

The Fo0 emivnlants for all of the =elected clava gre
Wisker than indic- ted hv the snectro-chemicsl resnlts, svorsest-

3 :
inz the nresence nf either thortim o» uraniwm, Clav IV, w-ie¢h
shnwa the hizhest Kgf enuivelent 1s mown tn enntatn notosstims.
however, the snectro-chemical data svuerpest that f“e eventity
nresent 1s not sufficient to aceorunt for all of the rﬁdimactﬁvftv
noted, Clav TTT gives evidence of the largest amomt of radio-
activity from gources nthepr than notpsstym, This enndd tinn may
he nt lenst nartiallvy emmloined hy re%erence tn the prnfile
chart for hervv minerrls of the 1ddle Tcea sfr"ta in the S-rincs
area (Fimre 11), w-ich s nws thet monnzite, » thorivm hearing
winersl, occrrs in the aren,

Tn edd1tinsn tn the oeccrrrence of trhorfm and nronfym as
accesanrv minernls 1t 13 ~lan nonsathle thnt thene I ns erre sde
snrrhed lons ~n éhe elnvs, Frederic-som (44) merests a nagsihle
. met” ~d for the énncentrntinn of ureniwm (snd thoriwm) in the
presence of carbonace~usg metter which $s svmerized as f£ollowst
Trantym inms nre releassed bHv westhering from narent sources,
Tegse Tnansg sve sdanrhed hy hrge exchange phennmens on the Inver

lattice minersls arch =3 the clsvs, The uraninm 1s 1rter disnlaced
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because of an increase in thermal enviromment, aging, or intro-
duction of ﬁore chemically active ions, #nd 1s nut into solution,
The carbonrcenus mntter present wonld then serve as a f'lter and
concentrate and fix the inons, The nresence of alkaline snlu-
tinns caunse granhite lavers to exnsnd to such an extent thot they
may be converted into enlloidal susnension leadinz to a final
bresVdomn of the oranhite strrecture, Cnlloids e-mtainine nranium
would then he adsorbed on clavs and s'milsr minerals,

Differential thermal analvsis has indic~ted the nrssible
nresence of hvdrocarbnons in some of the plastic and flint clavs
which are sssncticted with the cnal seoms, From this verv hrief
insnectinn nf the radinasctivitv of trese clevs an Interesting
method nf acerunting for this ncerrrence sugcests 1tself--counld
the brea*dorn of the coniy mrtter be nart of a radioactive pro-
cess nnssthlvy ennnected with the pnlwvmerization of some of the
carb~n into hvdrncrrhon, This noint 1s worthv of frrther invest-
1g~t1ion, narticvlarlv as recards nnssthle Influence of radio-

activity on the genests nf rael mepsure clavg Tn renersl,
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Particle Size Distribution.

General Statement., -

It is well known that many of the physical propefties
of a clay vary with the effective particle size, i,e.~ the
particle size of the clay as it is actually used,

Grim (54) points out that the correlation of particle
size and properties depends upon the assumption that the
breakdown of the clay particles is of the same order of
magnitude in analysis and in working, - Since grading analyses
of clays are preceded by disaggregatiop to get the clay in
suspension, Grim cautions that the dispersion of the clay in
water will tend to break up the particles of the clay minerals
by cleavage along the basal planes and by breakage across thin
flakes. In makipg such analyses then; the measurements made
clearly represeﬁt the degree of disaggregation and frequently
nothing else., Further he states that there may be little or
no relation between the particle size distribution determined
and that of the natural clay. He mentions that some illites
retain their size during dispersion and analysis while ﬁthers
are easily reduced. Mechanical analyses of kaolinite clays
give a fair picture of the make-up of the natural - clay where-
as analjses 6f montmorillonite elays measure little more than
the degree of dissociation. _

Following Crim's contention thal the objective in cor-
relative work (such as this) should be to determine the effect-
ive particle size, the procedure recommended for wet screen
analysis by the A.S.T.M. Designation C. 92--46 was employed.
Such results while not an absolute measure of effective particle
size, serve to illustrate the comparative differences between
the selected clays. |

Experimental Proeedure.

The selected clays; after grinding to pass a 28 mesh screen
for use in making up the test bars : were sampled for particle
8ize determination. The sample, weighing approximately 250

gms. was transferred to a litre container, and sufficient water

was added to form a slurry. Slaking was allowed to proceed
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foxr one hou:. The sample was then transferred to the finest
screen used in the analysis and washed with a water jet. The
washed resifue was dried to constant welght, transferred to
the coarsest sereen in the serles used, and screencd. The
scroening tost was carried out using Tyler ereens and the
Ro-Tap apparatus. The washings were collected and subjected
to sedinentary analysis in accordance with the usual techmnique |
involving the use of a 20 e¢c pipette to withdraw samples for
a known distance from the surface at known time intervals.(66).
The equivalent spherical diamater of the particles was calcu-
lated fron Stbkns Law which presumes that a particle of a
ginﬂ:size and density settles in a liquid of lesser density
with & veloelty "V" which 1s equal to 2gr®(d;-dp) # 9K where

g 18 the gravity ccustant, .

r is the equivalent radius of the particle if it wers a
sphere of some volume,

dj is the density of the sphere,
dz 1s the density of the suspending liquid,
K 1s the viscosity of the liquid.

The comparative particle sizes of the selected clays
as deternined by the above method are shown grarhiecally in

Flgm 30,



1.

2e

4.

Surary snd Conelusions
Zlovs T and I ghow rolntively 1ittle brealdon under
the eonditions of the test, This 1s horme out In »rlant
practive, '
Clzy I7I emiering a folr amomt of fine particles thomoh
1% does rot .slsﬂm rardfly under t‘ha. tent emditions,
Cley TV cmtning a meh finer ranze of nrrticle sizem
than 18 anrerent n tbé other frur gemles, T™is elov
slaves we~1ly,
Clay V diesergrepgaten foivly readily in the test and In
practice, ™miwr the micreoscons the conrze fraction is
seen to be eomposed largely of qu-»iz grains hile the

fine feection 18 mrde up of elay,
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Base Exchange Phenomena.

General Statement.

The clay minerals are generally regarded to contain
ions attached to the broken corners and edges of their
c:y§§a; structure, and some in the internal structures as
well, which can readily be replaced with other ions. This
replacement phenomena is known as "base=exchange" and
for clays the base exchange capaclty 1s expressed in
milli-equivalents per 100 grams of dry clay.

.ﬂihé action of base exchange 1is most commonly
illustrated by zeollte water softeners wherein ;he hard
water 1s softened by percolating through the zeclite where
the calcium, which gives the water its hardness, is exchanged
for sodium from the zeolite. When the zeolite has lost its
effectiveness it:may be reaetivated by passing a solution
of sodium chloride through it thus reversing the base
exchange process (22).

The total base exchange capacitvils.the sum of the
metallic hydrogen and other cations. This propertyVCén be
used broadly to elassify the clay minerals., The magnitude
of the total base exchange capacities of the principal clay
mineral groups as given by Grim (32) are shown below:-

Base-Exehange Capaclty
(me. / 100 g.)

Montmorillonite 60-100
Illite 20 =40
Kaolinite 3- 15

The total base exchange capacity 1s determined by
(1) eleetrodialysis, or (2) replacement leaching (67) (68).
In the eiectrodialysis method the material is converted to
the hydrogen form which in turn is treated with varying
amounts of standard alkali and the pH of the resulting
8lip or liquid 1s determined. Plotting these data ylelds
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the titration ocurve frbm Whibh the base exchange capacity
1s read off at pH 7. In the leaching method the clay is -~
converted to the ammonium formlﬁy treatment with neutral
ammonium acetate. The excess lixiéént is removed by
washing with alcohol and the ammonia from the ammonium clay
is distilled by the Kjeldhal method., The ammonia dlstilled
i1s equivalent to the base exoﬁange capacity.

Experimental Results =

It was decided to examine the selected clays by both
‘of the methods given for the determination of base exehange
in order to compare the two procedures,

Clays I, III, IV and V were investigated first by ‘
the replacement leaching technique then clay IV was repeated,
along with Clay II by electrodialysis methods.

Replacement Leaching Method:- The procedure consiﬁted of

leaching a 25 gm sample of the clay, ground to pass a 100 mesh
Tyler soreen, with 100 cc of 1 N ammonium acetate, The sample
and leach reagent were placed in a stoppered bottle and agitated
on a mechanical shaker for about 1 hour and then transférred to

a centrifuge, operating at about 3,000 r.p.m., until the solution
became c¢lear, This operation took about 40 minutes. The clarified
solution was decanted and another 100 ce. 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 ‘treated with 5 successive
washings in 80% neutral ethyl aleohol by the same agitation and
centrifuging procedure. The washed residue was then analysed

for NH4 by the Kjeldhal method using NaOH as the alkalil 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 Organisation of Agricultural Chemists. Test

results are glven below: -

*®* Assisted by the National Chemical and Seientific Laboratories.
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Base Exchange Capacity

(me/100zms)
Clay I 5
Clay IIT 14
Clay IV 46
Clay V -6

Electrodialysis Yethodt A semmle of about 50 rrams of clav,

ground to pass a 100 mesh Tyler screen, wes svspended in about
20N cc of water, The electrodialysis wes carried out in a
Yattson cell using an annde and cathode of sheet nlatinum, The
cell cnnsisted of three compartments made of hard rubher, The
size of the cnmprrtments wos 2% x 6 Inches and the compartments
were separated with a special cgllonhane membrane, Tﬁe sub-
merced surface of the ePetrodes was 2 x 5 inches, At the begin-
ning of the dialysis, distilled water was placed In the two outer
compartments and the c¢lay suspension in the center, D,C. current
wos anplied at 250 volts and provision was made to control this
voltage as regquired, The clay suspensinn wns stirred at inter-
vals with a slass rod »nd the water in the outsfde comnertments
was changed freovently, The dinlvsis was continued until titra-
tion with N/10 AC1 indiecated that no additional alkalis were
removed from the material, The dialvsed clavs were driéd and
broken up to pass a 100 mésh Tvlier screen., Two gram sumnles were
transferred to s glass bnttle and trerted with varying amnunts
of stand=rd NaOH in 50 cc snrlution, The bottle snd contents
were shaken by hand at intervels nver a period of four days and
the contents then filtered to separste ‘iautdé and ‘s~117s, The
pH of the licvid was measured with the glass electrode and the
nH was vlotted against the smrunt of bace added, The point was
taken af pH 7 to renresent the neutralizatinn of hvirngen clay,
or the bhrsgse exchonge capacitv. The pH curves for the two clays

examined are given in Fisire 31, The base exchonre capacity of
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the two elavs 1s as follows:

Clay II 1& me/10Ngms
Clay IV 50 me/100gms

Clav IV shnwed a strong initial tendencv to release ions as not-

ed by the high readings of the milliameter, Ind noint was

reﬂcﬁed in 39 hours, During the dirlysis it wos noted that the
vellowish brown enlouring metter migrrted through the membrane
along with some evtremely fine clav verticles,

Clay IT wes dialvsed for 28 hours, when the end noint was resched,

The srmnle shnwed no signs of decommositinn or nf mifor~tion of

the eolnuring metter, +here wrs no migrrtion of fine particles

noted,
Surmmary and Conclusions

1s Clavs I, II, TII, and V gave resnlts within the rance of
base evchance velues as given by Grim for the kaolinite
groun minerals, Clav IV gave s relatively high bose ex-
change valve which may be due both to the organic mstter
present and to the occurrence nf clav minerals other than
the kaolinite groun,

2s The nrecence of extremely fine particle sizes in Clay IV
1s Indfcated by the migration of the clay through the mem-
brane during the dialvysis,

Se The renlacement leaching method was relstively rapid but
careful attention tn aleohol washingzs was necessary to
remove all traces of amonium scetste., Further, the
Kjeldhal determination reovires careful preparation and
hanipulatinn. On the other hand the electtrodislysis method
while admittedly slower reacnires lesspersorial attention and
the actual determinetion of the base erchance canacity is

made by stmple titration,
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Ceremic 'ronerties

Teneral “trtement

The accented methnds for evalurnting the ceremte hehav-
four of ¢lavs ~re essent!s“v“eﬂn*v*cal hesruse of the complex
natire of these matertan s,

Tests wefe made in the laboratory from each of the five
selected clavs tezether with o samle of ‘nglish erina elay and
from snecimens of different varietlies nf Seuth /frifcan refractnory
clav for cﬂﬂaarative PNrNoses,

The ceramic tests were carr'ed nu* on small hars made In
accnrdance‘w1fh the standerd methnds for clay testinz mtlined
in the Standrer's Rernrt nf the American Ceramtc Sectety (1922),
with some modificatins as rerired by ecuinment avallnhle,

T™e tert borsg were fira’ gt Cones 6, 8, 19, and 12, 'n an elec-
tric "Cln=Bnr" ¥ki1n,

4 Tn makine u5 these *e-t Ders It was ampreciated th-t

(s) 1t wmild not he passihle to dunliecate the firinz conditi-ns
af gn industrtcl kiln in a Ysboratory ¥iln, (b) exnct dnunlication
of the nhvslcal astructrre of the teat hars and that nf factory
made nrndncts emmld nnt be attnined, and (c) the clava womld
rarely he used alone In the meimfecture of refrrctaries, It

was helteved, however, thect mrli-tng the te-t h-rg under crmtrilled
Tahapnt~re e~nditi-ns wnlAd hetter Ffrellitnte renradueidbitity,
'nd frrther that Infarmoti-n of velue wmld He nhtntne” from

thisg Wl not only to ermore with tegt d~ta from mamfactrred
wara, hnt 27 gn tn lan™n wtat effect ver! tteng Iin neture nf tre
cl~vs wmld h-ve s certatn ~hvsifend nronerties,

This stndv Included the deter—in-+ion of wnter nf plas-
tigity,; ‘rv strenzth, Adrvine she'nrre, firing ghrinknre, an arent

vopnsity, i1k density, and refractoriness, ((0)
Plaette nnd 1y 'roperties

’'reparation of “gavmles: The elnvs were firat crushed In a




TABLE XV - PLASTIC AND DRYING PROPERTIES OF

CLAYS TESTED.
SAMPLE TYPE ORIGIN EASE OF PLASTICITY WATER OF DRY SHRINK=- DRY STRE!GTH DISTORTION ON DRYING
GRINDING PLASTICITY AGE % P.8.5.

A Flint Hemmenskraal Hard Poor 12.1 1.3 3818 None
Flint Vereeniging Hard Poor 12.2 2.4 177.9 None

C Seml- Springs Hard Poor 9.8 2.4 140.6 None
flint

D Plastie Springs Soft Good 20.8 5.7 300 plus None

E Silici- Vereenigipg Medium Fair 18.2 3.1 80.¢ slight warping
ous Re- and cracking
fractory
Shale

F Chine Cornwall, Soft Good 27.5 7.4 less than 10 None
Clay England badly cracked

G Semi~  Brakpan Hard Poor 12.2 2.0 87.0 None
flint

H Semi= Vereeniging Hard Poor 16.0 2.0 34.8 None
flint

F) Semi~  Vereeniging Hard Poor 18.1 3.0 25.5 ~ None
flint

K Sewi- Vereeniging Hard Fair 13.6 2.5 182, 9 None
flint

L ceml= Springs Hard Fair 14.2 2.8 23.1 None
flint

(carbonac-

eous )
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laboratorvy size faw crusher to anporoximetelv -" in sfize and

then~fed to 2 dtsec mill which rednced the m-terial to pass a
29 mesh Tyler screen. The ease nf ariniine was nnted during
the nrenaration stare,

Plastfcity: The plasticity of a clav is an Importent oronerty

In the mrnufacture of cersmic were, By nlasti~ity 13 mornt

that nroverty which a clav when wet vnssesses nf permitting 1t-
self to he moulded iIntoe desired shapes and retaining th-t shape
on drving. No comnletely satigfactory method for the evaluation
nf the plestic nronerties of clay has ever heen deviséd, prin-
cipally hecause the propertv has never heen sstisfactorily de-
fined, Plostirity 1s cenereliv determined b~ the feel and work-
abtlity of the msferial In the hands of an ewerienced onerator,
the estimrtes thus obtained (slthmuch inflnenced by persnnsl
elements) heilng of reneral nracticel apnlicrtinon,

Drenprnt‘an nf Testg: The ormmd clav was mixed with svfficient

water to develop zood plasticity, the auantitv beineg Indiceted
by feel =2nd jvodement of the onerstnr, The seamnle wrs then
thoroughly ¥nesded or wedped by reneated nounding on a smenth
surface unttl it showed » homoreneons character free from alr
pocrets when cut with a fine wire, Followinc the wedeing pro-
cess, the ¢lav was formed by hand 4nto test bars, 14 cm x 3% cm
x 3 cm, 1In a2 mHmld box: three triels were made up fnr each burn,

Drving Behsviour: The drving behaviour exhihited bv the test

bars was observed and any tendencv fnor the wore to worp, crack,
or otherwise show drving defects wos noted,

Vater of Plasticitv: The amount nf water ndded tn 2 clav to give

the best workine conditisns 1s dealgnrted "water of plasticity".
This value 1s c~lculeted by the standard formula using an average

of four trigls:

TZ W -« Wd x 100
—E—WE——
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where T ecuals per cent water of nlaét&citv,
Wp ermnls welght of nlastic trial nleces,
7d eauals weight of drv trfal nleces,

Drving Shrinkage: The drving shrinlame of a clav 1s evtremely

fmartent *n'mﬂnuchtﬂr*na nrnrnessecs a8Tnce 1t generalliv aontenls
the s=fe rrte of Arvinz, The drving shr'nere nf a eclav 15
dtrectly derendent unon nrrtiele sfise, which in twrn Aeterines
the nmrher of water f1ims precsent, Shrinkare mev he menmmred
elther hv lencth o» vnlume chenre, the former heine more mener-
ally armltc~hle tn nlant nrectice, In this work each test har
wrs marved in the oreen state a’oneg ~ith 1ts lonrest dimens!nns
with a trnl which Insertted tw-o 'ndentﬂt;tns evactly 1N cms
anart, :fter drvine for an-roximatelv 24 hanrs at 110°C,, tre
dfstanece between the indentertions wrs determ'ned and the drvine
ahrinkaze was reported In Tahle XYV an the basis of the ~riging?
leneth,

Ny “trencth: The dry strenrth nf elav 18 a nepomerts thet an

frr has not hern ermmletelv exrlatned, SHdles tndicete that

dre strencth ¥s Increczed as the area nf rarticles are Increased
and frrirepr thrt the charrecter of shsorbed 1-ons nlav an 1mort-
ant role fn erhest~n, Tn anern1 Tt mav he sn'd thnt rv
gtrencth 1a derendent v~oan the ~hennmena nf the attractive f-rces
between the clav mineral crvstals,

Tn this wortr drv strength wes studied by determining the
modnlns of rupture on the dried test bars by means of a simple
1aboratory cross breaking machine, The modulus of runture value
w"s calcnlated from the formula

M= 3P
2b32

where ™M sri~1a modning nf runture in filomwamg TR S0 CMy
P eonals hrenking 1no3 4n 1ilnore~s,
1 eorals leneth of span in centimeters,
b erurls hrenith Af har 1n centimeters,
4

eauals denth af bhor In centimeters,
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Test ragnlts sra cfven In Tshle XV,
Fipine Pramertlies

M~noes In Clav on Fivine: The hehoviame of o clay mm firing

fnvnlves success!ve steps which are neortfenlsrlvy Imrortent for
nroner heat trertment tn nrnadnce the moast desfrable vnraduct,

"ha ch-noes seermanvinge the hert’ne of a ¢lay er»n he
dtrectly shserved by 3 mmhar of methnds, mme of the most getis-
foetnre Af which 18 A1fferentinl thermil snalvats, The thermal
W8 atore af the selected elavs, frrm r~mm termerature to e,
as deter+ined hv thisg methnd, has alrerdy bHeen discuscedy hnvever,
the anlient naints hr~nght out by this stndy may he emvenient-
1y reviewed at t+1s vroint, * small endntherm!e chonre at shout
15000, wes eridenced 1in mnat of the asmnlea; owing to the loss
nf mnisture frm the aurfrce nf the gratns, The corbonacenus
elnws renerplly showed exnthermic pesctions at 457°C, and s e-
times betwsen 607°C, and 7ONOC, which aceommanfed the loss of
orranic metéer, ' largze endnthermie chrnmge wrs nnted In the ease
of the ranlintte tre clave at ar~umd 6MOC,, cemserd dDv the
evalition of the strvetwrally held wrter, ! sharm evothermic
chon»e was ama'n noted at about 99090, tn the Yanlintte ftwne
clavs, nrnbohly ng a “esvit of the formtion nf rarma alumina,
The offect nf nen=lrnalfnttle elpv m'newals and Iarre smemts Af
marty wrs to smipnrass the raolinite pattern and Intr~rce snme
other t-ermal ehanres renerslly of » =minor natvre.

From trer—al ana'vsis deta on montmnrtlTmmite and 111ite
1t 13 emenr that the cr*nfﬂl bresirdnwm heging, in the case
of montaartlisnite, rravnd 60N°%C, and e-ntfmmes to 807°C, /n
eninthermic chenre at ar~tmd A7NOC, n~enmrs whieh acenmdinz to
Orim and “radlev (7)) renrecents a sninel phase, ™he hreakd~wm
Af 1111te Relow 1NNOC, seens tn be s'milar to thrt nf m ntmor-
f1lonite., Tllite 1s s~14 tn annear at INSNTC, in the case of
mantmorilliontte, and at 11N007°C, In the erse of 1111te, acenrd-
ing to "rim gnd “radlev (D),

) martz, the nrincinel accesa~rv minernl, s cmverted hw
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hent into a numhber of ndlymorphous stages wth varving stabtlity
rances, The 1Mﬁnrtnnt crvstrlline verieties are aquartz, tridv-
mite, and ~ristobalite, each with a high and low temperstyre
modificotinn, Transfnrwatiqns are verv glov, and ouartz, tridv=-
mite, and cristobolite can sxist ~t rnom temerntnre, A reverss
ible conversginm from anertz to tridvmite teoles nlace between
1170C, and 163°C, and a similer reversible enonversinn from ouartz
to crist~halite occnrs between 2000C, and 2756°C, Ouartz 1s con-
verted from the low to the high temperatnre modificrtimm at 57400.
The densitv chance accommenving the inversinnsg nf auertz from
low t» high 1s «0,02, while that accompanving the chance of cris-
tobnlibe‘from low to high 1s -0,04, The tridvmite chrnere from
low to hich 18 -0,N1, (53) These chenees affect the firine
shrtnkaﬁe 1f larepe amounts of quartz sre nresent,

At elevated temper-tnres the nxides remaining from the
low tempersture re-~ctions, such e¢s 1ron nxide, 1ime, and alkalls,
resct with the clev to form a glass which has # nredominent in-
fluence on the mechanical strength nf the fintshed orticle., (22)
These nxides act to a certaln extent as minernlizers in acceler-
ating the rate nf mullite formation and 1t 1s desirahle to pro-
mote the mavimm develorment of glrss at the lowest temnerature
nossible to sttain @nod bond strength: on the other hend too
mach nr tno f1uid glass 1s obilectionehle ns a coavise of defnrmation.

X-rav analvsis was selected as the best method for studv-
ing the thermal effects ghnve 10000C,, and X-rav photographs were
mode of the selected samles tmrned to Cone 12 (1375°C,), WMullite
lines were apperent in all of the clavs, Strong cristobalite
l'nes we-e seen in all of the ssmnles except Clav IV whiech shnwed
relatively weslz reflectirmas, In the cnse of Clay’IV the 1lack of
strong cristobalite lines was prob~blv due to the more shundant

formation of the glassv vhase,



Firing Shrinkage and Pnrnsity

The mnst vsefnl Informatinn on the burned behaviour of
a clay 1s the Adeterminntion of trhe shrinksre and vnnrosity when
fired at various temnerrtures, Standard nvrometric ennes rere
used to meessure the hect effe~ts stéained,

In this stdv the linesr shrintvrce of tﬁe selected
samnles wngs measured after senernte sets of test hersg were
fired at Cones 6 (12300C,), 8 (1260°C,), 10 (1305°C,), and
12 (13380°C,).

The "anparent nornstty" which includes the open nores,
was megsured rn these semnles after firing by malkine three
welghings: (a) drv, (b) immersed in weter, (c) setrrated in
alr, Using these dnta the annsrent porosity wess then calcul-
ated from the frllowine formula:

P = W=D
“W-A

- where P eormals per cent norosity,
W equals weight in sir, sgsstursted,
D eanals weitght in atlr, Adrv,
A emmals weight sstrrated in water,
It 1s obvions thet the fired shrinkare end norosity
determination will be gre~tlv iInfluenced bv the conditinns un-
der which the test bars are mqnlded: ho~ever, bv gttemntine

' to maintain miform trestment a general 1dea of the behaviour of
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the ¢lava 1=y ha ohtained, Far a grectific ~lmnt “eveloomnt
test the f*ring tests shnnlc of emrse be made under onerst'ne
coniftirns,

further nryerty of Interest 'n followine the bnrmed
beheviour of clsvy 18 the detersinatinn af the M1k densttv nf
the “amle fired =t varimms temeretnres, -he hmik Aenelty 13
the densitey af the 34114 moterinl rIng meanled nores, cnvities,
ond wr ter-peme’nble-nma. It 13 ohtrined Hr AMvid’ne the
wel t of the ssanle By the extertar valmme, Ve exterinr
volyme wrs ohtatned frrm the " «D relstt-nship in +the ealenlatinns
for "anw nrent norosity® fust dearrihed, ‘

The brrming wance nr tenr erativre *nterval évrinr «ich
threrme ts 17+¢1e chanre In the norngity and shrinlare nf a clav
1av he obtained By "lottine Mren'aer gsheinlkr e, norna’ty, and
1l den-Ttvy of the tegt Brryg a"atnst the 417 Terent temer-
atures at whigh the test herg were urned, ~ Iome mrming rance
18 a des'rehls ~rr7rtv 'n cluys since 1t 18 A1t ¢t nh-
tain omff~rm temperatrre trrouschmt crierctal 1Ine and 1t 15
‘smart-nt that the fintahed mrwg fpwm ééffemmt ,.,,.;,,.. nf the
"1In dn nat verr motert-Tlv "n gtre, norngtty, nnt Atter nroancma
ties,

C rvea ahavtaer Wmornine pancrg for the seleetnd sawlrg
i othor vrwfetles of thene tregl, alnne with g srectmen »f
"ngt'igh ~hing clav far evmarfgon, asre given In "Trure 22,

Degert-¢ttnn of Cnrves
h S nreve L,: Clevw T ghowa nracressive st rinkgre and decresse
in “or s’tv aver tVe rancre exsm'ned and wll reg fre g Wi~her
Tmrnine ternerature o attein ontitnm resmita, The bnik
goecific orevity shnwas a emt’>mmg tnevercas W teh wamld
Fratintic*te thoece cmme'ratmsg, In ratrr) —rrectice 1+ wes

foaoymd nececgeacryre 5 Pmmn bhriek mode frAam tvhig el ¢ Crne
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15«19 to woneh emstant volime,

Curve Bt Clavy TI ~~ve nermsistent and hich noros!ty wsluses
wrich resrlt from hlontine due to incrmlete oriirtion
hef~re vitrifierti~n envmenced, ne evidenced hv the hlrel
crre’' devel-med an firing, Thig emdftion susrects thot
the heat'nw rate in the labaratsry triecls was tno repid

fAr th1c materinl, 1ant tests henr mt thits eneclnsiom
gs'nce trisls hurned in crm™merefal ¥4ins gshnwed nn sirhs

of ™lacl coring’, The shrinkare and M1k snec!fle or-vitw
Anta nf thig gemnle ~re Amest?nahle In view nf the ”h’ack-
enrtn-! fdevelone: 1n the sneetmens,

Curve C; Cl'y ITI hrg g felr Drrmine rance gsince 11+tle
chgnre In shrinkore, pornsitr, snd ik snecific orrvity
was nnted hetween Cone 3 and Crne 12, This eomelusion is
borne omt tn nréctice in th ¢t ware mn'e from this ¢¥rv shnws
1fttle v-lume chanse shove Cone 12, the normaal mrning
teerr tnre,

Turve Dt Clav TV sinters st comarnt’ve’v low temeratures
(Cone ) and nossesses » gnod burning rence, The norositvy
of thls clav 18 anly 5,77 at Cone 12, " sirns of nvere:
fired Hinatine are fndie-ted froam the covrves nr rrm exom-
Tnatien Hf the trial hricks, This ¢'=v is used smeccessfhlly
as a re‘ractorr bmd elav *n ermere') nracticr,

Cnrye 7t Clay V shows 1ittle chance nfter Cone ", The
nornsite valnes are excentirnellv hich throuchout the rence
of burned trlals, This phencmenon 15 attribtrted to the
lnree snmmt nf onoprtz —resent s fine sand which ev ands
aring the burn, cmmter ctine the shrinkare of the clay
minernls and "openinr un” tre bady as the result of this
"d1fferent’al st rinage, |

“nrye P: nT' 1ah ehfne ¢1rv shows nrorress®ve decreanse in
nopngitey and fnererse fn shrinlc~e In the testine ranre,

e rapogity 1 »igh (209) nt Come 12,
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Curve G: A seml-flint clay from Brakpan shows progressive
decrease in porosity and increase in shrinkage in the test
range .characteristic of the kaolinitic clays. This clay
has a good burning range with a final porosity of 107 at

Cone 12,

Curve H: A semi-flint clay from Vereeniging. This ocurve
which also represents akaolinite type clay is similar to
the pattern given in Curve G above,

Curve J: A carbonaceous semi-flint clay from Vereeniging.

The high porosity values are the result of burning out of

- coaly matter, The shrinkege remains constant over the

entire range of Cone 8«12, A higher temperature is
needed to mature this clay properly and pre=calcinetion
is necessary to get rid of the troublesome carbon.
Curve K3 A semi-flint clay from Vereeniging. This clay
has a good burning range. The final (Cone 12) porosity
value is still higher than desirable, indicating the
"opén burning” characteristics.
Curve L: A carbonaceous semi-flint clay from Springs.
Porosity 1s high owing to burning out of carbon, but not
80 excessive as in the Vereeniging clay (Curve J)., The
shrinkage continues progressively throughout the range
tested,

Refractoriness Test,

Like most of the other properties of clay at high tem~

peratures comparatively little is known of the mechanism

of their fusion. Norton (53) points out that in the case of

the silicates, the bond strength holding the silicon in the

centre of an oxygen tetrahedron is very strong, and rrobebly

does not break until suffiocient temperature to rupture the

weaker bonds has been reached, Further, he states that when

a silicate fuses, the weaker bonds are first broken and a very
viscous liquid develops which comprises aggregates of the

FL
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silicon oxygen groups and as the temperature increases these
groups are further broken up by thermel agitation until the
viscosity decreases, Attempts to correlate atomic structure
with fusion have hot been successful in the case of clays because
of the complexity of the clay minerals.
The influence of & very small amount of impurities has

very pronounced effect on the fusion point of c¢lays and in
particular the particle size of quartz which is usually the
principal accessory.

VMethod of Testing: Clays have no sharp boundary between the

liquid and solid state and in consequence the defining of a
fusion point is diffiocult, The usual method of testing fusib-
11ity involves the determination of the temperature at which
a specimen under a definéd stress will flow at specified rate,
This technique is subject to experimental difficulties in the
case of clays and a more common method of determining the
fusion charscteristics of a clay is by comparing it with those
of a series of standard pyrometric cones under similar cone-
ditions in the same furnace, The test was carried out in an
oxy~-acetylene fired furnace in accordance with A.5,T.M., procedure
designation C,24-42 on the selected.clayé together with refer-
ence samples of lMissourl flint, semi-flint and plastic clays.
The results are reported in Segar Cones in Table XVI belowt
Table XI,

Refractoriness of Clays.

Sample P.C,E. ® Temperature degrees C.
Clay 1 35

Clay II 34 = 35

Clay IIX 33 - 34

Clay IV 31

Clay V 32

Missouri flint clay 34

Missouri Semi-plastic 33

Missourl Plastie 32

Summary and Conclusions,
1, The r,.E, values of Clay I, II and III comparse well with
that of Mlssourl flint clay, in faet Clay I shows one cone

®* [yrometric Cone Equivalent.
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e
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higher value,
Clay Iv has a P,C,E., value one cone iess than the lissouri
plastic, In practice, 1t has been found that coﬁsidarable
variation exists in the P.C.E., of the South African plastic
clays, the range being from Cone 30-33.
Clay V possesses a good P.C,E. value for refractory clays.
This relatively high value is interesting since this clay
18 known to contain a large amount of quartz. The explana-
tion lies in the fact that the quartz is present in coarse
particles which act independently in the fusion process and
do not combine with the kaolinite to form a euteotic. If
this clay was very finely ground it probably would show a
reduced P.C.E,



Clay
Mineral Composlition.

Bage Exchange Capacity
Water of Plasticity (%)

Dry Strength (p.s.i.)

Dry Shrinkage %%)

‘Total Shrinkage % (Cone 12)
Fired Colour

Fired Porosity % (Cone 12)
Fired Bulk Density (Cone 12)
P,C.E.

Table XVII.

Analytieal Data for Selected Clays.

I I
Kaolinite; Kaolinite;
Jnartzts5o% uartz 50 -

~ 10%.

S 50
12,1 12.2
38.8 177.9

1.3 2.4

0.7 6.9
white white
18.7 26.6

243 2.0
35 34=35

II1
Kaolinite
Juartz 10-
’ 15%.

15
2.8
140 .6
2.4
¥.7
white
21.7
2.2
33-34

i g
Kaolinite;
I1llite(?)
Juartzi2i.

36
20.8
300.plus

5.7

14.6
tan
6.1
2.3

31

V.

‘Kaolinite;

Illite (?);
cuartz 35-40%.

6
15.2
80.9

S.1.

B3

buff
30.5

1,9
32

= Ok -~



- 140 -

Analytical Data for Selected Clays.,

A tabulagéa'éummary of the mineral composition.snd
ceramic behaviour of the five selected clays is given in
Table XVII,

Summary and Conclusions. .

l, In general the ceramie properties of the selected clays
were in good agreement with those deduced from theoretical
considerations,
2, The plasticity of Clay IV was greater than for the other
specimens owing to the fineness of the particle size, presence
of organic matter, and the occurrence of clay minerals {illite?
other than the kaolinite group, This clay possesses & relative-
ly high base exohanée. Clays I, II, and III are poorly
plastic and all represent good kaolinite types with quartz as
the principal accessory mineral; clay II contains carbonaceous
metter., These clays all possess low bﬁsa exchange capacities,
Clay V which is composed of kaolinite and a large amount of
‘quartz and possibly non-kaclinite minerals had a higher base
ezahanée capacity than Clays I, II, and IIi, but lower than
Clay IV. This clay is fairly plastic. .
3+ The dry strength and drying shrinkéges of Clays I, II, and
III, the predominantly kaolinite types, are low compared to
Clay IV and V. The drying shrinkage of the clays with low
base exchange capaclty represents & smaller proportion of the
total shrinkage (both drying and firing) than those of higher
base exchange capaclty.
4, Clay Iv has lower refractoriness and shows the most
pronounced tendgncy to sinter of any of the élays examined,
which 1s to be expected from the higher alkall content for
this clay, énd further, this clay burns to a tan colour.
The presence of non-clay minerals (illite?) whiech contain
alkalls or alkali earths elther within the lattlce or as
adsorbed ions togethér with iron, would account for the

difference in behavior from Clays I, II and III which are
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Xkanlinitlc tvpes and behave as such on burﬁ!nq, firing white,
vosseasing hich refractoriness, and showing a generally "onen-
burning” tendencv at the temmerature conditions of the test,
Clay V enntrins s large smrrnt of anartz which expands on firineg
and counteracts the shrinkage of the clay minerals present,

The comparative coarseness of the cuartz particles causes the
quartz to behave separstely from the clav minerals rather than
to form a eutectic, which sccommts for thé high refractoriness
of this clav.

B The c~rbon content of Clay IT is sufficlently high to lesve
a porous mrss when hurned out, Thls tvne of clav must be vre-
caleined to remove the troublesome cerhonace~us matter bhefore it

coan be used 1n manufacture.
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Problem of the High Alumfna Cnntent
of Some South African Clavs

The tendency ofAsome Snﬁth Afriern refractory clavs to
have alum3n5 contents grester than the pronortions indicated by
the formula Al503.28109.2H20 for kaolinite hes long been recog-
nised, ''agner (1) in 1916 called attention tn this fact in his
Investigrtion of clays ot N1lifentsfontein and he svworrested thst
the evcess alumine probebly existed in the clays in the form
of the minerals banxite or nhnlerite,

Ong of the difficulties in exsmining the comnosition
of the cley minerals in commercial eclavs 1s to obteain a nure
specimen free of quartz »nd other =ccessories, For the nurn~se
of this investigotion a s~mmle of South Africpn high alimin-
clay which showed no auartz or ervstalline aluminlnm.hydrnteg
(T1.,E,, d7aspore, boehmite, snd gibbsite) in X-rav ewamination
was sunnlied by the Natfionnl Chemicerl Laboratories. The X-ray
pettern for thils specimen agrees well with nublished data for
kaolinite (see pace 102,) Hevstek#* rennrts that differential
thermal analvsis of this clev cives a gond kaolinite twvne curve,
Calenl~tion of the S10, : Al504 rot*n'gives a velve nf 1,72
1ndicﬂt1ng » higher alimina content than reonired tn satiasfv
the ¥anlinite formnla,

It 1s nnssihle that the extra almm?’na mev be accounted
for by the presence nf a small amount of " samornhous bhanxite"
or allonhane os sur~ested by Ross and Kerr in their investiga-
tions nf kenlinftes and thev noint ~ut thet svch meterisl may
escape detection (presumehiy by ontical ernd X-ray study) in ex-
tremely fine ecrained meterial esvecially if verv thin fillms
nf enllotdel suhst-o-nces formed cnatings on the surfaces of the

eryst-ls, (29)

#Persnnal eommmicetionl
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A more probable way of accounting for the excess
alumina in this clay is by recognising the existence of
a member of the kaolinite-anauxite series which is higher
in alumina than the 1 : 2 ratio,. Ross and Kerr (29)
point out that there is no essential difference in the
optical properties or X-ray patterns in the high and low
silica members of the kaolinite series, although the
members of the series are shown to differ recognizably
from nacrite and dickite in such examinations, Further
they found that the alumina - silica ratio of 1 : 2
prescribed for kaolinite 1s not constant but can vary
from 1.7 to2.9.. . Under these conditions the clay
mineral represented by the specimen could be regarded as
occurring in the high alumina range of the isomorphous
series brought about by the substitution of Si for Al.

Examination of one specimen can hardly yleld
sufficient information to.permit generalization however
this investigation does suggest a valid premise for at
least one way in whieh the high alumina clays in South
Africa may be accounted for, TFurther work, preferably
with quartz free specimens, 18 required to provide a

complete answer to this problem.
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Variations in Ceramic Propertiss of Middle WHeea

Refractory Clevs

General Sitatement.

A8 previously stressed, the liiddle Fcoa refréetory
clays are terrestrial deposits and as such are subject to
changes in lithology within short distances, Variations in
ceranic properties corresponding to these changes in lithology
have long been known to clay workers.

The purpose of this investigation was to determine the
effect of the geologlo features of these deposits on mining and
mﬁnufacture.

The area selected for a detalled study is in the Vereen=-
ing dietrict, an important refractory olay producing field.
While the results obtained apply specifically to the area
studied they do offer a basis for some generalisations
applying to the Middle Fcea Refractory Clays as a whole,

Proceég;gi
Geologic Sections.

Exposures of }lddle Ecca refractory clay besaring
strata in two adjacent pits near Vereeniging were carefully
sampled, The sampling interval between sections was 200
feet and the dietance between the pits was 400 feet, The
samples taken were representative of the clay seams encountered
on the vertical face., Geologlc sectioms, prepared from the
field data, are given in Figure 34, lLithologlcal details for
each section measured are shown in Table XVTIT, |

| Ceramic Propertigs.

The sanmples, after visual inspection, were crushed in
a laboratory jew crusher and screened through a 4 mesh sc¢reen,
The minus 4 mesh material was further soreened through a
6 mesh and a 48 mesh soreen, The resulting fractions
were blended according to the following mixture which was
selected from accumulated data on plant tests:

5% through 4 ma. on 6 m,

75% on 48 mesh,
20% through 48 mesh.
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This procedure gives constant grain sizing and minimizaqiahe
effect of this variable when comparing the test bars, After
grain sizing the material was tempered with water to dry preaan‘
ing conaistenoy by feel and judgement dr’the operator,wwho adds
water until the clay just olings together when squeezed by
huné. About E8«10% water was required, After”thorough
mixing by hand the clays were allowed to age 1nw31099d containe
ers for 24 hours to ensure complete distribution of moisture,
It was found tias this procedure greatly inoreased the work-
ability of the dry press mix, a faot confirmed 1h plant tests.
A suall sample of the ground material was tested separately for
plasticity which was determined by feel,

In forming the test bars, a constant weight of 1 pound,
1l nunce of clay was weighed out and pressed into bars 1" x
2% "® 44" on a hand press. Four test bars were made up for
each sample, The test bars were dried on the hot floor and
placed in & down-draught kiln along with regular fire brick
production and burned to Cone 12, The test bars were purposely
fired under commercial conditions in this test. The following
tests were carried out on the fired bars:

A. Physiocal Appearance.

A wisual examlination nf the fir~& bars was made to
note the impurities such as iron, manganese etc., present.,
The burned behaviour, including any tendency to warp, bloat,
or soften was also noted.,

B, Total Shrinkage.,

This was obtained by carefully msasuring the length of
the fired bar and calculating the shrinkage based on the original
green length,



East Pit.
Thickness.

S5 e,
4 ft.
5. ft,
2% rt.

3 ft,
2 rt.
ift.
1 ft.
2 ft.
1 1t.
2% rt.

28} ft.
Tast Pit.
Thicknesé.

1l ft.
2% 6.,
1 ft,
4 ft.

273 ft.

East Pit.
Thickness,.

4 ft,
4 ft,
3/4 ft.
4 ft,

ft.
25 ft.

4 ft.
2 ft.
1 rt.
4% ft.

301 ft.
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Table.XVTIT
Ceologic Sections at Vereeniging.
Seetion No. 1.

Lithology.

Overburden, loose sand and gravel,

Semi-flint e¢lay, thin bedded.

Semi-flint clay, thick bedded.

Silicious refractory shale, thin
bedded.

Semi-flint clay, thick bedded.

Varicoloured shales.

Plastie Clay, black.

Seni-flint clay, thick bedded.

Plastic clay, black,.

Semi-flint OlaY.

Semi-flint clay (carbonaceous).

TOTAL.
Section No. 2.

Lithology.

Overburden, loose sand and gravel.

Semi-flint elay, 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.

Plastic clay, black.

Semi-flint clay, thiek bedded.

Plastie clay, black.

Seni~-flint clay.

Semi-flint clay, (carbonaceocus).

TOTAL.

Section No., 3.
Lithology.

Overburden, loose sand and gravel.
Semi-flint cley, thin bedded.
Semi-flint clay, thick bedded.
Silicious refractory shale, thin
bedded.
Semi-flint clay, thick bedded.
Silicious refractory shale, thin
. bedded.
Senl-flint clay, thin bedded.
Plastic clay, black.
Semi-flint clay.
Semi-flint clay (carbonaceous)

TOTAL,

Sample No,

Sample

NO.

13.
12,
15.
16.
17.

18.
19.
20,
21,
22,
23,

NO,




Vest Plt.

Thickness.
75 ft.
1s £t.
1l f£t.

.3 ft.

3 ft.

1l rt.

S ft.
2 ft,
2 4

263 ft.
West Pit.

Thickness.,

7% £t.

- 1g ft.

1z ft.
6 ft,

1 rt.

5 ft.

2 re,
3 ft.
1 rt.

) 4
1l ft.
1l rt.

314 rt.
Wwest Pit.
Thickness.

7 ft.
5 ft.
2 rt.
1l ft.
2% rt.

2 rt.
1z ft.
Tt.

2 ft,
6 ft.
1 ft.

335 £t.
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Table YVITI{cont'd ).

Section No, 1.

Lithologz.

0verburdan loose sand and gravel.

Semi-flint clay thick bedded.

Yellow shale, thick bedded.

Silicious refractory shdleidtnin
ed.

Silieious refractory shale, (red

coneretions), thin bedded.
Yellow shale, (topped by 1" seam
of limnite)o

Silicious refractory shale,

Semi-flint clay.

Semi-flint clay, (earbonaceous),

' TOTAL ;

Section No,., 2.

LithOIOE! w

Overburden, loose sand and gravel,
Semi=-flint clay, thick bedded.
Yellow Shale, blockeye.
Silicious rafractory shale, with
some bands of yellow shale.
Silicious refractory shale and
yellow shale interbedded.

Silicious.rarraotor{egggae, thin
.

Silicious refractory shale.
Seni-flint clay, (carbonaceous)
Semi-rlint clay, carbonaceous, inter-

bedded with limonite.
Siliciogws refractory shale.
Silicious refractory shale,
semi-flint clay..

TOTAL.

Section No, 3.

Jithology.

Overburden, loose sand and gravel,
Buff shale, thick bedded.
Semi=-flint clay.

Yellow sandy shale.

S5ilicious refractory shale, thin,

bedded.
Plastic clay, brown,.
Silicious refractory shale.
Silicious refractory shale inter-

bedded with plastic clay.

Silicious refractory shale.
Semi-flint clay, (carbonaceous).
Flint clay.

TOTAL.

Samgle No.

10.
1l.
12.
13.

14.
15.
16.
17.
18,
19,

20,
2l.

Sample

22

23,
25,

26'0
27,
2B.
29.

30.
31.
32.

No.



West Pit.
Thickness.

7 ft,
3 ft.
6 ft.

4 ft.

2 ft.
4 ft.

26 ft.
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Tableyyrry (cont®d).

Section No. 4¢

Lithology.

Overburden, loose sand and gravel.
Buff shale, thick bsdded. ‘
Sillcious refractory shale, thin
bedded,
Silicious refractory shale, inter-
bedded with plastic clay.

Silicious refractory shale,
Semi-flint clay, (carbonaceous).

TOTAL.

Sample No.

33,
4.
35.

36.

37,
38.



Table XIX

DATA ON RAW CLAY SAMPLES FROM WEST PIT.

Geologic Location.

Section 1,

Section 2,

bﬁ

No: 2
3

4
5
6
7
8
9

No:1ll
12
13
14
18
16
17
18
19

Photo No:

© O 9 o o0 P> K d H

T i T R B~ B T R
9 o O N G M H O

Hardness
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.

Colours Plasticity
Tan and Grey ‘ Foor
Buff Failr
Tan Falir
Tan Fair
Buff Good
Red Fair
Red with dark Poor

purple seams.
Black. Poor
Grey Poor
Grey Fair
-Red and Yellow Fair
Red Poor
Red and Buff Fair
Red with Black Poor
streaks.
Black. " Poor
Black tinged with Poor
Red.
Red. Poor.

Structure Remarks.,
Thin Bedded Shale. Small Black Specks (Gritty)
Thin Bedded Shale. Yellow iron stains (Grit.)

Thin Bedded Shale. Thin seams of Limonite
(Grit.)

Blocky Small amount of Manganese,
_ yellow iron stains(Grit.)
Blocky Yellow tints of iron
_ present. Some Grit.
Thin Bedded Shale. Brown iron stains in Joints
(No Ggrit.)

Blocky Shale. Purp.e banded,

Thick Bedded Shale.Bottom Black.

Thick Bedded Shale.Some brown iron and mangan-
ese iron stains (Gritty.
Thin Bedded Shale. Pinkish tints, some yellow
iron steins and manganese.
Thin Bedded sShale. Some Limonite stains

(Gritty)
Thin Bedded Shale. Sandy.

Thin Bedded Shale. Some Mangenese.

Blocky Purple Band.
Blocky Bottom Black.
Thick Bedded. Some Grit.
Thin Bedded. Sandy.

=-6yil-



Table XIX, cont'd. .

ATA ON RAW QLAY SAMPIES FRON WEST PIT ) o
Geologic ILocation. Photo No. |Hardness, Colours, -~ [Plastliclty. strueture , Remarks.
Seoction 2 No, 20 18 8,F, Red with iromn Poor Blocky. Sandy eclay.
stains.
21 19 F. Black., Poor Thick Bedded Bottom Black. Hard.
Section 3 No. 23 20 S.F. Yellow Good Thin bedded. Sandy soft material,
24 21 S.F. Grey. Fair. Thin bedded. Clay, some manganese.,
25 22 3.F. Buff. Falir, : Thick bedded.] Some manganese.
26 23 S.F. Red. Fair Thin bedded. Some grit.
28 24 S.F. Red. Fair. Thin bedded.
29 25 S.F. Reddish. Fair, Thin bedded. Clay no grit, some grit.
30 26 S.F. Red with
purple streaks| Fair. Thick bedded.] Purple banded.
Section 4, No.34 27 S.F. Grey Very good Thick bedded | soft sandy material.
35 28 S.F. Grey and red Very good Thick bedd8d | No grit.
36 29 S.F. Red Poor Thin bedded Reddish tint, yellow iron
stains,
, 37 30 S.F. Red Poor Thin bedded No grit.
38 31 F. Black with Poor Thick bedded | Some grit.
reddish tints

=061~

S.F. - Semi-flint type of clay.
F. - Flint type of clay.



Table XIX, cont'd.

Cone 12 Cone 12 :
Photo No: Mfg. Skge Reheat. Burn Burn Remarks.
_ Colour. Appearance. :
1. .48"fft.c. 2.2% C. White Sowe 1iron spots. High in free silicas
2. OL"/1t.C, 3.2% C. Tan Even colour. Abnormal after shrinkage.
S e44"/Tt.C.. +43% E. White Some 1iron spots. Good rerraotorj claye.
4, .50"/ft.C. +58% C, Buff Sowe iron spots. Poor bond at Cone 12,
5. «1B"/1%.C. +24% E. Brown. High in iron. Reheat expansion due to over-
' fired bloating.
6. .48"/ft.C. 2,30% C ‘White. Souwe iron spots, After shrinkage high.
7. 1.70"/ft.C. .82% E Tan. Some iron spots. After expansion due to cracking,
8. .48"/rt.C. +58% C White. Free from iron spots, Good refractory clay.
9. 78"/t .C. «47% C " Wnite. Free from iron spots. Good refractory clay,
10. .48" /1t .C. 1.60% C Buff Free from iron spots, Silicious clay, high after shrink-
4 age,
11. .48"/ft.C. «35% C White. Free from iron spots. Good refractory clay.
12. B2"/ft.C. 1.10% C Brown. Very irony.’ . Too 1rohy for use,
13. .78"/ft.C. 2.3% C Buff. Some iron spots. Atter shrinksage high.
14. .94m/ft.C. «S56% C Mottled Broﬁn. Some iron spots. Good refractory clay.
15, .61"/ft,.C. .15% E. Brown, "Very irony. rCxpansion due to overfired
: bloating. i
16. 24"/t .C. 1.30% C. Buff. Free from iron spots, Silicious clay, good pipe clay;g
) =
17, «45% C. wWhite. Free from iron. :

.50"/ft.C.

Silicious oclay, good refractory

clay.



Table XIX, cént'd.

;one -one 12,
Thoto 110, 1Ig. SK&e. Reheat. Burn Burn
Colour, Jppearance Remarks .,
18 «30"/tt. E. 3.00% C Mottled Brown Very irony Highly silicious,
19 1.,00"/fb. C, 79% © Burf Mottled Some iron cmewhat high after shrinkege
20 78" /ft, C. 1.30% C. Brown _ Some iron spots - High after shrinkage,
2l B87"/ft. Co .35% Ce Brown | Free from iron spots Good refractory clay.
29 «32"/2%, C. 3.80% C, Brown ‘ Free from iron spots Higl. after shrinkage.
23 32" /tt. Co 1.20% Ce White Pree from iron spots Silicious olay.
24 «78"/tt, Co 48% 0. Brown discolcured Some 1iron spots Hair check=d too discoloured.
b 1,00"/ft. C. «00% C., Buff Some iron spots Slight hair checking, good
_ refraotory clay.
26 1,00"/ft, Ce «e36% 0. Thite |
a7 1,00"/ft. Co. 2.70% C. Buff Some iron spots High after shrinkage.
28 78"/2t. C, .14% ¢, Nottled buff Some iron spots Slight hair shrinkage, good
refractory clay.
29 .94"/tt. C. «09% C., Brown Free from iron Good refractory clay.
30 /2%, O, «08% ©. White ‘ Free from iron Good refractory clay.

31 67"/ft. Ce +«00% C. Buff Iron spots Good refractory clay.




Data on Raw Clay Samples from Fast Pit,

Table XIX,

contr'd.

-

Geologic Iocation., Photo No. Hardness. Colour, Plasticity. Structure. Remarks,
Section 1 No. 2 1l S.F. Grey Fair Bloocky Some grit.
4 2 S.F. Red Fair Thin bedded Some grit.
6 3 Soft Brown Good Thin hedded No grit.
7 4 Soft Brown Good Clayey Pot Clay.
8 5 S.F. Grey Falr Bloeky No grit.
9 6 Soft Black Good Clayey Pot Clay.
10 7 SF. Buff Poor Thin bedded Some grit.
il 8 F. Grey Poor Bloeky No grit.
13 9 S.F. Grey Poor Thin bedded Some grit.
14 10 S.F. Grey Fair Blocky No grit.
15 11 Soft Red Poor Thin bedded Sandy.
16 12 S.F. White Fair Thick bedded No grit.
17 13 S.F. Red Faif Thick bedded No grit.
18 14 8.F. Grey Fair Thick bedded No grit.
19 15 éoft Black Good Clayey Pot clay.
20 18 S.F. Grey Fair Thick bedded No grit.
21 17 Soft Blaeck Good Clayey Pot e¢lay.

-2ST-



Table XIX, cont'd. ,

Data on Raw C S eg from "ast te

Geologic Location, FPhoto No., Hardness, Colour. Flasticity. Structura., Remarks,
Section 1 NO, 22 18 S.F. Grey Poor Thick beddad No grit.
23 19 r. Black  Poor  Blocky No erit
25 20 - S.F, Grey Fair Bloeky No grit,
27 21 S.F. Red Falr “hin bedded No grit.
a8 22 S, Grey Falr Blocky o grit,
29 23 8.7, Red Poor Thin bedded some grit,
- 30 24, S.F. - Grey Fair Blooky No grit.

=¥
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Table XIX, -cont'd.

Burned Data = East Pit Clays

Come 12 1400°C, e 12. one 12.
: : ﬁrne! E ne% :

Photo No.. Mfg. Ske. Re-~heat. Colour, Appearance,
e ; = S-S S
: § AT/f8e C. «25% C. White Seme manganese spots, hair checking.
2 33" /Tt. C. 3.00% C. White Some manganese spots, hair checking.
3 .88"/ft. C. 144 E. Tan Seme hair checking. |
4 69" /ft. C. 1.50% C. Brown Cracked badly.
. 5 R28"/f%. U, 4,004 C. Buff High re-h-at shrinkage,
D e 1,457/, C. 1.60% C. Tan  Cracked badly.
) 7 l.18"/ft. Co «47% C. White Free from iron, hair checked.
8 " 1.,04" /64 Co ,35% C., White Free from iron, hair checked.
9 45" /ft, C. ° .26% C. Buff Some iron spots, highly siliecious.
10 .OS"/ft.O. 4.0% C, White Manganese spots, hair checked.
11 .30"/ft. B, 2.8% C. Mottled Manganese and iron spots, halr checked.
12 B3 L 1,0% C. White Manganese spots, halr checked.
13 A2"/Tt. C. «36% C, Mottled Tan Free from hair checking.
14 63" /ft. C. 1.00% C. White Hair cheeked. é
15 1280 /2t G4 42% Cq Brown Hair checked. j
16 +80"/ft. C. 2.3% C. Brown Hair checked.



Table XIXL_concl'd.

Photo No. Mfg. Skg. Re-heat. Burned : Burned

_ Colour. _Appearance,

17 1,44m/2%, G, .25 C,  Brown Hair Checked.

18 1.,08"/tt. C. +«51% C. Brown Hair Checked,

19 .87"/ft, C. - 1.3% C. ~ White Poorly bonded.

20 19" /ft, C.  2.1% E. Buff. Highly silicious.

2l 02"/tt. C. 1.80% C. Buff Manganese spots, hair checked,

22 83" /ft. C, 1.,20% C. Brown Iron spots, hair checked,

23 A9m/ft. C. «96% C. 'hite Iron spots, no hair checking.

24 1.57"/ft. C. .69% c. Dark brown Some 1ron; no hair cheeking.

726/

~9GT-
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C. Refﬁbat Behaviour.

Two test bars of each lot were :reasured accurately in
length with a vernier caliper and then placed in an oil fired
laboratory furnace. The furnace was brought up to a temper-
ature of 1400°C. in 3} hours and held at that temperature for
5 hours, After the test pleces were cool they were remeasured
and the linear changes noted., The phyaical appearancé of the
test pleces was also examined for signs of over firing or
bloating. This simumlative test is intended to evaluate the
fitness of the particular elay under temperature conditions
prevailing during their servicé life.

D. Refractoriness.

The P.C.E. teast as deseribed in Section IV was carried
out on the more promising samples.

Photographs of the burned bars are included in Figure
34 along with the geologic sections,

Tests done on small bars yleld results whiech bear a
relative relationship to work on full-sized briek, and such
data can be used effeotivelyvas a basis of camparisdn.

Results of the ceramic investigation are tabulated in
Table .XIX. .

Summary and Conclusions,.
l. The ceramic investigation brings ouﬁ the pronounced vari-
ations in properties of the strata even when sampled within a
relatively small area, a feature which is generally character-
istic of the l'iddle Tcea Refrastory clays. >
2e The need for careful sorting is emphasiéod. In most
cases an adequate classification can be made on the basis of
visual inspection along; however, differences sometimes exist
which are not easily detected by this means which give rise
to nanufacturing troubles.
3. A programme of sampling and testing prior to mining is
desirable to minimize production difficulties and maintain
quality standards. This can be most efféctively accomplished
by arranging nining operations éq as tb enable samples of 6xe-
posed strata to be made up into tést bars and examined before
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removal,

Note: Ome South African manufacturer arranges to have such
test results in the hands of the mining roremaﬁ at least a
week before the clay 1s mined and-rrom them he plans selective
mining operations,
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1oys throuch pH (ontrol

BGeneral Statement

Considersble overseas resesrch has heen done on the im-
provement of the workability and other aunalitles of clavs, by
proner allralil treatment, and the resnwlts of these investigations
have been ¢~ nfirmed in plsnt test, (37, 38) It was found in
many cases that if the acidity or alkalinity Iin ﬁhe clay mass was
contrnlled within rather narrow limits an sprreciagble improvement
wrs made In the msnufacturing behaviqur~of the clavs, The hydro-
gen-1nn concentration of pH offers a true measure of the active
acidity or alkalinity, and the ease of measurine this pronerty
makes 1t an effept*ve enntrol for adiunsting the clay mass to nro-
duce the ontimum improvement in phvsicsl pronerties, Becavse of
1ts cheanness and effectiveness, sodium c;fbnnnte is the usunal
chemical commonnd used to adiust the pH of clavs,

It has been frund that a curve showing pH vs, sodium cor-
bonete addition will usually supoly information on the clevs that
will indicnte the nrobebhle resnlts obtainable by adjustment of
the pH., Accordingly, a series of such curves wess prepared for
various sempnles of commercial South African refractorv clavs in
order to determine the effects of such treatment,

TExperimental Procedure

The method outlined in Barker snd Trung wers followed in
nrepgéida the samnles, A aymmerv of the procedure is ss follows:
To a series of 20 gm samnles of elay in beakers, 50 cc of distilled
wnter were rdded to each with varving amounts of sodium carbonate
rangine from 0,24 to 1.,0% of the weloht nf the eclay. After stir-
ring ozcasionally the pH of the svecimens was determined with the
Beckmaﬁ pH meter, »

Description of Samples
-= silicious type refractnry shale,

-= prey, semi-flint clay,
-~ 8oft black pnlastic clayv,
black semi-flint clay,
-= purple seni-fiint clavy.

-- black flint clav."
-= buff semi-fiint c1Qy.

Sample
n

nn
i
"
"
L

QY a0 QmE>
]
1
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The d=ts accvmlated ave as follows:

pH of elays

» with varvi;g percentages of ngacoa added
Smgle . . . D.6% . GCI%

A 7.0 9.0 9,6 9.8 9.9 10,0
B 6.5 9.2 9.6 9.9 10,0 10.0
c 6.4 Ted 7.6 B.1 S.4 8,6
D 6,9 9.0 9.5 9.7 0.7 9.9
B 6,9 3,8 9.4 9.7 9.8 10,0
F 7.0 B.3 9,0 9.3 9.7 9.9
G 6,5 B.6 9.3 9.6 0.7 9.9

Note: pH of di1stilled woter was 6.4

The results of this wrk are shown on accompanving curves in

Pigure 33,

Remarks \

A noticeable characteristic of samnles C and D was the
relative length of time reaquired for thelr pH readings tn become
constant, This nhenomenon is known as "drift", and is character-

istic of slightly buffered snlutions which ohnhze in pH as a

result of sbsorntion ~r evolution of COo or 502, efc. Drift 1s

also observed when chemical rerctions of any nsture take nlace
in the solution, Semples A and B showed 1little drift even with-
out the additirn of buffers, Some drift wes nnoted in unbuffered
gamnles of c¢lavs D, B, and G, but the tendency usually disap-
perred when the sodium c-rboneste was added, the first decreasing
with the additinn of the chemicenls, In the cease of clavs G and

F drift was not snparent after ihe addition of 0.2% of Na,COx.

The tendency disanpeared in samnles C, D, and E after a 0,4%

addition of Nay003.

Summary and Conelusiona

1% A1l of the c¢lavs exam'ned were shown tn be naturally non-
acid,

2. From the curves given, it 1s interesting to note that
samples A, B, D, E, and G all fall within the s-me nsrrow
ontimum pH rance of 8 to 10,

Se Samnle C, which wes the nnly plsstic clav exsmined, showed

marked variatinn in pH behaviour from the other samnles,
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with the addition of alkalis, Tts curve showed no tendency
to flatten out within the range of NasCO; additions made,
Samnle F d1d not show as pronrinced an effect in flattening
in the presence of increased amounts of na2003 as ssmnles
A, B, D, B, and G, but lies somewhere betveen these clays
and elay C in effectiveness,

The curves indicrte the possibilities of the vnoorly plastic
clays being amenable to alksll treatment with shout 0.6%
Na5C0z, and this information offers an interesting besis

for further investigation,
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V - CLAY RFFRACTORINS INDUSTRY OF SOUTH AFRICA

HISTORY

Fireclay bricks are known to have been munufuctured at
Vereeniging in 1891 when such bricks were produced at the
0ld Works of the Vereeniiing Brick and Tile Company, Linited,
under the supervision of Mr.Buchanan, plant engineer,
Véroeniging-made firebricks in those days were trunsported
by ox-wagon as far afield as Kimberlsey,

Firebrick were also made at Olifantsfontein before the
Anglo-Boer war, and a number of smell plants on the Reef
epparently produced some of this type of ware during that
period; however, detalls on these earlier menufacturers are
obscure. The output of the early préduqers was generslly
quite small, principally because the total demand for fire-
brick was not important in-South Africa during these yoars.
The firebrick requirements for early industrial activities
on the Witwatersrand were generally met by overscas suppllars,
particularly in the fleld of assay ware in which Great
Britain became the principal shipper.

Industrial expansion on the Witwatersrend following
the An;lo-Boer wear, increased the demand for f irebrick and
more local producers begen to enter the field. The first
menufccturers of firebrick were those plants which had buen
producing building brick. Among the earliest contenders for
the domestic maerket were the Vereeniging Brick and Tile Company,
Limited, the Consolidated Rand Brick Pottery and Lime Company,
and the Boksburg Brick & Tile Company, World War 1 brought
about incretised demends for firebrick, and soon after the
war period the Union Fireclay Company, the ZIconomic Fircclay
Company, and the "1lzin Fireoclay Company came into production.
The menufecture of assay ware was soon teken over by domestic
producers and uall menufacturers began to expand production
of fireclay, brick, and tile during the twenties and thirties,

The rise of the steel industry gave a great impsetus to local
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fireclay manufacturers, and close co-operation between the
steel industry and the brick menufacturers resulted in further
growth of the industry.

The advent of World War II caused the local firebrick
industry to be faced with the production of all of the domestic
requirements because of the difficulty in obtaining overseas
materials. Fortuna tely plant expansion and modernization
was under way before the war commenced and these programues
were incressed to enable domestic suppliers to meet all local
needs and to supply nelghbouring countries as well, This
period was one of great technical advance for the local in-
dustry, and following the war the domestic producers have
retailned thelr advantage over overseas suppliers.

PRODUCTION=~-EXPORT AND IMPORT

The manufucture of clay refructories is & very important
secondary industry in South Africa, The trend of production
of clay refractories from 1935 to 1944, the lest year for
which published statistics areavailable, is shown graphically
in Figure y which was prepared from estimates based on
existing data for production of all types of refractory
products for these yearsy  Production increases during the
war years reflected the expansion and technical advances, in
particular the application of the tunnei kiln made by local
mapufacturers, The increased demands of expanding consumer
industries, especlially iron and steel, accelerated d omestic
output, The clay refractories industry received prefsrential
attention during the war years because of its vital support of
the war industries, and output was increased to meet the domes-
tic requirements in the Union and all neighbouring countries
as well, since South Africa was virtually cut off from overseas
suppliers of these commodities as a result of lack of trans—

portation,

# Census of Industrisl Establishments, Government Printer, Pretorla
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Prior to the war, substantiel amounts of clay refractor-
ies were obtal ned from overseas sources. Considering that
clay refractories generally have a low economlc density (value
per ton) the development of the domestic industry has affected a
lasting economy and practically mede the Union self-sufficient
in the supply of these materials, The trend of imports and
exports of clay refractories between 1935 and 1945 is 1llustrated
by the graph given in Figure 35.,* The principal pre-war suppliers
of clay refractories included Great Britain, the United States,
and Germany, After the war, the customers for Union mede pro-
ducts included Southern Rhodesia, Northern Rhodesia, Belgian
Congo, and Portuguese East Afrieca.

LOCATION

The clay refructories industry of South Africa 1s concen-
trated in the Southern Transvaal where favourable deposits of
refraectory clay are located. This concentration fortunately
coincides with the ma jor industrial districts and principal
coal fields of the Union. These producing centres are located
at Vereenlging, Olifantsfontein, Boksburg, and Springs.

The early plants were located primarily on a geographic
basis in the proximity of the rapidly expanding consumer centres.
The geological factors were secondary, owing to the f ortunate
occurrence of extensive deposits of good fire-clay in the prox-
imity of these consumer centres. Until recently, the.plants
have been located at the site of the clay deposits, but recent
trends indicate that as workable deposits are exhausted, the
producers must search further afield. Transportation has
always been a}big factor in the evaluation of the commercial
possibilities of refractory clay deposits, so that even today
only a portion of the clay reserves can be worked economically.
Coal, water, and electric power are relatively cheap and access-

ible at all of the producing: centres, which has tended to keep

# Renorts £ the Denartment of Customs and Fxciges,
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the producing centres close to the consumer centres,
STATUS
There are six plants in the Union producing clay refruc-
tories at present, as enumerated below:
1; Boksburg Brick and Tile Cc., Ltd., Boksburg

2., Consolidated Rand Brick Pottery and Lime Co. Ltd.,
Olifantsfontein

3 Economic Fireclay Co.,, Boksburg

4. Elgin Fireclay Co., Ltd., Springs

5. Union Fireclay Co., Ltd., Boksburg

6. Vereeniging Brick and Tile Company,Ltd., Vereeniging

The Consolidated Rand Brick Pottery &nd Lime Co.Ltd. and
the Vereeniging Brick &nd Tile Company, Ltd,, are the two lurgest
producers in the Union and menufacture & complete range of
silica, magnesite, chrome, and other refractories and together
supply practically all of the requirements of the domestic iron
and steel industry. The Boksburg Brick and Tile Co.Ltd.,
the Tlzin Fireclay Co., Ltd., thg conomic Firedlay Co. and
Union Fireclay Co., Ltd., produce olay refractorles for boiler-
work and non-ferrous metallurgy, in perticular ref?actoﬂy:wgre for
the gold mines. '

4 gommon charucteristic of these piants is the wide
diversity of products menufectured in addition to clay refrac-~
tories, often under the same roof, & condition necessitated by
the relatively smail but great veriety of clay products
requirements to be met in the Union. This is in marked contrast
to the overseas trend toward specializstion.

The refractorles manufucecturers of the Union are all
members of the Trunsvsal Clay Assoclation, which is devoted to

the advancement of the industry and the exchangze of ildeus,

/
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Research and development is & prominent considerstion
among the larger firms particularly, and the newer plants
represent the latest in overseas design and equipment, A
flow sheet for the manufacture of firebrick in s modern South
African tunnel kiln plant is given in Figure 37.

MARKETING |

Practically, up to 95% of the refractories produced in
the Union are sold directly to industrial consumers, although
Agents and stockists are used to handle these products in some

of the coastal towns. Important marketing conditions existing
in the Union are the manufacture of various products to speoci-
ficetions of industrisl users or furnace designers and the
development of products comparable with overseas materials,

The problem of overcoming the prejudice of local indus-
tries for imported materials has largely disappeared since the
wartime sxpansion of the industry, but vestiges of the
reluctance to discuss specifications in terms of physical
performance in favour of chemical snalysis still remains,

Foreign competition in the field of clay refruactories
has declined to a position of relutive unimpértance largely
owing to the improvement in quality of local production ahd
to the protection afforded in preferential rall tariffs and
customs duties.,

SPHCIFICATIONS FOR FIREBRICK

The South African Bureau of Standards, in cooperation
with domestic menufacturers and users of clay refractories hes
recently drawn up suggested specifications for firebrick.
These specifications are as follows:

Normal Duty: Firebrick in this classification must

possess a minimum P.C.E. of Cone 28, They must not show more
than 1,0% linear change when subjected to & re-heat test of
1410°C. for 2 hours.

High Duty: In this classification firebrick must have a
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The test deta shown below sre uverage results of control tests on 9" brick and are subject to normal variations on
individual tests, These results cannot be tuken as maximum or minimum requirements for specliflocatlon purposes.

Normal Stiff- Casting Pit
mud repress; Hollow Ware
hand made; dry Stiffmud

Quality. High Heat
Duty Stiff-

mud repress;

Super Duty
Dry Pressed;
hand made,

pressed repress hand made
Pyrometric Cone Equivalent:
Standard Cone (British Seger) 32=-33 38-33 34 34-35
Temperature Equivalent 1710-1730° 1710-1730° 1750° 1750-1770°¢.,
Orton Cone SBT=337 32%-33"* 34~ 34--35" %X Note: The A.5.T.M. Hot -
Rehset (Permanent Linear load and spelling tests
¢hange). were performed overseas
Percent Contrection or because of the rather
Txpension elaborute specialised
at 1400°C, for 5 hours 0-.6% C, 0-.8% C 0-.5% C. 0-.2% C. equipment recuired. =
at 1600°C, for 5 hours - = - 0-.8% C. S,
% Hot Loed Test: o
A.SCT.M. C.lﬁ-‘l (25/89. >4
in,) >
Percent Deformation at
1350°F. 2-4 2-4 - -
1450°F. - - 4-7 4-7
% Panel Spalling:
A.ScToMo 00107-42
Percent Loss,.
Preheated 1600°C. 2-8 2-8 2-5 2=5
Apparent Porosity
Percent 20-25 22=25 20«23 1l7-22
Chemical Analyses:
60.5 59,8 55.4 53.8
A1283 3543 35.4 41.4 43,0
T102 1,2 1,3 1.8 1.2
Fe 03 1.6 1.8 08 06
Other Constituents l.4 1.7 1.5 1.0
Modulus of Rupture
AoSoToMo Col33-39 )
Lb. per sq. in, 900-1200 800-1000 800=-1100 1200-1500

- A=



meble ¥¥, cont'd,

inter- | mlgh T
mediate | Heat | Super
. Heat Duty. | Dutys 1R RO
T e i —
Silica content,per i " : :
cent. | 80 ' 55 52
Alumina content, % | 25 [ 42 | I 43
P O - 30-31 | 32% | 35b§4
Approximately © I 1665 | 1723 | 1752
Density (Bulk)g.p.c.cl 2.114 I 2.082 | Bl as
Porosity. LalssdB I 18 | 14
% Spalling loss - | g
High Duty Schedule - ! fae - I 0
Low buty Bchedule - I o | 2.7
Reheat test-change- | | I
linear - %. : l & |
5 Hours at 14003C. | 0.5 #710.5 : -
I O SRERRE G L Y : - | ~0.2
] l 1
| | l
Load test-25 lbs.per | | |
sq.in., 1% hours, % | '
subsldencs« | !
At 1300°C. 3.0 ] - 1 =
At 13509C. T | 5.0 pist g
At 1450°C. o= : - g
: | l
‘ J. OOOOOOOOOOO .'.IIQOQC.'I"......

e 9 o g 00 o0 olol.f..o‘..‘oo1luﬂotnool

PROPERTIES_OF-SELECTED BRICISH FIRECLAY ROIFRACTORIES . — = :

— e e eem - e e

STITceousl  Wedium

7 o=, Aldmina . 142% Aluaina,
r i : P -
Apparent porosity,% 30,6 ' 19.4 : 16.4
DERSity, ZeP.C+Cw (4188 o £.08 ' 2.00
Apparent specific gravit¥*2.67 I £2.59 ! 2248
Cold crushing strength 1940 £500. ! 6050
Permeability - 10.011 0.028 | 0.071
Linear change on firing | | |
per cent. |
2 Hours at 1410°C. | #6.5 0.0 b 40.3
Cone melting roint,°C. 1580 | 1700 I 1750
Refractories-uu@er—load—' ] ' [
50 1b per.sg.in.rising | I
tewperature test.= I ‘ 1
Initial deformation | 1150 1500 1300
Rapid deformation 1270 ! 1550 L 1540
Shear or 10% collapse 1410, | 1600 ! 1610
Thermal shock resistance W 304 | 304

¥ After Chesters-J.H. - SteelPlant Re 'ractories, p.175-176,
London, 1944.
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Mafmm F.0,7, of Cone "2, Tev v not g ow more than 0,757

1inenr change when subiected tn the 1410°C, rehert test for
t'o hO‘!lPS.

Super Duty: Sneh firetriclr In this cla=-'flent?on wust

nat h-ve a /',0, o+ ¥»Tue 1rgs then Come "2, Tn the reheat test
eondicted at 1600%C, far twn hrurs thev wust not sho: =ore than
1,7 Yineor shenrce,
™R RPT—Q NP SYMT AFRTAM O AY REYPRIOTARTOG

The nrorerties nf srme South Afrienn clav refrretnries
~re tabrl ted in Tahle YV, These mnoterinlg ct;rnnw"e very favorre
“hly with the foreiem nrodu~tsy 5130 included in the table.

ST IR TYRISTRTES

The rpech olven in Flo, X7 ghrws the rel-tive nercent re
nf total deltverirs of dme=tic nrodnetinn to prineinal clav
refractnry coms morg 'n the m'mn in 1947, hamed "m eatimrntes
fry+ nriv-te dnta,

Teon and “teel

Te ‘rnn and stesl Industrv locrted nt Tretoria and In
the Vagl Tas?n nt Vereeniping and "an der B1*1 Park 1a . the
largest enmormer of e¢lav refrantorieg, Reonire tg fop thrsge
c~m~itteg pre 80 1 et nt that bath TRTIR gnd TRCH =nintain
an active nrorrame ~f co-omerntive reseerch nnd Aavel orment
with ‘omestfec namfactnvrers, The Tron bHlast furnnce and acern~-
nerine stnves ere larme crmamers of refractnries, a nniern ine
str1lat?on a~ngng 1 to 2 M 111 Brielr and gtr-n~ effarts
are helng mrde to obtain all future remirments loe=1llv, Cu=-
polas and hert trert'ns furnaces are al 85 f-mortrmt nsers ~f
elav refractories, vestine n1t refractories inelvd?ng linin-~
f-r aterl meltin~ 1r'les rm! nneo-es, strrners, s nlesvea "idh
ore mge in e Y="1le ragehly a7 e ¥ art-nt grnmmera of Poe=
fracinpe oanda, Tleovw pefma-taplicg are slsn nNesed in clectric

frirnace rofs for the nrmifacture af srec’®rl gterlg, In soalinp

nttg, =n’ Ht1lrt her*+ine frn =g,
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Non-Ferrous Metallurgy

Gold industry: Clay refractories in the form of assay -
ware are used in large quantities in the gold industry. Clay
refractories are &lso used in the refining process both in
the form of crucibles and liners, and for the construction of
refining furnaces.

Copper industry: Condensers and retorts used in zine
distilling furnaces are made of refractory clays and fireclay
refractories are used in smelting furnace sidewalls.

Lead industry: The upper parts of lead refining
furnaces are lined with fireclay brick.

Aluminium industry: Fireclaj linings are employed in
aluminium melting furnsaces.

Power Ceneration

Boiler furnaces used in the production of power from
coal are one of the major outlets for clay refractories in the
Union, A popular type is the B. & W, cross drum boiler with
chain grate stoker, In this case the boiler furnace is lined
with high duty brick and the remainder of the setting is
geﬁerally in normal quality fireclay brick. The sugar industry
in Zululend employs various types of bullers designed to use
bagésse%spent sugar 3ane)for fuel all of which are lined with
firecla; refractories.

Other Uses

Ceramics industry: Clay refractories are used 1in la:ge
amounts for the construction of periodic and continuous kilns
for the manufacture of clay producte, They are also used for
the produetion of saggers and kiln furniture.

Glass industry: The glass industry uses special tyoes
of clay refractories in the form of large blocks for lining the
melter and refiner sections of the glass furnace. Clay refrac-
tories are also used in breast walls, port jambs and sills, port
wall sides, port crown, port paving, mantle black, regeneration

wall crown, checkers, tuckstoves, skimmers, plugs, and troughs.
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Lime and cement industry: Clay refructorles ore used
in the construction and lining of shaft snd rotury lime kilns
end portsal end cement kilns. -

Gas production: By-produets coke ovens use olay refruc-
tories in the foundation met, main flues, checkers, certain
walls, oven chamber floors over roof ends, charging holes,
jamb, blocks, and top mut.

Incinerators: Incineraetors are constructed mainly
rrom-rira-clﬁy refractories,

Enama;ing: Tnamel furineces &nd frit rurnkoas have
clay refructories incarporated in their coistituents.

Rallwaya: Locomotive arch tiles sre importunt instul-
lotions of c¢clay refractories.

Chemioal industry: Various furnaces for use in the
chemical industry use clay refrsctories in their constituents.

FUTURYE OF THE CLAY REFRACTORIES DNIUISTRY

Attention is constantly focused on the production of
better quality matericls and new types of refruactories. In-
proved techniques and advunces in research and development oun
be expected to keep the domestic 1nduatry up-to-dute. Now .
methods will effect improvements in making and burning. The
emphasis 1s becoming more pronounced on the purt of manufucturers
in the desirébility of producing refructories to suit the
individual needs of consumers and this condition is expected to
cont inus. The refruactory spaoiglty produots--plastioa,morturs;
and castables--will increasingly displace burned refructories
end with further advances in instellation technigues will leed

to & new era of technical development in the industry.
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