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A H ? i ACT

Over 7,000 mon.ixireroc ta of primary sedimentary
stinictures wore reooivied 1in the ICcca and Lowermost Beaufort
Beds (Permian) in the Karroo Basin of South Africa. These were
taken with a view to roc. u.;truetin the regional paleocurrent
patterns, the teot —nic framework of sedimentation and the

paleogeorraphy.

*1 -'¢ ion 1 study wi s made of the Lcca and Lowermost
Beaufort litho-stratlfrap.hy within the Karroo Basin and
particul ar eypr. siswas Jj:icel on determining the areal dis-
tribution of t o various facies ar.i their relationship to

paleocurrent trends. The vcca series has been subdivided into

ar.i Cf.tral cles,

ediraer.to of the lortiern Facies are confined to the
nort:ern one-f ird of 2 e 'sin, ar.i ore composed of bluish-
black shale, co- to N v, :0or lonerate and cool seams. 5ed .-
ments constituting the lower aid upper portions of this facies
were deposited in a relat voly deep water continental sen en-

vironr.ent, while t e middle :0 tion was deposited under fluvial-

deltaic condition.’ on a.lowly subsi in cratonic shelf. The
major source of the. e .c.h-'.-ts lay to the east and north-
east of t) e present Hat-I co st. These source rocks were pre-

dominantly gran ltic in composition as revealed by the heavy

minerals and abundance of microcline felspars.

The uouthern hcca Facies 1s confined to the Karroo

Trough and outcrops along the southern structural margins of

— the —



the basin as well as alone the Transkeil coast. It is composed
of a thick sequence of greenish-irey ond bluish-black shale,
tn-iywackc and ub- ra®“-wacke sandstone. Sedimentary structures
indicate that the lower portion of the succession was deposited
under deep water conditions and that turbidity currents were
active. Ire*-re 1ively a llower water conditions prevailed
during deposition of the upper portion of the succession and
t.ke :avlor as a wl.ole was deposited in a rapidly subsiding
tio.h which ierr- ; rt of the Cape-Karroo Geosyncline. Although
the r.n,;.)riry o? the sediments were derived from a source lying
oeviwl c* 'm° southern e molded elt, transport also took
place in tn <tsferly lircction along the axial portions oi the

tion of these suds tones indicates that the source rocks were

*

basic 1 neou rock Iso o urred.

no ‘eoterr :c- Factor occurs in the south-western

portion of the b ain t.di [/ ut »M 0f bluish-black shale, sub-

posited portly in the western portion of the Karroo Trough and
partly on the unstable shelf ireos around the western margins

of this f* at-re. Se lir.”nto onot ltutir - the lower ono-third of
this succession were 1iepo ted under relatively deep water con-
ditionc while the rcmninin two-1hirdn of the ouccosnion was
deposited under fluvial-1-'ltnic conditions. The source of these

sediments lay to ,he west and south-west and was composed mainly

of granitic rocks.

Hecks constituting the Central Ecca Facies are con-

fined to the central portions of the basin and were deposited
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in an extensive, relatively deep, inland sea. These rocks
actually constitute an inter-mixture of the fine-grained faciee
equivalents of the other .'roe fa Vs, derived from three

different source ureas.

The lowermost Beaufort Bede are composed of fine to

conrae-graine 1 sandstone inter! edded with blue, green and

tinct :'ac. , lo: vv i frc. ae: ¢ te source areas composed mainly

more or less the same list sibut ion as the Soutl.err., Western and
Nortl en. a’ iVa,eate v xXri< s, exce: t that they do net
different i;tholo —isnl xmits const itutin’ tie wvarious facies

interfinier with each other towards the central portions of the

source area* as occurre! uring to Eccn perivl and were mainly

laleoveovro hical reconstructions indicate that the

present African rub- onti u.t a » more extensive during dcpori-

timea, W< Karroo a. in w« rn hly connected to the oceans by
means of tvn narrow cp-nin a situ tod in the south-eastem

portion of the basin uo well as in t.he vicinity of the Orauge

River Mouth.

Economically important mineral deposits are discussed
in tie 11 lit of conclusions dr vn from the present research.
Certain sedimentoiogicnl, palootee.tonic and paleopeographical

controls nrc pointed out and recommendations made for future

exploration.
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INTRODUCTION

l"e jari’oo System, oi* thn African equivalent of the
so called Gondwana systems of uhe southern hemisphere, covers
vast areas of the Republic of South Africa. In addition, the
system occurs in South «'o:;,t Africa, Botswana, Rhodesia, Malawi,
Zambia, Congo and hast Afric-. In the Republic, the largest
and best preserved occurrence constitutes the Great Karroo
Basin and covers an are of approximately / 1,000 square miles

(see fir. 1\ iuis - e*ire is bounded in tx.a south and south-
west by t'.e east-west and nurth-south trending Gene Folded
Beits respectively. Karroo strata extend seawards “elow th-

Indian coan to the east and the northern and north*-western

margins are partly struct,:h and partly erosional.

The system was f;rot studied and defined in the
provinces ol the pe i Natal, where the Dwyka Tillite for: 5
r..0 base and the hast, tic ir.vas of the Drn> sa'be the top»
The intervoni: ¢ bods, many thou: anIr of foot thick, have been
divide up pa »ly on paler ntolvf-l.c .1, hvt . 1Inlj o:d :1 :ho-
lo * ;tdl criteria Into the ..oca, Beaufort and Jtoi berg Series
(tee table 1). These rosin ore represented oy an estimated
m .Jagc thlclmnse of m least 30,000 feet in the cist-west
trending Karroo Arough, 1lying imr.edintoly north of the
Bouthem Cape Folded Brit. A considerable thickno. s of
Rtvaca was also deposited in a ooconl trough, the ax e of
vhich more or less parallels the Natal coast. Inland from
these linear downwarps the sediments become progressively

thi nor.



Rocks of the hurroo System rejt conformably on the
older Gape System sir to 'j. the central portions of the Karroo
Trough but tr?msgress onto progressivel]y older Cape System
rocks 1in a northerly direction and ultimately come to rest im-
conformably on asoment granite. Outaido the troughs and on
the shelf area , the Karroo strata are n « only represented by
abbreviated sequences, but ctr ttigrupiilc dioconformities are
conr.on, rosul in,* in the absence of considerable thicknesses of
strata. Two large dLsconformities have been dt cribed by Du
foit (19%), one t the top of the Jwyka Tillito and tie ether

at the 1 tse of the it mb erg dories.

Dwykat Keen and Lower e ufort strata hav-j been

foldings ire thourht " have commenced in Upper Iormian tines
and been more or les. t .nuous through to Upp< * Trirosic

tinas (De villlors 1944).

burin Juraerlc tr.ns the Karroo Gtr t ' were flexed
into ; nonccllnal foi 1l along the ¢ stem m-spins of the basin
and subsequent nom 1 fault!., h.au rreatly modified this
structure. However, over the remainder of the baulnthe beds

Up Inwar in it low angles towrau t o cu/ e

Intiainive into fdwo Karroo at —nta are numerous dolorii
oil]c and dykes. Only in the south w: ore the bedsare folcad
are the ioloriten absent. Du Toit (19%/ believedtint
dolerites were intruded at more or loai; the onmo time as the
Drakensberg Lavas were being extruded and that intrusion at

depth continued for some tine after vulcanic Ity at the surface

had censed.

- fable 1 -



Tabic 1 sumrurizen the stratigraphy of the Karroo
oystem and also lists the accoptci correlations with equivalent

European Jyatems. Followinr the outpouring of the Drakensberg

lavas, at the end of the Karroo period, isootatlc uplift of the

Southern Africxr. sub-cont nent resulted in the superinpoeition

of a radial drainage system upon an essentially horizontal,

lava capped succession of Jtrata. Successive uplifts anf minor

downward movements, together with erosion, have resulted in v, t

quantities of Karoo strata being removed and transported

iHolly outwards into the oceans since Juressic Thus

at the present, rocks constituting the different strauinraphic

suo-d'visions of the Karroo Jysteic outcrop as a series of cor-

the Trakensberr Lava - the cord re fig. 1).

The present study was confined tc the >,ca and Lower-

Beaufo. t Beds occurrin within t ;o % crsnt structural and

erosions: Vmits of the Karroo Basin. The most important coal

dopes it.a in South Africa occur in these rocks and recently the
fcca Lorilies 1n particular has attracted considerable interest

th- etr.o;* importance, 1 nr i a exploration point of view and ‘o

n D\or«il objective of this study to reconstruct the history

W s'-ui..>::.t;,tioi- of the I'cca and Lowermost Leaufort Ledp. It 1is

belloved that a better understanding of tho node of origin and

localj zntic of hnown coal deposits in their basinal setting

will enable more accurate predictions to be made regarding
future exploration for further deposits. Aimi“rly, recon-
structions of tho paleogeography, tectonic framework of sedi-

mentation and the deposi ional environments would be of consid-

erable wvalue 1in any exploration programme for oil and gas.

- Taking -
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4 11i' 1,ie fibeve considerations; in .0 account f the

followin'* were vne main c’], " tives of the study —

10 rscoilsl7\ict t,.e regional p iloocurreiit p -tterno within the
“ccn Bn i1 lowerruoi-1 Beaufort ede > and to relate thoae to
'O (Ole* "icit ¥ chanceo in order to gain a better under-

standing of the stratigraphy,
r. To re. vtc re ional pnleocurrent directions to palcoslope and

con.ooquentl]j uo reccurtruet the position and nature of the
source areas and palcoleography,

thr paleotectonic hist "y by a study of Zcco and Lowemost
Beaufort lithofacios.

To reconet”ict the various d positional e vironocrts wh nh
existed within the ca and Iowe -oat eaufort Beds.

.n view of tf.d above Dbj.-ctives lhe following investi-

gations '/ere carried out -

oedi.rontary str.-ctvres, ; :»rti ular «.j..sis Veinr | .cud on
the r.ensurcrenfc of d *'ectio:. str:c ure. such as cross-
be din ;, rlj pie r; , sol r* —-ucd o s, rtin, ¢ lin-' ."ioro,
etc.

?. Average current lir-'ctions . :e dcteiTined for each outcrop
locality, correction f the iirecwvio:. ;1 data for
tectonic tilt. lhere current tre..,.s wurc then represented
on paleocurrc.it ta: s vorimi the complete extent of the
Scoo and I iwerr,. if. e out rr Dbelts.

3. Av ira, 1 evi skm . of pia: Br cro. s-b > .in*e 4w -age ripple
index (wave lengthiivided by r'itnde) were ietornined for
different outer:;1.1 re resented on m-ps in oiler uo

detorn, ine are''I v 1l iti< .0 wh ch my b related to paleo-
current tr ?nds u.d other i:eiir.<.ntnlo. ic-I projer ioa,

rain size of
‘cca handattne was determined for each outcrop locality
investigated. The data w re plotted or n nap and rel tc 5 to
peloocurront trends» and 1I1lc used to dclineni o lho exton ;
of different facies within the Been.

5> At each outcrop of conrlonv rbe oncount red in the fiulv b fh
*aecan pebble si?0 nd composition wore dete.unlnod "1 solw,
to the regional paleocurrent ;attorns. Pebble co: .positions
wore used to determine the position and rat.ro of fhe source

rocks.
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6 . Gtratigraphic aoctiona were studied in the field, and
available borehole 1 )nn and measured sections were examined
in the office. Fror this information it was possible to
form a clearer pic #vice of Ecca and Lowermost Beaufort

stratigraphy an w 1 an the areal distribution of facies
and sedimentary overlaps.

An inopach m'.n of the totel 2cca plus underlying Up- er Dwyka
Shale was con: trueted for the mfjor portion of the Karroo
Basin, from which it was poo ible to obtain isoful informa-
tion concerning the tectonic framework and paleog -ography
during Lower Karroo times. In addllion the areal relation-
ship betweei thickness of Lower Karroo strata und published
gravity data were com:ared.

8. Geolcrical ‘'actions across the Karroo Basin at the time of
sediment:’ion were constructed to elucidate the stratigraphy,
paleoget graph;/ md -ediment. ry tectonics#

9. Texture tnd cot.position of Ecca Lundstones belonging to
different fue.ec were examined in thin sections, ant povit
counts made to letvmine percentage compositions and to

i
concerning the nature of the source rocks and th depos:tiorvu

were used to di*fereutiate tvtween facies,

10: different facies, n .d point count: made in order t) le ,ccv
and to determine the nature of the source rocks

11, Coolmi other nir 1 h ! ' were ex— ned in th -11 ht
were pointed out, »x rocomnendations f' future cxpxoratxon
made.

The thcrio is composed of two volumes, .olum" »
contains the written portion and Volume 11 contains the
appendices and tie 1iHue tvat ions referred to in Volume I.
appendices record the geographic location of each outcrop
measured, together with the types of sedimentary strvctuueo
and relevant statistical data. In ai.iition., bon .1 and

measured stratigraphic sections used in the construction of

subsurface geological maps lLre listed.
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The puibDoao of this ch; , cr Is to provide M basic
stratigraphic fra: .ework for the jicca and Lowermost Beaufort
Bede within the coafiner ' t! e Great Karroo Basin from an
analysis of their facies distribution, thickness and inter-
relationships of their component parts. Previous attempts to
recognise and lefine 1i.inv-str ti -raphic ur.'ts within these beds
have so f r been largely B ssful duo to paucity of fos/ils
and the lack oh ub rV <ce control* In addition, t 1 2ithoiay
is discussed and mention is r. ie of tho various sedimentary

structures aid fo -sil £ vnd in cse beds,

th.h @G ¢ '
,/X. Gh hh vL

Lxtensive eolo 'c ‘nvesti-’ctions v.vc oeen carried
out on the Eccu n\ lowevn t w eort rocks 1uce & J
numerous different r ” *o<i le In t) M rix iy* no co erale
review of revious " t rr imic work will KX e 7' < mo™t

of the important wrrka are c"t* i4"o foil own 'ext.

The Keen berlnu rests conformably on the Pp"er Dvryha
Shale )n the Karroo Trough to the north of the Ciuv '"“olded elf,
the contact bein * taken at t e top of a v ry distinctive and
poroistent carbonaceous 7on( , known nr th< diit.c md , C oe
fip;, 2), Farther nort+: it becomur, increa: in”ly difficult to
recofrniue this contact in tho field ;0 that ult matcly nolva O

a line joinin' Port St. John's uid Hopetown, there is virtually

no way of differentiating betwoon shale of Upper Dwylca n—o and

- that -



that of the succeedinr Lower ucca (nee fir. 1).

Following ret eat of the Dwyka p-lacirtion vaot areas
ol oouthern Africa were covered with tlllite, anl in t’o succeed-
in.? period subsidence and sedimentation continued uninterruptedly
in the Karroo Trovrh, portions of the Natal Trcu -h -nd large area
of what is today the Cape lrovince. However, over much of the
north-eastern ro'-cion of the basin, exter. ive areas of tlllite
were subjected to ero ion rnlIrow rkin-. It 1i:d ite p sible
that much of the nrter"ni constitutinr the Upper Dwyka Chele was
derived from reworked Ider lacial beds in the north. This cx-

n*

has resulted in a very 1lr—e 11 ¢ ..fc*: .!> between the Dwyk

Tlllite nd the Lee eerie . c Upper | xryka *< 1)\ lot".t
i
of the iisconformity lucre, ms in thl . .rection a wt,1.
In that part r ‘'t o basin where * 'White Zar.isno

lonper rococnisnble it 1 r oX neceisrry to iteludethe Tr

, In this the
Ecca contact is taken to be where rocks of the Leea oories rert
coufomubly or diaconforr ably cn the highest definite bed
belonring to the Idw "i ienes 4 1in portions of tne ." .xwnal an.
Natal the original tlllite has been remove 1, and here the Leea

res s unconformably on pre-Karroo for: it.ten.;.

T'ne upper limit of the Cora ueriea Is even :nor
difficult to define on 1lit)olo, leal | rounds. In thn > -roo
Trough, where sediment felon yto nor. or lesscontinuous f -ou h-
out Ecca and Lowem o -5 Leaufbrt ti'..us, the u, 1>ical o’lv

South Africa hrs taken the Lccn -DenuforU contact at the bare of

- tlie -
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the ii ’.'t purple siiale zone (Mo* ntz-in 1946, Ilau hton et 1. 1953) >

Tue first opp, re :e of p pi'shale ahrve the Zcca
Series does not nlvdr. ' *cur t t o xaot ti.-ruphlc position
over hundreds of uUc but 'e found within * zone of limited
thickness, ¥hia contact is ily reco 'nml od in t!. fi<Id and
can be t .'e.xd for a iistrc co of nearly rour hundred miles, from
Verlate 1 Hoof south of Buttierl nd to the Indian Ocean in the

* st.

North of Verlnten Kloof nd r.loliBl .he Ro" eveld
escarpnent, the first u:\le hale zone occurs -t pro, re .siely
hi; her str 'lTaphlc levels .xn: n yv therefor' , no linger ">

used cs a auarker. Rorerr, and Du foil (1903) mo: red the area

betweon Mat Jiesfon* npin and 'ilvini*® * . fook ’'he Hoca- u ot
contact ="'t £ hi - <f ve- thich, > lively I'd Hi,
yellow s* . tone, w’ ich’ oy were hie tr ee s ter n wh as
> e ekk 1 ; £f.1 Ko- 1in Ivi’.: B! «f ' . cte

4 The itrotirrnpi ic relrtionnhip between the ive

reddi Mi—yellow s .istone vised by Rop- rs an 1 Du 2o0it (1903) as
the contact wvnd the first zone of purple shale was ex mined
during the present study at a number of local iti = 1.1 the kittle
Hor *jveld, ~ ngquu Valley and in tne Vorl iten 1lloofe It was
found that over the gre ter pert of t! it trei the first pur 13
shale zone occurs t “*proxir *ely the Ytamo sir B 1 (rvphio

potiixtion it the mnnaive sandstone x*-tsd by Borers uvd Dc Tol %

Fastwards from Calvinla and ova” the remainder of the

basin the **ppor 7art of the hcoa .lorioo in composed ol shtil® nu

- the -
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the contact with the 'canfort 1is taken on litholorical ftro.ur'o
at the occurrence of 1h, first v/etl-defined bed of Beaufort

Sands tone. It should be realised at the out-ot that this con-
tact isce"tainly not tir.e-stratinrn hie n 1 that considerable

tranc -ression of reolo'lcnl time does o”cur.

Recognition of the eJcca-Beaufort contact in borehole
cores towards t.o. centre of the basin has | roved to be m even

more lifficu] < t' 3k,

I1 'wt n'.orofossils occur in both t . ccn nr. Low rmo™t
Beaufort, but it has not yet be n possible to fix the cont-.cv
accurately over the wh”le basin mainly because these fossil:, ere

fairly rare.

itt< ;tr hav> men r .if tofix the Bcca-3e -urort con-
tact atthe incoming: c¢” he firstfossi rer tilciit such as
112} | but i
eluded that these fossil: were toe r: re in the Lowermost Beaufort

Be Is to enable th« contnc tc e« ; eia-c a o.y,

fix the upi er and lower limit:- of the Been Series over the whole

appreciated that tl..J lower nn %X upper boundaries of the Seea ate
not ieochronoun s rf ces ml, t era*fore, strictly r.ger ;iiv"- ucul.’
not be tert ed n per’ee, it 1m» /ort’ e'$art recor: ended t'1I*

term be retained a, it in already no deei ly in 'ncd ir N

literature.

The Eccc. Jordon forms an outcrop be' - K' to 1lvr'miles

wide around the Karroo h .sin, except in the south-east w'-.orc it

- lies -
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li.es Ivlow t ie Indian Ocean. An isopacli map showing octal thick-
ness of ncca p] Jjpti Dv.—yvka Shale was construe tel using thick-
ness data fror b. «holes i:d m* aurei strutirraphlc sections

(’ee fol lor 1). The .,cce oeries End t e Up; er Dwyke 3.ale w»re

taken as one sedimentary unit because -

1. They are genetically related.

2. In ireas v ere tie 'Ahiie ndlMm so ' the two unit cnnot
e distil, sished from ¢ ¢ other.

J. Jt is difficult to rectgnis the White 2 nd in bore tole
jorc

Froa“fo. lor 1, it may be .utn t at u 2c" Jjlus Up: fr

«

northerly and wes erly dire -ion. 1i'le succession-lac tal* $

westwards and j.orth-w* tw s from tlo hat il ii v a:” A
the r. rth centrai portion ¢ of tho basin* *t""A an e * te
oval—shared ar*a where tie succession is less than 1« *ot

actual thicknesses nsed in the construction of the isop ich

are givun 1in appe. tices 19 uni ).

Du ToIt (19bG) recognised three differe.it facies

within the Great Karroo Baeir. Those ho -oferrel to as -
1. The Southern or Or* n ':cn Facicu.
2. The C'..itrffl or Blia Facies.

3 The Coal Measure Facion.
Their distribution was, lowover, never clearly defined by n:m.



On the hiiia ol 1liLholopy and paleocurrent directions

che hcca Series has here been subdivided into four distinct

facies. These are as follows -

1, The Southern hoca Facies.

0. The Western ecu Facies.
3. The Northern ..ecu facies.
4. The Central ...con Facie.,.

0 foldstone and .e!'amle constitute t .e dominant rock typos in the
fjrot .r.roe, wh.i .e the Central ,cctF c os 1 co*npcsod almost
'T ition of

th se 1% e? within te ir ‘oo Basin, It h :s ton yible c
litholo leal ,~rounds to  tut livi te thetrata conatitutino' thy
he .! .o'n Vestern - r* he ¢ ?e¢,:!'s i; to *hrro v 11

de 'i..ul “roups, bu* wue to th* 'i hole ically honoroneons nature
of th* Central hens Foci* s i has not ;» * eon po aih t s ib-

" v.Jle these is in* o .e: unit

Tn.iov.ell (in press) h 1pci* ted out tve dr wb cks *o
1 o cede of etrnt'graphic nomenclature nirrently used in Scuvh
AT ., a: ; bar <> :/eJ t! t the ;re O .1 Of t e In: T-
netlon"1 B .bcoamisrlon on Sir, ti -rnphic Nomencl ture he adopt et.
he waiter n-.rec., vjth these recomrendatiors in principle nl
throu,- out t™ida ch.tor an alter pt hne been =z ide to rvoid tho
use of clirvnhst/atlrrn hie terms in do i*rib’my the lithoctrati-

p;ruph;7 of the Frc* and Lov/ermont Beaufort Beds,

I4 in foil that to completely c"-v. ;e the procent

strati (3raph'.c nomenclature wc' 1d hi to destroy much of w ul hro

- already -
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aim rdy beenbuilt up, at a time when morethan h If the 2c ,a
and Lowermost Beaufort outcrop belts have onlybe.u manned tn &
.veconn; 'issnncc seal 3, erd less than a dozen boreholes 'eve

penetrate 1 the complete raceocs;;ion of those beds in the southern

half of the basin.

Use of the terns Lower, Middle and Upper .,cc ages
to define wvuri >uo LItho: tratii-ru] hie units within different
faci j of the 2cca Jeriea 1iirlios vh t t yso are all chrono-
stratiaraphic. Phis 7?1 cer40inly not the casv ani therelor .it

is r ;ested th t the Lower, Midie and 'per .con Jtripesw thin

t:a di ffomnt f.=sier ' pcl 1o o°'r, M' . and ; cr Lee
Vy HEE A ' ' *rat raphic :.t-aninr It 1
1
arc ; < " dilyused in : ,0d1r ir.— y, t .V r sret "ned her

to avoid confusion.

:o/iefiui ion, "a rcu; consists ftwoor : ire

forr.itions" .1 n forrc tio—- is "the furi mo *al unit roc':

not necessarily ,abular and is a ep*b] ¢ at the wvartl *s surface
or trier hie r. *ha subsurf co . (. ric r ilomri on on

2trat'i ?-hie lion'nclatvire 1 1.

It may hr arfpied thatcertain *ithostrat i r”phi 'L
withir th« 2cca should be ter r I formations rather then r-'ou, *
ao they av-¢ conpo 4d (01 a do:, ft#A100:1d1 litholor.V* An frpll 1
the Lower ILicca 2h ’e of the Nortliurn 2c-a Pad wo. however, 1 *
hac already beon shown Ly Kint" (IVtb) that t .lc unit is sub-
divisible into two diotj net formations in too vicinity of

Piotwrmari trbur' an it is felt th t more dcJ idled mspninc *- -

- reveal —
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reveal the prea< ice of two or more foru etionr, within thib
sequence over wide areor . Accoidin " to the American Canrais.. ion
on Strati rraphic liomenclature (1fGl) the term ;roup nxy be
applied to stratirr-'hie units "f. >t appear to be divisible
into format! - 3j but w '""h have not yet been ro iiv'.ded". 1Db we"
not v/itnin the score o' this study to recc nice ml define
every pc sible ¢ xppr.ble formation within the Seen Series and
Lower .or: beauto t Dedr , but r ither to -ain an understc-.ndinr

of the Mner Used strati rayry and then to consider whether a

.——css rrclansification of the present strr:igraphic nomenclatr

van 1in . ot ne niry it thi £ sta’e.

within a ro.ro . iy Jur -ify t .« reduction of ti.o r”cn.

in ¢ V orn Nat al it ray be a* impo. .ib" 9 to re”onnise re
than or.- formation within the Md. le a .roup tuad t-.erel ora
this unit should be referred to as the Middle Tcca Formation in

thin area,

Normally n f-roxm .nd a formation r.re prefixed by a

’

Formation, but it was cen idcrvd preferable at this @t a. ou

knowledge to retain the terms Lower, Middle and Dp;er until sue
time as the entire basin has toon mo ped inmore detail and

additional information exists regarding the detailed strniifr
Ir this rcspoct it should bo realised t.Vat the sir tl .a. ic
t omenclature and correlations wit.bin or-"to it 1- 1 - A

Gyaterns hat. become highly confusinr through tho uncontrol '-d

application of locality no ea to vsrlr.uB formal, ous with r

- pos itively -



rel tjvoly amall are ip. This hnn suriou. 1j hindored the
development of a unifirl - 1 acc.irate stratipraphic and paleo-
peographic framework for cortain ,>xtenoive sedimentary basins,

An outsbandini' example is the Permian System of the Colorad'

Plateau (Qaars 196«°).

The inportrnt point ic th t tnr term atape nuct be
drop: ed al replaced b; tiw tern prvupe on the strc -1, raphy
is moia fully understood :t is then recommended that the varlour

proupc bo rrefixe<. by appropriate locality names in order to

brine this terninolo into keep!nr with inueraationni u '*
c tr.ra z
Rocks b* O' "inr '' the touthern Ticca Faces outcrop

nlcn—-* ta.esouthern structural irrlns of the basin an 1l form ai
outcrop belt 10 to 1 tdleo wide, extc .iin, from Matjleefontein
in tle west to tte Inu < 0Oc <N n the east, a di tance 11 N
four hundred miles (see folder 5) ¢ Deep drilling' ly t * Sc tf
Cil LX) loratio.. Cor: eration in e d1r #rictr cf » 7 o Hb>

r

these rocks occur at depth below the Beaufort Serier to toe

in t a Tr n skei, there i;» a no-row outcrop bt 't of rocks Vv: ich

ar®@ 1 v d to form pijt of the Southern —occr. racif. *

Tne boundary of the Southern Seea Facies with tha of
the Central Hoca Facies to the north (lolder ia taken t ha-
estimated limit of the Sout,hern Kcca oajidotoLoa which vcdpc >1
in a northerly direction. The contact with the We/tern Eccn
FeeUs 1s gradational and a considerable -mount of oxcrlapp.L']:

and interfin®erinp; t; V> place.
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-his acies 1s confined to the Karroo Trough and
reavli”s a maxiuium thickness of about 10,600 feet in the axial
portionn north ol Grahamstown. The succession becomes pro-
gressively thinner towards the nar,'ins as well as in a f sal

westerly direction (see folders 1 and 2).

In the southern outcrop belt, this fecios m.y be sub-
divided on litholo -ical ;it)unds into the Lower, Ml Idle and

Uprer 'cca Groups.

1. - hower '-cGroup

This rroup c.f rocks rests conformably on the White

hand w) ich forms the t & of the Upt or Dwyka Ghalc i1 tl is area.

The group ray " Bfu- thr sub- .ivided into . Lowe" hr laceous
1
hVr ha .'--..K ,jt»;. in t: mw. , ’ olev.r . 1
of GrSkh:. stown, 1iu only about 100 feet thick. pro Terrive

1linninr of the Lower Argil lac » Formation towards the esst

nay lent Db expi —irerib. non-drpooltion of . mdatono inthe

upt Sr rtloli of th u a <rin the we.'. uld . » urc : mi*'
inc rerit;" 1 aa. Is., rwde on: ' towards the cart.

Locks o' the Upper ironncemis Formation 1 'My rve ly
and partly interfingcr with rocks of the Lower ;r'M 1 noeoue
Form'tion nd occur at pro-roarivoly lower atrrti -4 hie

horizons towards the east (1llau bton et al. 1966). North-west
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ol KawjieoIontein these sandstone beds wedre out comnlotely”
Alonfr -he oouv,hern outcrop !>elt uhe Lower :Jcca Group Increases

in thickjioss from west to east as shown in table 2*

Y\hLE 2
hi h: : o? Ii < . CA grotl
I 13 avo "ire
ocality £TTii'— S Me a Ur~
Dwyka River - dtrydonsvlci + 1, v fa t 52
otry. or svlei - :cr kraal ¢ 2,r ~ fe. t 5

Volstruisleertfl - \lipplant + —

North-we. t of Wolwef tein
Station + 2,200 fe-.t 1C

North of 1lr iharsuown , -
* Inf rr.ation auj *lled by 1l. Johnson of the
4 ton et ai.

".Jre Luwer Ar"illr ceous Formation is composed cf a
b sa' success! m of »re«nisi.--re. si. 'e. r yt oic iVy Inter-
bed led with be 1Ir of yollow 111it ic clay and stron ly resemblm
tbj 1 -1z jz u it itely below the White ?aad. i1 r ' ckfch.e"* o
si —les occur near the base and display aharu conta ts with

assoclated k< : r.f 11litie cl y. TIhcsphat Ic nodules ccur n

beds # ’

bedb cade upwards into i succession corposed <f blu.i; 1+ recs
indurated aha le, which c¢ i exposure 1IIsinto, r t.es 1.iff®o n. .sec c
elor 'ate fro/.ments, r . ained bluish- r \/ so wv:stone#

These smd stone beds display siurn contacts with the under!yin’

- shales -



fihales and usually i”“rado upwards into shale. Lateral continuity
of "beddin- ic well developed and these sandstone3 maintain an

even thickness over considerable distances.

Sole cunts, :m led bedding and asymmetrical ripple
narks occur 1in the Lower nrgill iceous Formation. Fossil plant

ir'-ii-menvs and invertebrate trail:, and tracks are f eirly cr”z-on.

Hoc.i.s o. the ©pper Arenaceous Formation partly :verlie
und p: 11.ly interd inger with rocks of t e lower Argillaceous

rormivion and occur at pro -resslvely lower strati *raphic Lorizo’jr

)
cor etc i, and often r-'ser* lea :.art to. Sh -le pe ' .e con-
glomerate 1 iso?, tol fr *r nt of ?e o cur locally, fhale

-m Int * n o B ii-orc, , v -y 1in urate = .1

sharp contacts with the undorlyi * shales an: Tide upw.rds

int t To. lateral ¢ a*Inuity of beddlnr 1 well dev 1loped

>'.i ever. ah', -.knersee are .. a I vc~ eons: i-r«.Me ist S.

dole cu-.tfl, r*Pplr :arhs, ,ra o 'eh In , 1lu .r

volute r.inations a A aan let >ne dykes re the most ahun :u t
pr'.m ry sedimentary :truoturer. rhi 'i'. . tructu-' a: more
abuiidfrnt in the central and eastern portions of ' o basin

indicating that much of t’e oedir.eut in thi S area was df os4dtod

ailicified wood have boon found it a number of localities

(Han ;>iton vt al 195)).

- Recently -



Recently completed iJCRKOR bor -holes 49, 61, 62 und 63
(see 10lder 1) have shovn that the Lower “cca Group lb composed
almost entirely of shale north of th southern outcrop belt,
xHviiciti tar t a ilaci eo chenre has aen place from south to

norta and t irt the novuco of the aedlmf-nts Ity to the south,

x16 "1 -bund ace o sandstone in the accession to the
e - astr> 1 t upli ft and subsidence of source nd d"posit-
ional are s wis probably more active in thi roa.

Due t< the red it on of Low r .icca 3 ndstone into

e tie towards t! 3 no: ¢ it becomes very difficult to determine

’

thoref v , .:cm-1lie thi ikr.er.' t m sure* .ts .r virtually im-
t e*'aible ( a fcl ler 1),

Gae 1 exposures of what may ti.o equiva:eeat c
Lower deca J: ;u) occur as cliffs nlo the VI1. Uo :t at t'car
a id al r .it.ij, Co. fa .ay nd L.ole ir tlo . 11 ,
t ose are a © Lee 1 cor anni of ' rk- rey Inc- r ined

J . ..ale ¢ at:,, £ enl«- cross-be :.r.”, s'rmy

structural, lea 1l :tr eturv. i r«\ 1 avie f>:pc, ures of r
. ne y C . 111. < r. ii. tl. vie ror..s, ‘tort.' of e
in a northerly 4 root! on inlicatiny nouti rrly so;vce for

these sediments,

2. ma2h illo hoca Group

Th Middle Ucca Group composed my inly of a thle’c

succession of bluliih-blrtck r’ale rostiny conformably on and
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locally interiingeriiif: with rocks of the LowerEcca Group (see
fo.id.er 4), Those sediments norm tlly ,-ive riseto aflat-lying;
belt oi ’'cuntry between parallel ranges of hills formed by the
more resistant, sandstones of the Lower and Upper Ecca Groups«
Sandstone zones occur at varying positions in the succession

and becen.o rarticul trly abundant near the top to the east of
Klinplaat. The up* er contact of this Broup 1is taken at the b so
of the first prominent sandstone zcne, hove which the succes ion

becomes ] redominantly arenaceous.

iable 5 stows that the rroup thickens in an easterly

direction. Johnson (personal cormunication) reports an average
ti 4 'ic< 'of ,vO< feet for the aTea north of r town
Kin. :iton r* n" 1~1, - =-re; 7, f tt t erer 1N f.

a< .e area.

I 1. believe th t the deer a..o in thickness lket* aen
i 1l the a**a n . £ h* .. .tow:, ir ruba ly only
ip* rent md is due to the deposition of U er 'cor E. Is: one

a red itively lover str'vi r ¢ ¢ level in thi iroa,

TnBLE 3
Tr: K= ( 1i wv: .:hi uRCUP
Average Ta.xdrrx\

cr) Hilty t).i'=> uTiTs tvi'% “s
Vest orn lnrtion ./ VK fact ,
Hops .ivcr > 1," >0 feet
xngora 4 t¥00 feet
Hort>: of Grab; mstown 7,00C fret '/ <30 feet

t Haujhtcn ct nl (1953).

* Johnson (pcrnonnl communication)

- Riprlo -
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itipple marks with lar”e wave lengths relative to their
amplitude occur throughout this croup, and I'c.u-hton et al (1953)
report the presence o' cilielfled wood and indeterminate plant
fragments near the top. Invertebrate tracks and trails are
fairly common, ul the most in‘ereotin>: feature 1is a series of
paraxlei, rerularly sinuou. scratch narkin o first described by
..auchton (1" h>) and thourht by him to have beer caused by the
ventral fins of f *c,hes (see fig. 50'. trail r markin '"c w«re
observed in blulrh-grey ah les -t Five Kin- >bridge on the

Snsh3d River 1in the r —ei.

Rue to co™i'eiation difficulties outlined above it ws
m* pom "bl<- to c.“ JInc thicluionr-eG of this group in bore-

holes north of the 0''>crc- belt.

h.c U - 1 -a vimur

Rocks const tutin th U> «r h ?\ 3roup rest con-

fcrmablj or m. 1 interfin or 1 c illy with the Middle Icca droup

be is is not well b voloped.

Tno sandstones ire usually mo*t1l-d and cor.t in dark
in the lower portion of thesuccession at.*on ly rose.hies ' at
of the Lower been Group butcan always bo identified by the
abund. ico of riptlo marks # In fact it is wuuu illy posui rle to
find ripple marks aalmost every outcrop of this s ado. Larg
realj planar croso-brId ng, scour chnnols, slump structures»

shale pebble conglomcra and parting llneatlons, arc common,

- Medium -
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Vedixlfl-scale planar css-bcddln.',scour ch-miels and parting

lineations, are distinctive of tnio unit.

Table 4 illustrates that the chanre in thickness of
the group from wort to east, alonr the outcrop belt, is variable,
but that a tenoral thickenin’ in n easterly direction takes

place.

T.TL .4
T i 'km.jo op urr :n occa ghout
locality iver''re thickr*-

Dwyka River 1,9 feet
Ganka River s

Prince Albert 1,280 i Yt
Zwart Kraal 3

As Kop 1,490 fe*t
Hcrth of Miller .t tion ,6 0 f»et

Couth of Caxony
South of Jansenvllie 2, (00 feet

Nortl of GrahanuBtovm 100 fo< £

+ Haaghton et ol (195))

* Johnson (personal communication)

A thickness of 2,620 feet for the Upper Hoca Group in
tne .lar.bokkraal bon ole (nee borehole raviher 4", folder 1
compered to 1,r*5C feet et th™ Dwykn Rlv”r in the outcrop 1 !
the south suggests that the group thickens northwards in thin
area* However, deep drillinr* north of the outcrop belt cEenriy
indicates that the sandstones of the Upper Coca Group, ra was
the case in the prece d - two gioupo, wedge out in a norther.->

direction from the axis of the Karroo rough,

- Gandotones -
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Sandstones of this group extend further north than any
of the proceeding sandstones, and indicate a northward advance
of the depositionnl trough, or rapid uplift of the source area,
or a combination of the two (see folder i), PLe upper contact

of this group, as already stated, Is taken at the base of the

first purple shale zone,

Rocks constituting the destern deca h-cles outcrop
along a *1t five to twenty miles wide, -tween Matjiesfontein

in the south and Calvinia 1in the north (see folder . and 3).

I+ tie r.athen: ] et of ti e outcro Dbelt, f e beds are

somew it fol led i 1 vo e ot-werv tril , but far- r north
the .:f.’Vie ch n.-)s t : or loo norLh-. ruth, anit e Vis
Vi

The Rorgewld near* \'t, which 1 ¢ p ed by beds
bnIon ' *) t » en f<:#* dor loo,c o;e n out t.r. ng
phvcio *raj hrlcal feature and in pi -ceu r' es over ,000 foot
above the pi ins to the west. The escarp nt is more s arply
define I north of the K ngqun i<iver, a fo ture which Ro era and
Du Toit (Ihf 3) believe to be due to the protective effects of
the dolerite sills in this area. 3 -uth of this liver, an 1 '-oyor
the extent of the loleriter, the escarp lent becomes deeply
dissected by theTanqun, Ongoluks, 1root and limits Winkel riven ,

resulting in the highly dissected country forming tho 1l.oeioces-

berg and Little Ro ovoid mountains.
On the farm hiip Drift twenty miles south-west of

- Sutherland -



Suthcru .x,.J, th— thickne;;3 of thin f ;oios 1is revvrtlc'l by the
deep borehole about t , 00 feet (nee borehole i¥. GO, folder
1). The ficiea thine ovt 1' itOy rapidly towards the north and
west from this locality, but thickens in measterly direction

alon the ixis of the arroo Trough (wee folders 1 and 2)

This facies c.ay b« subdivided cn litholo leal sounds
into the Loser, alie ad f;per hoc ir ,p. . Duo to a fairly
rapid i ie. chana from . stone 1into o ale to., rda the no. th-

east and cart, 1' becr w0 increnainrly difficult to rcco —ni .o

these three groups a nv proceeds north .urU aion ; the Rogre-
veld e ;c ir -t.

The u 1 rn ur.ary this facios witi thit of '
cuther? hocr in tr .xr* cn f. (fOl1 : r ), and It ir c¢ vy by th**
careful com-sderation of r**) ' wvu st- ti-r ihie po ions eif
s.indator &K r: tion", "rnxu* 'id oocur cut 1 rcutio...
*%> .t a Ustinction may b ©i>. “t. estimated bound YWy with wva»
lentnil Bcc wvac ,» to t nrt ind nori - t 1. t an "h :e

gpr.datenes of thic faci =1 are predicted to wedre ou >,

L. / ;;0 @ ecujrouo

Between T r.-uburr md '.'atjieofontein, 1.- Upper

Arerr ceoua Port.ation o ' the Southem See i1 ?uciua Leconna- thia'ur
ix west* rly direction¥* Bt e s.uae tirv ‘e Lower r 1?lac-
eoua : ation co re :'zely thi r* About twoivc
miles nor th- uat of &."ion ontoin, md donj the wvii'.oy ol *ne
GiooL River, the p;.er ,\rcn iCeous Po M .lion is only a;prose it d
by a few thin ior?: of finc—"rain*. oan lstom and il tr tone*
Still farther to the we. t, the Lower ibcca is composed almost

entirely of .hulo.



At first si ht it v.ould rip-mir tl; it the Upper
Arenaceous sat...stones oere derived from i source lyinj to tM
east or south-east and that they -rade pro 'rernivoly into
shales t .ards 1lhe *t tni north-vest. o.vev- r, palcocti'-r.hl
measurements in Y“hi * area have hovs that the sandstones r the
Upper Wen; < U- s.itKn were lerived -ini. fro;., 1 southerly
source and tha* the ...lerlyir. » tnd overly in/ predominantly
ryillftceoui sedim-'.-.t <%t iinl; lerived fron. a souice lyin¥*
to the west ird souti.-v, It iu therefor ©pos itle on the

.sis o i il os .r o ! . . K Ir. ais’i th< 1prr

Arenaceous For ition r: t:B -0il :rn Leet Facles from the Ilevar

fontein he exact . aunt of cvtrl ipr* i vs. ii terfin -rir”® of
eh ;les o lot. 1 .« t Te> v.m 1is ty ' fully u: retool,
but Kt 1 1 p.aieocurr- t . ILio .a& throw "ore 1i, at on this
robV

The alocesnion i» te< t-ly above t 4hi'~* uii  a
composei of nurd blul -black a loo interbedded with thin oels
of oofter Dblai .;a-h ;ck - often weat-.erin - to i
are #huniant in thin 1 r. thin beds of lime 'tone nlsc
occur. Both t.ic 1, tone he ;1 0 c ¢ re a:h a. luleo
ezh'bit well hvelop”i -in-cone .truotureo, ,;ood e: -pi .

of which can be seen o.: ;ov ¢ nte a cn f“ift, about tui'’'./ t

miles v/eot of Sutherland, doera ind Du Voit (3 ) found

fossilized leaves a.id /.00l int ei.e bedo.

The -



The trn.ncr L 1j thoXo. ic il ch iraoier of the rocko
constituting: t'ut' xrouj re.n-iins wore or less unchanged fror.
the villey of the 2root diver in the iouth to beyond Culvinia
in the north. The outcrop b It formed by hi roup 1is us-"'.11/
represented oy . broad plain in tlz .vest, but fa:—:.; the 105 r

fx.ink3 o. ;oye o ti.MWhi :>r eovnt tins in I' < east, such as

Lo-er Ecca Je 1in t viciniV of Cohoor jteenberr about o-/hi
13. t

chan, e, th- over Lyin e . tloa llone 1 of the Middle -oca «r:u,

*rade r .pi into . ,C oh tie tov trds th< eiet md

gical rot s to coo .iso U.* bound ry between these c¢no groupt

to-.var h* t.. 1,

Roc of thin -rou, r t corf r.;.bl.y on and in'er-
fir. «r lc. illy wvi. .euiei « £ ¢ Lo er cca dv ,. A
err, o *. of ; ..1 1tUi: - Toy >e 1 S0;*), /!' totore, fino-

/r lined thii Ly—leide 1 van « on* utd thick ir.ass*vt -bt " *ed

ea Istone.

dd« »a:r live t Jo ton* are u ml > 11 ht- rc.y, Ve *%-
grained and reach maximum thic/"“essea o' 1lev to <C. 1K % 17
the flank:- of ihe oe loe. berp: and finally grade into caaie to-
wards the north—-eat . Vertical jointin; i4 v ¥V "L*1 uw

in these a .ndstones aml lar x rectar'ul-v Moo.- ol ten

- the -
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the ha.llslo 'es, bi’lov: cliffs composed of this rock (see fj3. 3).
Good exposures of massive w 1Istone iloo occur alony, the souther:
flanks of the 1II; tic j;o. :ev Id nountains a*. 'may Dbe traced east-
wards to D"ars-in-J '1- > , Dboat twelve mil'-u north of I'atjies-
fontein. Farther ctrt tn sa .lrtones of thi 'roup gradually

wed ;e out and rade into s! ale, ro that ultimately it is only

possible on tl!a basic of o leocuvrent 1liroctions to distin uish

rocks of tn: s ouj from t1o o of the L1'i idle Ecca Group of the

Southern i ici' d.

Varioi; tyres of ri 1 irks are tbun mt in the

of the outor'r b It interf re ce rip-lc ar .3 re fairly at iar.&
ard *ool ex a pies wore four.: n t B far n Sant nsfontein erf

in the outhcrn part of t . area is the tendency icr sucre J..v

8trl:.*j of rip 1 a in e- 1iin b da tend »» e it appreciable

an. 'lea to c'tch ovher, vpro or in .t tirectiona KXir.p ap>> ox-
tely north*

of a dapositional environment wherein the current directions

fi-etuated .th ¢ n ;den 1 fre . -—ncye*

Durin : *he pr sent ot .ty fossilise ood was found in
thee bela a. the fir Vo jeisir liwforitein# about twelve mil- R
nortbw t of jiesfontein art v.orn tr ills and 1ir ie :s ate
abunda: t, as for ex vi;lc it outcroj: in the .m ,;a a Mv 1
farm ,atei ,si, Royers .and Du Jolt (1 iC5) rr ;» ft u Vv

of India inct plant roni.aino in these beds,
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Sediuunt.'s of the Upper Ecoa Group rest conformably on,
and Interfin. jer locally with, rocks of the "iddl e« Hoca Gr -p.
This ui.it is romper 4 of VWtrd rey shale, thinly-bedded sand-

stone nni .Lit: tone .u; thieh -t ively-bed ied sandstone. The

S .. Istone is usually fine- van d, rey and ottlod. Various
t; es o! ripple . V. s w a uni nt in thi. 'otip, particularly
in the thinly-b* ed islon* ni .ill.-tone.

Good exposures of this roup nay be seen in the

Kovdoe: r , sde”c iv a istones for lofty cliffs cap] 1

These @a b5ive sauis ton r /ride into ¢ ;inly-brdled t andr tones

a? 1 si. vies tovards t e . M no tlv—e tst, .; they u ) follow .
fror. the Xoe .oesber into the . Ja voLllley, 1 then northwards
alon., the He, eeveld escarp: :;t. 1* ui= / i1l thr ssndstono

o this roup .ro.ee into -h Jde xr i it this ioirt the ecv k

i:ay be se* n in th Ha - 'ortli o' *B town c ilvini a#
Pood ov tTops of this eroup 1luo occur alon ' the ru.* :ed south—
£f10 n- alop s of t Little Ko.; eeveld viouni iino, where it is
possible 0 see nu esi <& In of su utone V. ir.nin* ouf toward)
becomes r< ar illuc ouu, FOs4 +«ir to thr (tst beds oi tlids
groun are tnou < t to intorfinger rith those of the sp"''’hear

Iroup of t , .. uthorn her i Facies.

Local di confer itios, oontc .iporaieoua ero ion

dritns.eJs, oh ilepehbl con lomcr itea, partin % lincationo and

- completion -



compaction structures occur i.\ these bi-do. Rogers and Du Toit
(1905) record 'wuie presence oi : i1 u.o trrj., @ o %;opscris,
Schli”oncura and :h.y ol -'ci. In 1'ltion, trails and tracks
are fairly common.
E. r:iE ,\cr: /lcct , - IH

Rooks of this faci< . xre confi; to th— northern

>t of the hasin a;.J for: an out crop belt ten to a hundred

niles wide. Phi. be. t xtcrlo fr north o' dlo efontein in
the west to .itbai/ in *hv north n I thensouthwards .a far a
the Umt i,::vura Klver, - tot 1 ou c.op len thof on 00 :ilea
(see .>1 Iy o ). h- ita" 'or.oli.. a- 1ilited

faultin,' his caused iveke »Ion in; to “hi -fa lea to occur at

various localities alon e ! ¥~ ' co-.st .swell as n -r‘*hv.urd'

The utirc v.er,t* *n art of the outcrop belt forms a
fe turelei pi in, t e >to: / of whicu i Bcr.ly tiOf.en

shallow & &re: .ions ino is ar.r, md J-X"villeys tor oc for

the 1. joe rivers, alonhid. outcrops 'rC occ ;ion nljen-
countered. Th o or. h. lrelief oh tVieoutcrop bel*, in tie
nort and east, varies fro nt iy undulatintc "IOur.t -uc .. ,

exposures 1ire cod.

The estimated boundary of this facies -ith that of
the Centr -1 Eoca PaOieo i: ta'en it tie southernmost ?ILnit it
which e indotoue occurs, This iicies is thou ht to have r Jn
a maximum thickness of about4,000 feet inthe Natii W1 >

from 'here it thins out in i northerly v«d noid a-wc:, vo. .*

dice' hior
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direcd4.on (see folders 1 and 2). This feature may be partly
explained by the lappin out of individual bods against a
broad topographically hi“h-lying area on the pre-Karroo surface
and partly by the thinnin, c¢f individual beds. A nuioter of
large strati « iphic di”com'ormi’.ies are known to occur in this

area.

Looked at ii iv-rion 1 ter s, sandstones within this
facies 1ire o<'irnrx—rrain”d, tt ic .er md more numerous towards
the north-east* in which dir ction is thou ht to have lain the
source. In "Hi* ion, cae n .to: on ore co-xrser-grained,
relatively better aorted a. i less iniur ted t an sandstones in
the Southern ml tertern ice . 1ic.es, n 11’ .olo -ical grounds
an1l "'.nr ;cc. Croupe, Th- Lc -r and Upper ricea *roups are
compose! mainly of shale .bile the Middle Eoca 1s composed cf

san i"tone, -rit, con lomeraV , chile =ri coil seams.

far more is known about the stratigraphy of this
facies, for it is in these rooks that th# economically import mt

coal dr x :tv < :;r.

1, Th- Lo- ‘r ..ccx Jroup

In southern Natal this roup 1is composed entirely ct

occurs as a regular b It six to ten .lies wide extending north-
wards from the Umt.u:vuna River, where the Middle Ecca S.itidstones
of the Northern facies make their first appearance. The time-
strati .-aphic equivalents of this croup are undoubtedly re-

P eranted in the Central Ecca Facies, but to date it has not

- been -
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been possible to recognise the upper boundary of this unit in
the field. Kimj (194 0 found that in the vicinity of Pieter-
maritzburg it was possible to aub-diviie this group into an

800 foot thick "Lower Zone", composed of a monotonous succession
of shale and fla-stone, and 1 300 feet thick "Upper Zone"
composed of micaceous clayey shale. Durin., the present study,
it was possible to + ice the "Up,or Zone" more or less contin-
uously along the main outcrop belt between Ireytown and the
Umtamvuna River. Throughout northern Nat -1 this group is com-—
posed entirely of bluish-black u. .<, a-d north of tke Natil
border these rocks outcrop alon the base of a belt of highly
dissected country const! tutIn.- the Eutern Iscarpment. Outcrops
have been found <id far r e .aalbou River, latitude 26°/41.
North of this point noli ntury overlap t S pi ice ard the
yidile Ecc.t coins to rest d meetly on either the pre-Karroo
surface or the wvka .illitu (see 'Older ;)» In the vicini ty
of the sse/ .ii a . faaibos rivers, only i olated occurrences
of tuese recks are found rejtin * uncinformably on Raae; ent
granite and rocce of t v uwaziland dyotem. These occurrences
apparently represent localized pre-Karroo depressions wherein
shales of 'uin group were deposited# The Lower Scca Stifle of
the eouth-eaatern Transvaal 1is slightly different in ipea: unce
to the typical blui h-black variety iound in Natal, in tnat it
weathers to n brown or huff colour ind is more arenac ouo ht.ii

the top.

Drilling has revealed that rocku of this group oxt-nd
westwards from the outcrop bolt, but cdro out against the pie

Karroo surface at about longitude 28° whore they are overlapped

_by_
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by rocks of the Miudle fcca iroup. In the western part of the
basin, between Brandfort and the Oran e Free State Goldficlds
shale closely reoemblin: that of the Lower Kcca i- found lying

between Dwyka Tillite and topical Middle ncca Sandstone. It in

uncertain whether this shale is -

1, The fine-grained facies equivalent of the Middle Lcca Grou
2, Theti.ie-. ti iti rnvhic equivalent of the Upper Dv/yka . ale.

3# The time- Eco 1 Shale
of northern Natal.

4, Acombii. ttion of these .ossil .liti'-s.

Lower cca f.ale ontcro: a at a nur.ber oflocalities

t Port *
Scottbur -h, rat at iit. i in a r.oro or Jescontinuous belt from
the Umgeni Rivcr inV nth to the T cla .Ivor in the north.

In the :eor.o Belt of wazil .nd, outcrops of typical
Lower f,oca '..lle ire tni’nly found in the south (Scoinrs 1 -+ )
and none hive beet* reported north of the w t ’'stt 1 River. =t
is, therefore, po .iblc t .,t north of tola arei sedimentary
overlap tales place an ; the Vid lie Feea Group comes to rett
unconformah ly on pro—Karroo for:, ations or ii con.or * 1> °nti<?
Dwyka Fillite. ©Unfort mutely, the prec: e relationship is

complicate i by fault in,-.

Over moat of southern ait 1, ti< Lower hea* Shale
rests directly on typical)y massive Dwykn Pillitc or t.ratiti d
fluvio—-f"Luciul sediments with a s. irp contact. In this respect,
it is of importance to note that the U >er Vwykb fl.ale icu.id in

the Karroo Trough i« upr mostly not represented. The contact



io ev'> w.'-.cre an even md reyular surfr.ce -ivlng the inpresoion
of continuous sedimentation. Du Toit (1920) regards the apparen
a’sence of the Upper Dvvyka d! ale as evidence of a hiatus, which
becomes ore apparent farther north, Kri e (1932) found

expouu —-es o ' at he considore 1 to bo Lower cca shale resting
uncors'or f ly on Dwyka 1YHite and fable fountain Loadstone nine
miles nt ‘th-west of far! th. On the other hand Kent (193) found
that t !lav oy; cial seainK ats at the top of the Dwyka ferica,
25 miles northc. I*\ in, rile imperceptil ly intotypical

Lower sc . ¢ ialc.

>ushout northern Natal the Lower Ecca 3hale rests

& -Karroo

cc nti. ;£ t¥lfort of th ¢ Escarpment, between theNatal Lor.er

> x-cve,4it Dv.yr.a fillite is tbsent and the Lower Ecca
C

east, 1 iloi , the 5whz land-" ransvaal bord r, the tillite

v Jdr. i 4 e, bidtwe« n * e Lo er *cca nd ‘he pre-karroo

'lko . In view of the evidence of -a hi tun between t e Dw,. a

\

which t'eunstrati fiel ylacial a iterial Mts eroded in too tire
interv 1 ..ich foilowe . retre t of the /JIvolution and reoefded

deposit, on o thi Lo -r era vie.

Throughout t o entire extent of I ¢ Lower ILmra Grou. ,
its ut.p contact with tv '/iddlc EccaGroup Is grvl vtional a A
is usually 1i .on at the base of the first prominent nndatouo

hove ch t're succession becomes prodo linanMy are: vceous.
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In southern Nat 1 this roup thins in a northerly

dir* o );i to inUs ited by thn folio in : thicknesses -

F ir -inf 1,400 feet
Piotor.iritzbur#: 1,100 foot
Greytown 1.000 foot
ra eli V .lley 00 feet

In t.e vicinity of Durban the ;roup reaches a
tl Ickm vs oivtA-een 1,5 M I, »C feet (Kri e 1032, Kent 103 )
d it OF ;S t.e tot 1 t icness is 1,100 feet (Du Tcit 1910).
This in six= t it. aed .'Iet iccumul itiontoo:: ;,lice in

th.e L elirot h,

orth £ t e T el i Riv* r this rou vV r: s oor.lier—

i lyin dic s , u* t re i.c*ner d. t.inn.n to t.enorth.
In tivie ini ty of t e at 1-Tr v etl borer it aver t es 150
feet > cones . o re - iv ly thin er towards ti:e xs e 1ii

vor, la sou

:3 . rr . K1ly 2 f et ( coiny 1,-52)#

™ r* ) rcrrl *r re pace of indistinct cal
iir iora 1 . the vicinity of 1 ter ar ltzbur.-but  icrofossils
:rf af rIly rare in thi. , roup. Du Toit (1931) found a uni yue
occu*'c .ce of carbonaoeou a 1leaintprbedd®d with thin coal

1 ori, I:=eliatf ly above the Dw.vka Til lite south-east of

.enter of .
2. T '1i:Ic L.cci Group

Roc.s of the Middle Feea Group are known to outcrop a

a continuous b-It between the Uinta vuna and fuyela rivers.



o Ini.;, t p rou' R nu' to cover 1 *t .re a of northern

G
2ov'; g .ted la a i ,i. ee*i t ;ti occur 'it trioua pointa
-101"' t i wv. . or .pi t o t he -tone ;nd

. * -* r Vi 1 :0C 2 Af this
nx.r 'v.e Jc ¥ nt -rd ex+»n-i
v o Yo ' . N N e -I> 1is
o. v ro. vE L e! io t' ppn icen'r 1
Or n p irt* .t te iril 4 ; indie ted th t r-eke of this
o .. *it:on m Xir.A ¢ ;rodr
r .of t i ole .o :ir in ncrt ern f 1,
wt re 1t occurs i e o # r:r.in ntly co r e d st.es
rlria. i * ey ¥ r . : o.cCu r,rr 1 r cce 1i-o\ 8,
mi. o - C
e.inij o - Vv . tn 1 -cc. uili <1™n* ,
eirv.cnao ' x , o 1 .. o . ;on ; n doe fo—
11 ' k ~u1 t r 4 ) o ! rtA' ri\A re a in
trr fi'Init r e ! "'rre- & re 1'"to r—"o0 < v
r £>: . 11 .ole 1-0l un to ithin t i rul -
m-LU ot ! rn
U’ 'or rz .llion IV iI:
4. U; r i is*jit t 55C
% Co 1 . 720
.t ttones nC

i. Jo. PI- ; :n.:ition H lo 350



In thi: atr.t.y, ther.e .t r n:r\es arc retained with
minor 11'LE toi. oul ire ten ¢i formitIona in or i"r to denote
tleir ill; o. !.e!:. d S VX ily « formation is
'ivon : loo ill tv 1 ¢ - in e.ie cace it i. considered ;re-
ier ibIf to vt tlin *» 0l no<.s as toese ire already in general

use.
Tls ..c., Al /Ikn on » HEon

*hio form ition noteconformablyon the Lower Lcca

thicker tri re r a., lint nr r the top ant sometires contain

or /a- i .:*

Ha aoal tor.— ; , L

—;vrr .ir, "’ B <f northern dtal thij formation is

mint-nt cliff’s t . "< t confon ibi; on the V per ransition

jor: ition,

Th> thirVr.N i varies from °50 to 50 f£ >t and ood
expo.sureo o ur ir ea Vr./hc1 I I, tr. “t. Crona-brdclin#: is n

comr.oca ftllitur -
The Coal Kof':atior

Bli nmt md Furter (1 MO) defined the Coal Zone as

- "the -



11,110 xein -4dkie8 of .Htleu ind s tndstones occurring

**wc'm1 11 lowcdl L co 1l sar:, .;ituafct 1 near the top of the basal

ocan.ititon. 8, ni it > e t. . cent timed inmo.it instancej
in il | r 1ini toe.-i However» in this study
tile Co 1 “oif lion 1 i '@lc—! ut th ¢ co ;1 be trin B strata

be tween the . N *t ton 'orrvttion and the base

of the Up. -r a .h tone Formation.

Re t ons *">r kin this change are -

le of B P r :or ttions are easily
1o e Y 1 - fH i, -nd t- &kefore the
w r "1 .0 r 11 :» of Winterv ninbeds are
ar,<-tic illy ie treated.

'e  JO. e i ir 'or ei» i with
tl al a ' rn da*r o *« very local in their
<'- t . B re * foroo; strati, r .phic

3. . i. " v, r'. = Vr r ations

i  in it ion.

in.: 3 n on 1 n the Basal indetone formation
the ' :c 2 . .1 -r ‘e, of fluvi .1
oil. i.d, i wu .a *, ec no 1 ally i: portant >1
sea oc "ir tv X /* r i1oal Hi. la:. ' o: 10 to 1 1feet, and ir
ntcer nr - > -r » « N n, BB, lu. an; Xll!redae » 8.

ihe :eijaente u X1 < 1 withthe cotl net a ar coarsee.tnd-
etones u i cig>us h  lea, linear cr< sr.-beddin, iu very well

develop" i in t - % lion of th.i. foi'rr lion.
The Ui nor miaton" .'a e«

This formation 1s : iInly composed of about feet

of white Ji"intone for iir - r.-ouincut, cliffs it many points along

- the -



t'f e '’'rihx-ce 1" wlana *im orcur.j locally in the basal

poi't1on o* t,il. llatone, an1 at ti« top ti ere is an oil shale

<)\ v ~ "1 B le. fa .ut alriidly O r wide areas. The

cont iot wi1 it!.. p. = .r ;.sition eon ation i. gradational,

\ iriouf twv"0-Joi \rou, oro. B! . 11in, are a undant in these
sandstones.
Ui.L:- . .1ioi ' ¢ Hjon

Lyinf e-n.'o:- il lwv above tin; Up er .'atidstone ror:.ation

is itout ! .art < it. iv. itin » sa dstones v.d .r.al* s which r tie

pcuuvi. ire founi alct *av hi; i1ly dissected and mountainous

ec.ir. *H: a:mt.'1.n \ is ¢ On:" nt, =riior'In,  too
ea ‘i e of <» fa- w11 Jj1 teay, Irli-nof 'ii;l .cca
nr found bolov t' 5% Xt '.dld at | number of localities
a. t " tt tu, o. »ci illy mre )a r tributaries of the Vvaa!'
I.

r-afoa-t, K .11 it.out ten 11 ( 3 e. t of .oik. -
M.st, ot , r 1 =ui< to.' t'M Knaryment, <ch »S
Haf<;. r—- </ o , . f a1 ttin and round the town of
'satkerI . rt of t- aori .«wm erosion 1lii it of the Karroo

o in tr.re nr a number of Id tohed outliers of '.iddle cca,

for -x1 la= ,round >llaat, ind north of 11 idelbury ind ?ronk-
horut;ijfruit.
Due to t ie well exposed nature of the diddle Loca

- Group -
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0A" ['"' (13 " Jreportu th it t-.e lower portion of the
' ~ notdeorited over lar e areas of the
! r St ale, In some places theentire
'
/e r m " rf' of t1 pre—Karroo landsurface
1,1 1' 3s ;i reason for the non-deposition of certain
portion. - th le

B %~ 1ilin : outcrops of } Lddle Ecca are more abundant

in ttie ee"—utu a: ! ire no illy ound in streams, road and railway
Jx * "+ YWrecr (1 ) in t . ., .cld are t, ire also cle trl"
are -
1* " c ur ir *ec Coal or ti n.
. ' ir ly r. r- r in ;
i " V. I
Se ".r U': t than

el, v.re.

i76 | tion.' c, idrod by 1li naut and -'urter
(1 YY) dr K e til, t dxu la ovt r .ide areas of the
o V r o v 1 1 I i, tv at« 'la irLy r, comisod
in th l ii ett 1 ¢ n try diround e h. -La Valley and
mrt Tt a
Vot -J 1ino —>oi vill-iys the "Lddle Ecca Group

ocntititut 1 r fIet—tot M ‘mount line, on the f] inks of ./hioh

- are -






C WP,A3t"c ""io! e* or O? Iffs O'-mposei! of Middle 3oca

are V und ,t.

b<~o ' - 8a idstoue 1 about 400 feet of e >ft

micaceous sondy a .,le followed by the massive medium to co -rse-

rrvL' e o stone "r ation", 1'0O feet t ic a:.a contain-

ri< e iv: 0 s 5 1le and aiv* ceous rmdstone with thin sandstone

e<t 1 t/ e jvcce—aii; in tie "v Lrd 3. Istone Porw-

fin al: J "OC feet ick M1 conl iini . ibund.v it pi mar

Cro r— < : J

his fo e..ation B foil uved by ') feet of irr aceous
! - X, f W* .dotone. sl on t! ooe i-odimeuts is
c ''1,; > eor;. tion" composed o' 2 0 fee. of medium
to Jo. ,o~ reined fe sr othlc aandstone end subordln iti- s ale,/
I-yoaa, f 130 .ed by bed of co .rue ;rit containing irm1 nt
P* I,'r 'i° - ed 1 . bov  tliia, e aed iva Is become prc-

we:u', Lvely more nr, 1i :aceous ,i; « e & upwards into typical

» )r ,,ec 3l e :0.


















" " 1f! Intereytir, to note tue 1i'ollov.in, differences

in the TpperEcca of Swaziland

le -0'] <e=N ire , - ir ,t.

* '"Wh:ton ' r J rc Jit r una ce than elsewhere.

""*  sedii oitt 'tion. y ' r !0t "Y form of cyclic

hxco; t for a e. ill area north of Tu”ela Mouth these
tirne-al

cruiv.li :'t9 01 thi. roup irr unlouht, 1lly represeated south of

tne t'ml 1 yura River hut their lower contact can not be recornizoi

in t field due to the a: it ce of the Middle Ecca sandstones

in t : area.

r.—.rou tout J/ it il this :roup maintains a fairly con-

is 000 feet u :0k and thin very gradually to about 700

rrou;
1 in Uk -7’ 7 H'.'" fromhere the unit thins -radu-illy
to i.out 300 fot tween or. troom and Piet Retief (Du
1018).

11 "loire' e Ion.1 ude 7 301 the group is 600
to 7( feet Xick 1 in tl.oi.rht to 1 y, ori Inally thickened

’

thickoi, : wool -1y to n <,l1: tied 1,000 feet 1in what may have

i00 i'e t thick nc r . trai in Jvvazll. aid.

— Thiclrness -
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F v ions Lhia tlis "roup follow n.ox, or
! - ! "bfcern thoseof the Lower and middle Ecca

i} K 1: ILl;,:iaa 11 both rc lor L wi local v ri .lions are less

- 'r "re lirict.,a J .iedi:ientary structures ob-

' 1’ F,a- of o loiu pho P .ate are common in these beds

1 t 1. e e ln ml s of ¢ 1 iu
¢ b'" r” hiso unda t in thi roup as for example in the
;ton. A r* er c ar .cteristic

c e "P. -v res hi U.e presence of ferruginous shile

is a for exa: pie in ou* crops lot: the Hi gersberg in

io.: o t L.

' 1r Litg, thi: facies occurr mainly in the

>

e rl I' = '...tcrif tiora of the other ftciea it -ust be clear that

"©© th ie thrse different .ourc Bare is ire unified solely by

th ir 1lit ole y, b in comp, el tlmc.it entirely of bluieh-bl-ok

:e4- it Hic no* y t been po. uiblu to subdivide this facies up

- into



into roups oi tr it i. :Io k£ver, the moat romioing ipproach

town;'us eat' li. .1 , Mn #2trnt] 'rnmphj ©* uni to within the iicca

14

to extract wel 1 puvnerved -Z“ore 1ini pollen grains fron scli' ants

of the indie .oca ip 01 the northern faciea in the northern

extensive re .s of t.e Southern Karroo and northern Natal the

spore 'Yii foil n ruin were ur recognisable me to the effects of

consideru:le aiccesu in ?xtrictinr i1dentifiable spore and pollen

u ricro. 1 eotolc 1 *al study of the Central hcca Fucieo nay

.le t 1+ iccej.'ion t* be rub livided into a nui or of bio-

e t

for ibly a; the I ', —riv. 1 e utpc r limit is taken n

etcie ¢ —-iv ri t f1 *~lyif " country intersected by low ioleri'.e
;Yint . of nr .11 .>ur toel ¢ <f ires have bt in found in ou crops
exa.,pi.' of tr lei ci’it": if o™ 1i'"0u hi to have been caused

, occur on

//war trana 1in the Carnarvon listrict, and 'O0d ex i ;it. of worm

burro o were observe 1 in bedo near the top oi the hoca on

I



Drift in the J 1 1li.-.trict.

‘' ok to eiv liirlycommon m tr the top of thxE

f ci Mt i 'kss .or c: it ; tr to hi pi -nt items may

uc:, ol the ientrrl M v : .ol (g lies 'onc-ath tcoveil

of ;, ' r r ir. o e 2 etr—tl J —t.on: <: t sin, but is
v.r.Lv Il s u: t>11 ii.--.eti 1; iVe «ter are fairly common in
t c. - is, tor ox z.Ilv i: t " ;li :;'s ale:. t « coat i

1
bl ck a: lie in t ro 1 ittin a on the '’ lenfa Paos about If

“hi facies rew \ev in estimated .aximur thickness of
a out ¥*, f nt al t &« vrurn r - 'in.” of the Karroo Drouth

i o-1 ’-11iv rapi lly tow.ai’is t! 3 north where it 1ij c 1ly

and it 1 po liblf t at there -1y have been a deepen!r ol tile

X *in jdi thi. 1lirect ion.



\T i)..D
' L
1' X . 1'r e« to ic idv .nta”eouo ind ilso justified
in e 1t 4L 1, o: . y - to in lu |- th* Lower;aost ‘'eau-

f ft .odn,

Iik 1Oft O.ump 1 & :truti raphic succession of the
Lower  “an fort i, .fin u tr - r.arroo .r u h. North of this
area sedii. entary ov* rl ip takespl cc, sothatprogressively

your.ter -c-.tuurt Bkeis o ¢ to re: t disconfer ibly on ..hat is

teel. c: * I« i1 found.' to ;T . : .erefore on
a . 2de, ' Ha d houli i t t 1 okeh upon .a i.c-
i . o .1 v ! m: ./@m. rO-

;r<:iv< ly your r vertfbr £t fo 1iis re Yound in these beds

t: a b r * r O . .

in thi Jtuwy th Lowr, o t Bea -f rtBeds are defined

@. lit: ol . n , u. B r:.. to .n Mae roe..a lying
) (- e 1ii t of ! ve;rr . € directions and litrology
three 1list inci far ik * f ir rco ni. od within these beds and
t
v
ter tern ir .lort iern mi wi thin the licca 'eries except that

InuUnd, t different litholo leal units conetitutiiv the

variou ficies interfin/er with each other towards the centre



O« 1" 1 un?* °V tue o '.dlftd #di'fin of p.ilcocurrent
ixXr< c tjoi Lal i bepoo 17Le todi: tin uish between rooks
A0 - " V'ioc. i, .V t out rn, i-out- -
go tern in rtn— ecrn . r *ns th ba in an .atones of
I o.. Bt ¥ 1lo"]l CQCu ) co r.! r— vlned md rore
ri
- »1 O «r vo not ’een constructed for
r '» nv,1 o c u Ifan.iro .ents Indicate
0t * e iollow i® or lea *0 thicknvee distri—
mi-O et e f o ;% ( .0l ier 1), ‘XC '% Vr.ut
me 3 ji N ~am 'd t 1 Trou 3 nve ;:.oed towards the
W/rt- i v * .=i'ln/ t is terio , t us mdic-itin - . s rinkin.
e 1
no - 0 or B. .rrt .eis e-
e rr: iv , & 11 co. tv r the ce* tril
» n, i O: i r iv cc .v ea e -
tir-.-ly in t i 1' he.o or v rtu 11 1i.po. .ible on
1- olo c a I 1 et en e .no- r .nr :
hoc e>x*. ort Jort.-ot Lt 1i. e 1. t on 1tthe bn. t of the
to it'.~* ! A t it t e cri ricr, in

crtn ¢ t r I/,./err.ol t 'oau/ort redo in th, outcrop belt to the

mot ‘ern Hrr ir ,ict & 1i nc-.vvtti raphic equivalent of

ie" ;dl ! b of tr tn tle noutn*

- Bitching -
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KilIc..ircj, ol t.he Bernard Price Institute for

I

J phalu
(upperil, t j )nto .o/ it* x1 zone in the Lower Beaufort) in
Lowern.051 ua. .a°*, vickB in t 10 vicinity oi the Van der kloof

Eu: cite o tin 'a. River,

A "t view of the. writer tan.t a combination of
facie " ¢ .x ;e ar I ce liinent iry verlap offera the moat likely
explan ation of ’'ifferercea in t';e «tr iti; r-tphic evecensions of

the Lowemo rt Be tufort in the Karroo Trourh and in the northern

that the renon shy T c' . n. :.—I:n fiianai —=
hec - e t - 1l a idire ir:aeifel in f, Irly extensive 1 iy
-1

reptile.; t 1 .vee.

u, ’

the « ; He of -c .l. ic , ir w. in ov—-r 1 ir%e ; irtz of

parte of the country here only reconnaisear.ee mapping h id been
carried out, th- ocor. ct ?* lor iM/ il ; 'l icel in cert in

Up" 8,

Majpinr of t e Hoca—Be miiort ’‘ontact did not 1il with-
in the sco o of thi htudy and therefore the same cont ict mo

shown by the Gcolo Jccd d rvey i used, except where results of

- recent -



Jfc 11 m v 'i i-hlo for inclusion. However, in the

Fou''i < dmit i t tl cont act ivna so inaccurate that in
11lompt wis it to r ip it.3 ]Jo. ilion on 1 reconnaissance
ha.,is *
3 \4 ; [ |
Hoc. I ton in tv t.l, fieies o tcrop 1ilonz the
southern Jtract ml - Ins of the Beaufort Basin and also occur
I ' 0 0 t
folicr ).
[}
ini ot o. : st I> .an, .l* < B to norr.al faultin,’ tney re
* tone.
Vil r , I , r es, trey, purple .ad

cular rtet - IT-' it ae. . antinuity of sandstone
O im i ; t re
;o M pc on. f Xn cad tsr 1., pl irtr a: 1 trou h
plants 1. 1 v ftl1l I1'sd cn ound in these beds at a number

of loc .litiea(i' ', "t 1 1 t).

c. / N\,  Ci.m

Good outcrops of this T cies may bo neon alon the

- Ro eve.ld -
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grained felsp”tide sandstonef niltstono and mudstone, The
sandstone resembles It it of the Middle Ecca Group, but the mud-
stone is norm 1lly t 1i lit rey, teen or purple colour, ilunar
and trou 'h cro s-t oddin,¥; ire abundant in the medium-grained

sandstones.

In northern Natal good outcrops of this facies occur
alon- the Eastern Escarpment, Fi - er.berg and Belelasberg. In

these .reas the aac * 1on is :o:nposed of course sandstone, ,rit,

con:lo:re ale, c .rt g aceova .! ile ar 1 coalseams.
Roc @ of t. : ficies 1lino occur in the districts of
l.;. c... t i erst ¥ m in the south-eastern Transvaal, as

well 1is over vide re < of the northern ind central Orange Free
isn ;eds occur

at elevation.- itovo ¢,000 feet, but ee/eutw.iris from this area

and Oran, ¢ Free Ft .to the Lowemost Beaufort Beds are composed

of co tr to in -grained sandstone and :rit, together with
*eo.-~H oc eur, o 'or ex . le on the f1ir.es ot ;lajuba Mountain
south of Vol .crust. The sardatones atron :ly resemble those of

the VidlIf Ecca, boin 1T ilnl/ nrco'io in composition and con-
taining a u.— 'ant Hu. .- to 1lY4va -cc 1I< plan", 1 cross-bedu ing,
similar 1in ap: a trance to that found . the —cal roima tion,

'lump structures and intra-formationn] recumbent fold;- also

OoCcur.

Accord Inc to Viaser et nl (1958) the Lower Beaufort

- Group -
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Group rear Volkrruot can be sub livided into a 300 feet thick
"Lower Zone 1 where sandstones predominate and a 600 feet thick
"Upper -one" y where a riles uid tilatones predominate s Rocks of
this lacies are not to brightly coloured no the other two facies

in the Cape Province,

In ./.vazi iand, Mrllling has proved the existence of 130
feet of blue-grey icaceoua shale overlying the Upper Ecca. A
narrow clay pallet :or Uoneratt occurs at the contact. It must,
however, be emphasised that the correlation of this shale with
the Beaufort lerieu is | isc 1 purely on lithological grounds and
until confir .arory fee si'"' -vi lence is obtained, such a corre-
that the ro c ..lied [ -lufor' of Swaziland is composed almost
entirely of s ale, when the Lowermost Beaufort Beds are known
to become -

On this basis it wwoul I\« logical to expect the Lowermost Beau-

is thus possible that -ILtlier tr.ece beds ire not represented in
iwaziland or else ti.f rrsent atrati ;r iphic correlation 1is in-

correct.

T.ie Lower Me tifort Medo thin in a north-easterly

direction id hozm >y the followin' thicknesses -

Central Tra .ikei a 4,500 - 5,00C feet

Mount Currie 4 P,00 feet

Bulwor-Deepdtie 4 1,900 feet
Van Reonen's Pass 4 1,600 feet
Neweastie 4 1,200 feet
Inkweln 4 1,100 feet

4 Du Toit (1918)
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HT. PATHOLOGY

At cac!. outcrop of conglomerate encountered in the
fieldy both composition and mean pebble size were, determined#
In addition, variations in ;raln size of aandstones encountered
were visually estimated uninn a /entworth size chart. Re-
presentative sandstone samples from different facies within the
Lcca were studied in thin section, and heavy minerals wi'e ex-

tracted and examined under the microscope.

Generalized petrological studies of deca sediments
were carried out with ti a following aims in mind -
1. To obtain info 'matAon rog rlinr the nature of the source
rocks.
2. To detect any evidence of the depositions! environment.

3. To deter inc any mineralogical differences between sand-
stones belon "V * to the 1lifferent facies.

A. 1id a : . T-ic 4 n

1l Pebble ize

Lengths of long axes of the ten largest pebbles were
measured at each outcrop of Middle icon con "lomernto enccentered
(Pelletier 195 ). From thin dat , the average pebble lengths
were calculated for the different sample localities and
summarized in appendix 11 Mo results \ro plotted on the

outcrop map (folder 11) from whi~h the followin(, deductions

may be made -
1* Middle Ecca coni'lomorates are con Iine i to the nortnom
and north-easturn portions of the basin.

2. The largest moan pebble sizes occur along thenorthern
margins of the basin.



There are no clearly defined directional decreases 1in
mean "ehM o air.e, o feature which may be due to the
limited number 01 sampling localities.

In northern I,at i1, Swaziland *nd the south-oostern
Trannvaal, pebbles wit) in the Middle Ecca conglomerates are
generally well roundel and sorted, an, c¢stin, that they have
been tr nsported a considerable distance from their source.
However, alon : the northern rnirpins of the basin, the pebbles
usually display poor sorting and are sub-anpular to sub-rounded,

indicating that they were ierive I from a near-by source.

Fj n

Compof’itiona were recorded for the 30 largest pebbles
as e cb outcrop of Mi lie leca conglomerate examined. These
arc 'pressed in tor o of tore# *o compositions 1in table 7»

from which the following conclusions may be dr cm -

1. unrtz, or piartzit# , usually const! utes the dorir.mt
pebble tyj'e.

2. ..uartzite 1™ usually the most ibundant pebble type in t ¢
northern portion: cf the basin.

3. . ~ .

and. Swaziland, but are rare or ibsent Jon the northern
i.ardns of the basin.

4. Pebbles of felspar, up to J inches ir length, arc fairly
abundant in tie north-eastern and eastern portions o* tie
basin, but are completely absent along the nortuem

margins.

3# Pebble compoaitions indicate that the source Sor
most of the Middle Ecca Conglomerate, In tse north-
eastern portions of the basin, were more granitic in
composition than along the northern niari ins.

6. Chert pebbles, probably derived from the Dolomite Series,
occur mainly along the northern marginse

7. Pebbles falling into the group of "other rock types" are
mainly found in the north.

- before -



Roggeveld Escarpment and in the rugged country forming the

Kcirre6buibetween #illiuton cird Qurricirvoni#

i b-'dn are composed of massive medium-grained
sands tone, ;iryi. h-jJ reen ailtatone, hard green mudstone and
green and pn: »lo ‘M111# thn sandstones in this succession are
genei illy (M ;lev:- 1lined than the Southern Facies, and small
granite peobles are occasionally encountered (Rogers and Du

Toit 1903).

Rocks ¢l this facies become progressively more argilla-
ceous 1in a north-easterly direction and good examples of sand-
stone beds .;eiging out in this direction nay be seen in the
Karreeberre north i1ai we. t of arrarvon. in the central port! nr
of the risin rocks ol this facies ray be seen interfingering

with those of the ..outhern Facieas,

f«irar ..1 trou .a or. as-be llin. , various types of

ripple mark.:, sai. e-pc :it conglomerate, contemporaneous erosion

channels, trtinr lineationn and romp.action structure; -re
abundant. 1L * a;~xi ifrdr \na and Phyllc tncca
have > "n founa in the e>d . I, a llition, fresh-water

lamelllbr nohf - and fish sciles ire reported to occur on the
far::. Knechts bank, ,dcit /P miles north-west of riddelpos.

Fossil re tiles are not as abundant as in the Southern Facies

(Rogers and pu Toit 1)03).

D* d:thr: T'ci :'

In the northern Tr-anskel and southern Natal the

Lowermost Beaufort Beds are composed mainly of fine- to medium-

- grained -
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oliering any explanation for the wvarious size
an- compositional characteristics of the Middle Ecca conglom-
er-t c:-, 1t is neces. ary to stress th-.t the Lower Ecca Shale
intervenes between the Dwyka Tillite or pre-Karroo surface,
over the lo o: northern hatal, southern Swaziland, and the
south-eastern Transvaal, ihis fact excludes the pcrsibility of
tle pebbles oring derived locally from : -worked Pwyka Tillite
or ire-narroo orantions, 1in none areas pre-Karroo hills pro-
ject through toe “ower Ecca Shale, but this is the exception
r v.m the r:de. .o .over, alone the northern margins of
the basin, the Middle Ecca rests dioconfornably on genuine Dwyka
Tillite, rewoi' ¢ 1 tillite, or *re-Karpoo formations, and vast
w - rewoiwe 1 tillite and coarse clastic material from
t..e r irrour. iin ¢ ore-Karroo ridges were incorporated in the
ie pebble
constituents of the Middle oca conglomerates in the northern
portions of the basin were mainly derived locally from the
reworking of oi ler I /ykn leporits. 1ii contrast, pebbles con-
stituting the conglomerates in the north-eastern portions of

the basin were deriveil from a more 1llatant source.

” CIEE v Ki.t ic Wi:" k X,T0:3EQ CE TEE Eic shillES

t each outcrop of sandstone investi rated, estimates
of the average grain size wore made visually using a Wentworth
grade scale (see fig. 13). The results are presented on folder
-0, where a visual size scale 1lo used to illustrate average

grain size at each outcrop, rather than a strictly quantitative

approach. ,

From folder 10 the following conclusions may bo drawn-



le « '-eastern

0. ‘' : IXI0» >mer-groined md probably represent a
distal Jacres.

ion alvng

=
sooner in this bell Tn”"o rapidly northwards into shale.

Re'ir mo for not apply!n - a more quantitative Method,

such as novin - aver ;es, for trt itii. * the data are as foilown -

I* On n |,
J* ho: latone f v e ave ek eei;:e O :cur -t
differ ~ tr ti r hie 1 vol T, "e v licnted on

outcror by foldi .n; etc,

certain .o tlon of the succession from different parts
of the 'asin.

c. :-htn;h ihv o . Y hy;

T'icroocopic ex —n:l:/ tLon was carri d out on a total of

’

and vestern been Kucies. Of these, pe"eei« ' 0 conpo dtlons by

mea s of count!nr fiv hundred points, were determined for O
thin sections u inr a graduate ! ¢ e-piece* T rer.uts are

listed in tables 8, 9 and 10,

The classification used by hrunbein and .-lar, (1959)
and modified from Pettijohn (1957) was used in the classifica-

tion of sandstones. The various types are defined as follows -

- Luartzose -
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quartsosg.SaMstone "has , simple mlneralorical corposition,

with a dominance of quartz (at least 90%) and a minor amount

of matrix".

Felopathic iandatone "has from 10 to percent felspar and

less than 20 percent matrix".

"centalno more than 2% percent felspar and less than

-v ——crcen r. t-rix. The itrlx is commonly kaolinitic"e

rravv :cf:e is a poorly sorted sandstone with more than 20
percent matrix. The particles include annular rock fragments,
I b| Wit P
, Jhlori to| and

spricite".

= .a a sal is tone wi Lei resembles a true grayvmcket
1 t Sent of | and

chlorite may be lesz prominent",

1o :\" Torh "r..hrc. BR:cie,,
(a) Texture md Trsin size

The .i,Jjoilty of the sandstones examined are medium- to
very ¢ r e- rd.net (, - ?r.l) and display poor sorting. In-
dividual ra nr vary fram, sub-angular to rounded and in general
the felspars, particularly mjcrocline, are larger aid show

better rounding thm the other minerals,
(b) glnorai Composition

Fifty percent of the sandstones examined werefound

to be arkoses (see Table 8and fig. 9) and theremainder were

— more —



more varied i'" *lu ¢ eub— "rttywackest 1 irt&ooc ca idr»tones or

felspathic sandntone.

U'trlr, is usually the moot abund'-ut mineral present
and constitutes 50 - > y ircent of the rock. Individual prains
usually show undulose extinction and contain liquid and gas
bubble trainst d wel s ne..edle-likc- inclusions and fracture

cracks.

Fri ¢ ts of ;uart :Lte e I cinert were found 1in sand-

stones alor. - the nort err. mar-in of the basin and were rrobably

e or constitutes between - 1 45 yorce. t of the

have more m trix nateri .1 than "h-Bcoarser varieties usually at

of the detrit il felspars 1 *ae been altered to matrix material

abundant felr or r Eserit (ov®r ™®>.')f and the remainin ' percent-

to occur in s: all a icun* ,

Detrital muscovite occurred in all the sandstones
examine 1 except x 9775 + id x 97 43, the constituents of which
are thought to have been derived from local source areas. This

mineral u ually occurs in fairly larpe fl drea lyinp along

beddinp jlont., or bent around other detrital rains (sec Tip.10).
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In addition the following accessory minerals were
observed (less than 1%) biotite, vyirnet, zircon, tourmaline,

pyrite, spinel, npaiite, epidote and ore minerals,

2, The Southern .,cca Facies

(a) T'Xtnro and drrin Size

These sandstones are very fine to fine-grained (1/16
to 1 nun), angular to sub-angular and poorly sorted. The fels-
pars are lath-shaped and larger than the quartz grains, which
have irregular shapes, particularly sharp pointed slivers (see
fig, 11). Tel (1962) also observed this feature in his netro- o
graphic work on the Upper Ecca Sandstones from the Laingsburg

district. Traded bedding is common on a microscopic scale (see

fig. 39).

(b) Mira rel Composition

Seventy five percent of the sandstones examined from
the Southern :cca Facies were foun 1l to be grayvackes, while the

remainder are sub-grnywachos (see Table 9 and fig. 9).

awartz normally constitutes between 21 and 46 percent
of the rock. Individual grains show unluloso extinction, 1liquid
and ran bubble trains, needle-like inclusions and fracturing.
Chert sometimes occurs in amounts of up to 5 percent and is
more abundant in these sandstones than in the northern Feea

Facies. Quartz!te fragments arc rare.

Felspar constitutes 2 - 18 percent of the sandstones,
and in contrast to the Northern Ecca Sandstones albite is by

far the most abundant felspar, Orthoclese occurs in minor

- amounts -
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anounto, and mierocline which is so abundant in the Northern
fcca Facies 1s rare in the south. 8one felspar grains have
been kaolinized to such an extent that it is difficult to dis-

tinf®uish then from matrix material. Many of the albite grains

show bent twinning lamellae.

Matrix material and nccer -ory minerals constitute K
to 77T percent of th* re k. Clay is the most abundant matrix
constituent. Chlorite is fairly abundant in some rocks and is

always more copious than in the Northern Ecca Sandstones.

Muscovite 1is not as abundant as in the north, while the
reverse holds true for biotite. The following accessory minerals
were identified; zircon, garnet, tourmaline, epidote and ore

minerals.
3. The ./estern Ecca Facies
(a) Texture and ;rain Eize

Like the Southern Ncca Facies these sanestones are
fine- rained. Individual particles are sub-angular to angular
and poorly sorted (see fig. 12). Felspars are larger and lath
shaped, 1in contrast to the quartz grains which have irregular

shapes,
(b) T™npr;,! Comwun tloil

On the basis of the eight thin sections .xamined and
the two modal analyses carried out i has heon found that these
rocks are either graywaokea or eub-graywackeu (see tn'.le 10 and
fig. 9) and therefore are similar 1in composition to the sand-

stones of the Southern Ecca Facies, but different in composition
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to most sandstones in the northern Ecca Facies.

Quartz is tne most sbnn' ..t framework mineral (39 -
47 percent) and appears to be petrolo'Tically similar to quartz

grains of the Southern Ecca Facies.

Felspars constitute - 19 percent of the rocks nd
their average size 1is slightly larger than the associated
r 7
is t..e case in the Southern icca Facies, and orthocl i.se irikes
up the re. aining percentage. "licrocline aid perthite were not

found in the .ectic:..—- ex mined.

* —tr:x n iteri- i an I accessory minor-J» constitute 42 -

st tuents, lie —x.ic >vite, Dbiotite, zircon, -net, tourmaline

and ore ernls cour 1n minor amounts.

soen (!'" e :st (1962) md De Vitilers and Vardourh
this  id./, litionMl a h, \r, tented £ 1 the ..mvrsfoort

area -nd the Western )cca ? icies.

This data will now be reviewed in the 1liiht of the
different facies, 1in order to detect any ,ior qualitative aid
quantitative differences. Certain of 'he earlier an dynes
have been recalculated In order tl at all the results may be
uniformly expressed on 0 percentage basis, ' @ results ob-

tained by previous Investlgators are simplllled and gummax 1zed

in tables 11 and 12.

- The -



Jie asiie’.ib!-irg ol heavy minor'lla ia similar in e-ch of
the whree . ci.es .1 indicates a predominantly granitic source
for o®ch ol fecm. JdthoU'"1l the data in &2, jty, there do appear
to be cert..a juartitntive distinctions between different faci ,n.
3a dr.tones conatitutin ¢ *he northern ,cca facies have less
zircon an more oarnet 1in their heavy mineral suites © m

’
there re apparently no m?jor quantitative 1lifferc. ces between
the heavy mineral suites of the Southern and v'eotern deca
Facies, except t .at t e eercentape zircon is usually sli htly

hirher in the Southern icca facies (see table 11).



HH

O rt

<PH

ord



2 o)
cRa

Y0
Bt

QO
X«

6) o
Pv)

Sw

MW

5, 'd

oo
A

LA

o' 5g

=

R8s
<24

S

1A

vE

CM
<0

rr\

X B M o

& 8 A &3
§ & 5
o 8 o Sm
o 3
s oo 4Bvuel
54B00

BOOTTF

CI

o BoRTET A o

(296 P TBm
pue @d@ﬂHHrﬂ >mM«

5088 R—

Z-6"0
Ddpo w:i93udZ
g 8 5 '8 flrated

58
© T AmBp

TAm o
“PTRLe v

L.

Wla O

O.U ﬂDPdOA
ATU"WudA\/ H@O

o\

[ Bl



BT

Hooz ¥ g Q<00 B
«© Boaz FEOF o 8 8 -5 8% 58 8 &3 8 8 T 18<o=rf O
B9 5Po
‘@ BPoz SLR3F- O 0O«
<0 BFoz H5o Y S 8 53 ‘g & 83 & B0 g g
Foompy 4
0 oPoz F8og B w B8° 8 8° 8 €5 8" = & VoS8, 5 U
TN ot S
omwv @O @/HnﬁH <O 0go
<O o= HHo 3 Q Y ] 8 & 8 o o & 8 = 52078
MMHmemMM g mmmwwm 2 8 o% o, @V SET 0T O BT EOma To § B w0 HoUazg 0o HOOH DHM 5

8 B ow



- 30 -

JV. er w .Y re,u;;s

I-und ueiii 41 to the study f any sedimentary unit is
an understandin.- of its provenn ce and environment of deposition.
In this res cot, tnc 1lU'vli:ative and 1 a vtitutive study of
primary sedin.-ntary structures e.. ‘les valu-Me information to
be gained tow r s .olIvin ; ',e e .rob ems e+ i"any sedimentary
structures such as cross-: -ed.iin - have directional significance

and mayt therefore, 1le use : in t MBMreconstruction of the paleo-

current pattern.'. :::di'nrly, various seUr .t ry tructures
are in lie ¢dors of '“ ivnos It :.orstl swiroror.nt, particularly
when cc.iSi iere i 1 t* asscut '»:e.

In t;.is chapter sediment .ry structures in the Ecca
Series u . Is.wermo t auf rt uedr re described. The environ-
mental significance of se iimontary structures is discussed and
measurement techni iues re outlined for those structures which

have dir ctional ;i-nifioance.

Brief references to sediment try structures have been
made 1n previou ° ra¥ ;'.c 1lescriptdone of cert tin -reu,

but in general little v s known about t;he type and’.vuilabili1iild

of directional sedimentar. structures prior to thecommencement

achieve the objective:; of this ‘vlily within a pciiod oL s xX-i.,
an efficient

decided to commence work in northern Natal, as good outcrops

of cross—beddiiip wore known to occur, the ai<+ aid .icn

geologically rmi%e; od on a scale 01 1 ' viun "~ c

stratigraphy was fairly clearly defined. Due to correlation

- difficulties -
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difficulties 1* -a decided t >classify sedimentary structures
accoidir r to <roups within the d fferent facies, except in
northern dat*l ind the south-eastern Transvaal where it was
possible to '-isiirBMui oh between structures occur rin above,

below or within the Coal Formation.

Po ensure an oven distribution of sampling localities
a grid 30"' longit iie by 30' latitude was used for the entire
basin and an attempt w> , made to obtain a sample locality
b-
cedure worked well in northern Mat 1 and tie outh-eastern
Transvaal (see folder '), v/here tl -Middle hoca Group is well
expose 1 ana cross-bed lin ; is < ubig dtou ; feature of these
rock . .owevur, 1in o -r e >rti of the 1 sin, particularly
where the cca 1is eocponei entirely of r . Ie, this method was
found to be impractical md outcrops were sampled wherever they

could be located. Oca ;ionally it was necessary to go under-

Due to the onormouf tistance:; which had to be covered
in a limited porio ! of time, sampling was confined to the
exist in.* roain t t e f r as po.a ibl o. However, "n areas
of }oor exposure or here there were no roads, traverses were
made on foot. Maximum sampling effort' w -ivei to the ;ccn
dories, but an attempt was also male to obt iin some idea oi

the regional transport directions within 4ho Lowermost o-iufort

almost -ntirely of shale and outcrops are rare, more effort was
given to sampling the Lowermost Boaul!ort hods wl ich ro usually

better exposed and contain abundant sedimentary structures#

— This -



- L2 -—

This prooedxire proved to be very useful as an aid to the inter-
pretation of wt'ion-11 ; “leocurrcnt trends within the Ecca, in
portions cf tto b tvin where exposures are poor. Jn che south-
eastern corner of the Karroo Basin where the Ecca Series 1is not
exposed, a lew outcrops of Middle and Lower Beaufort were
sampled with a view to pvt 'mini' some idea of the transport

trends within the underlying Ecca Meries.

Outcrop localities were plotted on small-scale maps
together with the outcrop number and these points were later
transferrei <o r-rve—;c- ’'e maps on completion of t e fieldwork.
At e ch outcroi 1locality asured, the followin information

was always recorded:

1. The stra* i raphic position of ti.e outcrop.

2. "nedii an:;trike true bed Ling where it exceeded 5
degrees.

3. fhe mean rain ,1lzc of incorporated particles.

4. Associ' t— 1 |rir.ary ue ;imontary structures and fossils.

Additional info nation pertaining to particular sedi-
mentary structures, wan al.io recorded and will be discussed in

the succeeding text,

Excellent .x unploa of various types of cross-bedding
were found in the .:cca Morion ev 1 Lowermost Beaufort hods,
therefore it in important to describe these in considerable

detail, an they indicate the depositional civMronmcnt.

The most widely used code of cross-bedding terminology



— 83 —

is that proponed .3 ¢icK.ee and .7cir (1955) * Three main types
are recornioed (nee fiee, 14), and ti-- following iofini tions are

given -

41 1 Vorn-boddl nr 1is represented by sets whose
lower bounding surf cen are non-oronional or of abrupt change

in character.

IMur'-r M /-! '11linr is represented by sots whose

Trout:,a Cross-bo 1ling in represented by sets whose

To tor .M. l.joh; (I1-5, p. 71) recognised two
main tyros of cross-oeddinr base 1 on the nature of the upper

and lower bounding surfaces u.i1 i a modification of McKee's

tiaily pi- aar contM (ts and,

2. Trout ;h Cronr-bc 1liin:e, which consists c¢i unius that have
curve 1 > Bl cout M .

Aller (1965) proponed a descriptive classification

of cross-bedded units, booed on the following rritoiia -

I* £ ia a single set|
Co::* Y '.imposed of two or more similar sots.
2. The physical r.iat (thickness) of the set of cross-strata.

3. The character of the lower box ndittf surf re of the set ot
cro;, s—-strata.

4. The shape of the lower boundin'; surface.

5. The angular relationship between the cross-strata In the
set and the lower bounding surface.
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6. "“The doKrcu ot W™\ oloi'ical homogeneity of the cros.>-strata
within a sot.

Usinr thn above criteria Alien was able to recognise

fifteen distinct types of erosn-beddins.

ihrou.*h.ou' ti.ir study, the terms pi nar =nd trough
cross-bee :in,:, as defined by IX. o and Weir (1933) will be used
when refers;ng to
ever, for dot tiled description and. classification it is necessary
to use Allen's cole of t minolosy. Although the present study
is of a regional stture, r»ny of Allen's s; cific types may be
matched to ex m; I s from the leca and Lowermost Beaufort Beds.
These will now be discussed with a view to reconstructing the

depositions! <nv:rons.vnts,

Alpha-Cross-bf.d 11nr.

This type 1is r bresent d by the following -

- N
planar.
3. The cro - tr ta - r a discord it re. <tionship to the
lower bound!n> surface,

5. In v rtical sections parallel to tite dip of the cross-
g8tr to, tls.y a * it"ai,ht or cone iw -upward,

6*
curved 1in another.
This type of croso-bedding is fairly common in the
Coal Formation of the Northern Kcca Facies and is also found

in the Upper Ecca Group of the Southern Ecca Facies. It 1is

- best -



best observed whore large-scale foresets overlie coal seams
or beds o1 c itdonnreous shale with a non-erosions! contact (see
figx 1") » Cou se swi tone as i ""it constitute the dominant
litholo. ical .M in the.e units. Good examples may be seen

at outcrops and 10 (see folder 7) as well as in the Hlobano

Colliery near Vryln.il.

.0 oi'i in of tl. ie structures is best explained by
Deposition must have taken place in f irly extensive swamps
and Ink e, xher w t Mis of a £fw £ t ;rev lied. This
type of sedimentation -xalainr t: B ark bio preservation of
coal scans b low con-'acl otic material in nmrny : rts of

northe .t 1.

Bots-Cross-b idinf:.

Bcta-cross-b d .ir *ii .s o, - fc31 win - properties -

1. Larg* -seal edit ry <H(-B- fir. 1%).
2. Tx: low r boundinr «f «MB 'R a plan r .u: face of erosion.

3. The cross-r.tr tR : l1locord atly pelatel to the lower
boundIn. .uo! W .

4. The cross-ctrat are 1litholo iaally homo n ous.
5. In plan w:-.w, the cross-.it r*!ntn vary from curved in one s.d,
to .traiir. another (tee fid. 1' )«

This type is f 1irly common 1in the Northern Facies of
both the Middl' Ecca am lowermost Mmufort ( oe fit". 17). die
constituent material is usually coarse sandstone 'ad grit and
the scale v rics from 6 inches to over JO feet (so fig. 1C).

When well exposed, these structures may covco an area of over
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21500 square yrd.:. ionl =x:; 1 ¢ ./ore dor. rved at outcrops

60 and 145 ( u tolder 3§, , il type jthou ht to have formed
by the forward huilIdin of 1 rro, solitary . nd-bank.a. The
eroded nature of the hare inti eatos th t Ithcr the b'nk ad-
vanced swift.y and erosiv 1ly ov«—r the prec-* nr le osit, or

bevellinr t ok il-—.ee prior to imposition.

Thin type 1 represented by the following -

1. La,r-e-. m ° . ' ery
surface £ "c icr .

5. The

5. In plan, the strata vary from straight in on —s t to
curv 1 in .ao,ch r (s (Flexe 1

This tyr-c 1is rare and was only observed in the Middle

Ecca Group ar 1 Lower a it 3c lufort .= is in the nortlL-c. svein

coarse sandstone and grit rest on an irrepal ir erosion ‘1 sm 1 —Ce

composed of fine rar. intono, shale or an incompletely eroded

from 1 to 4 feel

The depoaitional surface was L jrtninly eroded prior

to the forwnrd baildinR of » crooo-bedded cmd-b ink and

bio,

Fia.ilon -



Epsllon-Cros”'-boddin.

Epn 11 on—cror.n-bedding is chnract rised by the

following -

1l Found as sol it ;ry set > wnich are usually large 1in scale.
-+ &pbe low M boundin .uri ace is a plan r surface of erosion.

3. The cross-str t are :iscoixi atly related to the loiter
boundinr surf ce.

4. The cross-str t r- 1lith .c ¢c liy e+ terogeneoust usually
consistin. of Iternate layers of clayey silt and s nd
(see fi . 17).

5. In vertical sect", on 1l par 1lei to the m xiarx:: dip direction

the cross-str ta v ry from strai ;ht in a few units to
convex-u;war! in th m Jority,

6. In plan cro r t, e often carved.

This type of -ross-b*di"n * is found in fine-grained
sandstone of t.. Xi.idl-. -:a rou; of M fort" era F cies. It
also occurs in the Upper Ecc lroups of the Southern and
Western Facies and in t: Lowermost Beaufort Beds in the
southern portions of U 'a. in. nit ¢\ ickr.esses vary from
5 to 19 inches. All n (1 3) r ports the presence of Dp ilon-

cross-bod i: - a oM 1*i «"* vpoi- f b rs.

Zeta-Ci-p. :;-be i.in".

fi.i:; tv; < of cross—bed ling is caarscter isod bj the

following -

1. Large-scale solitary sets.

2. The lower bounding surface 1is erosion il and trough-shaped
(see fig. 15).

3. The axis of the trough-shaped lower surface is approx-
imately horizontal,



4* p'® cr®G:’ ' ~ within the unit arc concordant with the
lower >oux ing aurfac
.hi t.ype o! cross-b ddin ¢ in associated with the con-
tomporaneouo erosion ch timelIs so common in the Upper Ecca Group
and Lowermost Le m :ort Hods in the southern and south-western
portions of the hasin, hiese structures also occur 1in the

Hiddlc Lcca Groui 'nd Lower lost Heaufort Hods in tec northern

part of the bin.

o' he (1Gt>n foui.i by expcrim.nt tion, that this tyre
of cross-bed 1in.~ is f r" d where * s micircular-oh ped channel
is cut by a submertred current rnd then filled with sediment
either f.or $ second outm r;ed ¢ rr .t, flowinM iown the axis

of th Mchannel, or from ..whirr.wvnt sottlin- from bove into

quiet vz-it r. In b th c . . str t ;fictionconforms to
goner la; ¢ of td h-r: 1, but in th first ¢ .v, the cross-
str t i'k tow ri1- t t of th c¢ch nr. 1, while in the

in the Ecca md owt.-r-10jt Beaufort; were filled with sediment
discharged by mo::, r ; chkr :t flowing p —r>1cl to the axis,

in th t - . Cro . - 1" : " inly onform to thfirst case.

J ntcmporan ous ore..ion channvil; vary in depth from
6 inches v ovsr 2G £ f Eh1l *ood example = occur Mt Verlnton
Kloof so H of .'mt rise (see thr. 0). inose strucl .res re
best ob erv 1 in outcrop sections parallel to t secimentary

strike, as they are usually orientated parallel to the regional

P' leocurr .1 tr nlIs.

th..
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Eta-croas-beddin 1i. oh.trac' -ri od by the followin'- -

1. Solitary .Mla, -ic-tly of ¢ 1 r#e oc Jr.

3. The or / r , m 1 TYUuv 1, rvl ; ' to the lower
toundir; art'-. - g, ),
a cr - fe 1 . IV- 1 L tlly heter -
- a-" ‘e :

b” . r-\iiy ftand s. -latel v.ith fine-
grained mi ;a * U :d* g a in the Mil lie Ecc . Or up of the
Kertr.—r: ?» 9 . o, a ae *r vt ,re. 1i: .<MeIdam
greater t h . ., 15) d rerired rtructurea of
thir *.; fr ' 1 . . r J*a.

Theta- roa. —had .1\

foil wir.:rot B rti- a haract* rise this type of

crors-b—- :din. -

. h 1 N-: . ., u - 1 « , ilunging
inwarr at .re. Enr.

3. Th cr - .t eein * ' ir litbol ically hor.o-
'«
4, "-H c- - ri' ' ¢ r:i ~ v ;» heun tin#
rfa , :f at r v ih B more e» ily (1 < 'tz lenwi-
tudinil o otions than in those o* right arvles to the
lrr-m"' ("C f£i. 1 -

Thi. 4.peof cross-1 dding is the equivalent of whit

associated witu n arly ev-ry arenaceous f.mat ion within the
Ecca and Lowermost B-aufort, but is most abundant in the basal

and Upp, r I'and.u.one formitions of the Northern Ecca Facies

- (see -
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(aee tir. .1)e ! T :41 ol tMr..~ structures 1i:;; usually

between 6 and 1 I ineiua md the axis ol the lower bounding

They are oval-.; apr 1 In plan, with length : breadth ratios
surla v . i i < "r<mik 4re at trs to fonii as a re—
suit ol ® 'v tev 'a, .r. fly the ecourin#’ of a trough-
shaped K7 .or. by s ibr r e i current and, condiy th

filling of tt.e d pr— on by th forward building of a bank

of Sand. M \X !¢1 W :1in , h; ta». off ct of only ;lightly

modify in.— * r . x.rtir. ¢ r ‘ruvtur.-. In g-.-neral those

stru tur- *» «r «r go:. ¢ a t<rbul nt .billow water environ-
ment. ;x i:n* Xt i or 0rv d in roo 1l xposur- s of
th Basal rn. :p r . M r r ,t.on.:.

Ic?

hi.— tye f croa. -b ilin is characterised by the
following -

1. Bar,- - 11! unit.

2, 1 v » X, . .rf .0 n- o 1 with th, ax, s
lun'. i * h * 1s.

Z. - -r t r ri: Ywitl r .M ct to Mi 1low, r
lounl in H , L r ti /hip whien ".iv 1 doit, rv, d if,
flection.— par .11 lan! p«r ndicul- r to tlo axis 01 the
trough f, .1 ).

4. Th nr' - mv £t 1ler in tr f 1re iithologirally horr.c-
g nf oca

Thi.; t/, of cross-bedding was only observed in the
Upper ‘'at into . bor: ‘'ion, v.her* i4 i;! 1lairl.\ oiniifn (see
folder Oh Good - x.ampl' Omay be dos. rved at outcrop .1 (set

fold,, r h) .
- The -



1' ' "Wl "1l ’'-heapoon-ahapvd ueproasion is usually
. T
the 1length >: tl.e ion’ ixis varying between 1 foot 6 inches

and 1v 1-otK incaco, wv:"E m average length : breadth ratio

of 2.1% ot "ee > bou’ ite »irfaCl ia u aally a planar surfac
of ero.'ion a- [h<e +in "*ituont *.aterial 1i. co trae sandstone and
grit.
Karpa-'ro s-: :::nr.
This yp irc mi iby ta following prop- rti s -
1. . o A r 1 >y 1ilivida 1lly .'Ee..all-scale units
L | i . 4.
2 ?h «wi r »:1 r . ;rdir ::=urf ic of ech a t, are
ira~inary irr 171 r, “*r iti ail . .irf".e », h finea by
firn ia 1 la ' r*x.t. of t v cross-strata.
3. /Th we - -« H. n . r *n '.nuous across thesc
ill-1i fin r re rn t to another.
4. Cro trt r u .11 ;is.cord ntly r latod to the
tour.ui.* &' surf
*Xe In "a r - *r * r n to havest p dips,
iu' in tk s ni -lirs ton th-ypin h and swi 11 in
a ;=*t r kint r: o insIn s idnticl to flazer
b iiins ". e fie  3).

6, This t/ i M ciiesruet ris—d tl11lth iovie illy iiamo.a nvous
rr' *r t (All n, It ), but mh writer lias :ound
h tr n -us r - tr ta tob dually omrnon.

This typ 1is occasionally lound in the arenaenoun

formations of the flou<h rn —nd Western fcc.a Facies as well 1is

in the Coal For ition. Th- s structures are usually found
associat d with fin -gr tin—.d sandston an! r.iltst- m . In-
dividual units vary from 1 - 6 c ntinv tree and cosets arc

usually in <xc s.s of 12 CentIm tr a. Cross-b dding of this

- type



- 9. .

typ>' 1is i.K'Ufht 1 e'eei= Torrn* 1 by the unci-r-w ter mi,-ration of

acini i—-  1' : 117¢ i 1in, voi 1 ripr 1 3 commonly associated
with a sh. llov. t r flavin'il nvironm nt.
Inn.b 11- re. -boddiiyr.

kind o 'ro .-bid fin- 1 characterit. d by the

following -

( fi .

ar- i een vy ;r 1litl ntl pimar <irf -cn, d fined by

-strata,
3, T . or - ! T o i * 4 t., n xt across
th 5 j,ra in’ry irfacc.- will, vhich th y ar discordantly
I t 1.
4, k., e X . - * i r t tly in -lin d,
ci ‘' in "roomor -1 Wl r tot is strata arc sscn-
*1 Ily nt-1i fi,:. o).
- moa i« at.
hi-r . lair, 1 o ca ion illy found associated

with areme oa B f r lone of h couth, rn and Western Been
"'¢ci . ™. e —-aree 1 For ation Oi Natal, Pht
constituentma ‘eri 1 in finc-pr-.in. dnand -tone and the* scale
Of ttv  .t.. andcoB #: n oomp.tr ‘hi.with th 1 of Kappa -

cronn-1 d-e.n

Allen h 11 v ¢ that thi structure 1i: formed by th,

und r-thi r migration of crmull-ncal< rippl a with apta’oxima , ly

straight .r ntn,

Kli-Cro, /,&' .idirp..

- Grocn-bedding -



vJoan-in 1iIin/ of thi:*, type constitutes the

following -
1* ~ cosc @.: *u ol )1 diruiividu 1 gets which .re sprr.1l1 in
sealt .

surfac of r ior (n o fig, ff).

4# In .
Jif e IER 2 %ot .a* iirection, but in sections
pa* 12 i Y 4 Irik , th y i< seen 1is essentially
"a-cri ss-i eiim< is f irly common in fine-gv ;in™ I
sandst -n: o] 1= a 2 Porr ation rd also occurs 1in the Lower
dividual sets vari fron to r ?jntimetrce and cosets are

strata have t r. h form I by -lam: >. *. Thi » typ is thought

to atv t en for 1ty th s il .iv jus mi/*rition of small-scalt

* .
set 1. separat ¢\ fron th uccct lir.g on * by .a period of
beVeiling. allow watt r conditions art: th most likely
environment uni r which 'hi typ ¢ of itr“~ctur. formed, but

Dzulynski and Walton (19C5) Dboll-vc that this type of cross-

bedding may also b produced by subaqueous turbidity flows 1in

a de p w-.t r envlr inme-nt,

Nu-Oro,; T-'peddi ng .

This typo has the following properties —
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1, Cosets composed e 1 small-scale seta.

3. The eroea-a.r-ita constituting each act are curved,
symmetrical and discordantly related to the lower
bounding surface.

4a Ao Aj;a 11 Oy with thctn-cross—b» dding, it is only
possible to sc 4k discordant = lationship in sections
parallel to the axes of the scoops.
*hi. typ< 1is bundant in tht Lower Ecca Group of the
Southern Ficic ' as tor atTiplt at Ecca Pass, It also occurs

associated with fine-grained sandstones of the Middle Ecca

Group of th< Northern Faci-s.

Individual units rarely exceed 5 centimetree in
thickness, and cosets ar wusually less than 20 centimetree#
In certain units the crosa-ctrcta haw been considerably de-
form d is 1 result of slumping. Hamblin (1961) believes th t
this type of crosa-b 1Iding is for w. 1 by the subaqueous
migration of trains of small-scale,asymmetrical linguoid
ripples, 1in a shallow w it r .nvircnm-.nt. Thefa same structures

may equally Well b tro luced by turbidity currents under deep

water conditions,
Xi-Cro.j, -b. dilnh.
Xi-cross-bedding is characterised by the following -

1. Counts of nets which are individually large in scale,

2. The lower bounding surface of each set is a non-erosional
planar surface (see fig, 24).

3. The cross-strata —=xv discordint to the lower bounding
surfaces 1in all sections.

_4,_
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4. Thu constituent material iu llthologlcally homogonoous.

Exposutvex of wwhnt app ar to be Xi-crosa-bedding were
found in the -iddie Ecca Sandatone along the Vaal River in the
north-western part of the basin at outcrops 61, 62 and 66.
Individual units v”ry in scale from 6 to le inches and are
composed ol medium- to coarse-grained sandstone. McKee (1957b)
has shown that this type of structure occurs in the backshore

deposits )f some Ix aches.
Or. kror.- .'r:./-bBUing.

Croos-bt tiing of this type is characterised by the

following -

1. Cosets compos. 1 of large-scali sets (sc. fig, 24).

2, Tv low r bounding surf ice of each set is a planar
surface of rosion,

I* 2h oructo-strata ar 1. -or lant with respect to the
lower bounding ourfMa , i f ter® which can only be
seen in sections ] iraliel to the dip of the strata,

4, Th- croos-o trat i ir. individual acts of a cos. t all have
more or lens th. name ori.ntation,

5. The con 'it, rt t ri d 1 11thologic .1lly homogeneous.

Omikron cross-bedding is by far the most abundant
type fou. in the Mi idl Tcca Or up and ILow. rmost Beaufort

Brds of th' Northern Facl-s. Good examples occur at outcrops

79, 131 and 202 (sc, fold,r 7).

Individual units vary in size from 6 inches to over
4 fo, t, and cos ts may be as thick as 20 feet. Considerable

thickness variations often exist between acts, within coasts,

- and -
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and the constituent material is usually coarse sandstone (see

fig. 25).

Two schools or thought exist regarding the origin of
this type ot cross-bedding. The first believes that individual
sets were formed by the forward building of extensive banks of
sand in shallow water (Jopling 1963), while the second
postulate the iorward migration of large-scale .asymmetrical
ripple marks, with approximately straight crests as the most
likely expi in ition tar tht. origin of this structure. The first
possibility is considered to best explain the conditions under
which this fypc o1 cross—bedding was formed In the northern

part of the Karroo Basin.
Pl1-Croso-b diin/.
Cross-bedding oi this type constitutes the following -

1. Composed ofinterfir erlng 1 rgt-seal sctr (oo fig. 24).

2. The lower bounding surface of each set is a scoop-shaped
surface of -rouion, plunging at one end only.

3. Each out is composed of curved, approximately symmetric il
cross—, ' tr" ta.

4. The cr sn-otrata ar discordantly related to th. lower
bounding rurfac , a feature which is usually only seen
in sections parallel to the axea of the sets.
This typo 1s the equivalent of "festoon cross
bedding" and is v ry common in the Basal Sands tone Formation,
Upper Sandstone Formation and Lowermost Beaufort Beds, in the

northern part of th. basin. It also occurs abundantly in the

Lowermost B nufort Beds of the Southern and Western Facies,

- Thicknesses -



ThickncssoB of individual acts vary from 4 to 10
inches, while lengths of scoop-shapid erosional surfaces vary

from 1 to 16 ieet. Length ; br, adth ratios average 1.9

A number of explanations have been put forward to
explain the origin of this structure, but the writer boli- ves
that tu'h aut is tornud, firstly by the scouring of a scoop-
shaped depression by sub iquoouu currents and secondly, the
filling of av depression with a bank of sand under less turbu-
lent condition , Jitu fn ation of a group of these sets would
be achi. vva by repetition of this process. McKee (1962),
bi lievr 5 that this typ* oi structure is usually formed under

fluviatile conditions+¢
Me asur' a * Techni m-

4 *otol of -f,598 cross-bedding measurements from
616 outcrops were taken in the Ecca and Lowermost Beaufort
Beds. Appendix 21 an.:; irist g tht number of readings recorded
in differ- nt parts of thi basin. Previous experience (Ryn,
1963), had shown that cart should bo taken not to confuse
portions of trough crosa-badded units with planar cross-bedding,
when measuring the ori station of these structures, as this
may lead to spurious results. Therefore, th. only structures
recorded ,er- those which could b. established with a fair
degree of cert linty as belonging to cither the planar* or trough
types of croon-budding no defined by McKee and Weir (1953). In
the case of planar croaa-b dding, dip and strike of foresets
were rocord d using a Brunt,on compass and clinometer, while in

trough oroos—bedding orientation and plunge ol though axes

- were -



were measured. Only ic measurement per cross-beaded unit was
taken and an attempt was made to measure 5-10 different units
at each exposure. Reasons for adopting this procedure will

become more apparent when discussing the statistical treatment

of data.

At o'ch outcrop loc'lity investigated all or portion

of the following information was recorded -

1. The type of cross-bedding measured.

2. The thickness of each cross-bedded unit measured.

5, The dip and strike of one fore-, et from each planar cross-
bedded unit and the orientation and angle of plunge of the
axis of each trough cross-bedded unit.

4. Th length and breadth dimensions of units exposed in plan.

5. The attitude of the upper bounding surface of cross-bedded
units.

0. The nature of fore-set buds where observable in three
dimensions.

Although small-scale cross-bedding is a common
fo&turo of the flynch sequences within the Lower Ecca Group of
the Southern Faciest it was seldom measured due to the diffi-

culty experienced in distinguishing between planar and trough

types of cross-bedding.

B. Riri LE ih.n:.;

Ripplo marks ere the most abundant ptim try sedimentaiy
structures in the Southern and Western Eccn lacios, and arc also
common in the Lowermost Beaufort Beds. Howevert they are
seldom found in coarse sandstones ot the Middle Ecca Group in

the northern part of the basin. The various types ol ripple

marks encountered will now be described.

- Symmetrical -



Symmetrical Rirnlu Mark:

oymnetric’il ripple markn constitute about 90 percent
ci the typ a found and occur in the "allowing stratigraphic
units; Li Idle “ccn mt'ou ' o' the Northern Ecca Facies, Lower,
Middle and Tipper Ecca .-rougu of the Southern and Western Ecca
Facies, an. the nowermost Bcaufor" Beds throughout its outcrop.

These structures are mainly found in fine-grained sandstone and

siltstone.

The crests vary from gently convex to fairly sharp.
They are usually relativ. ly straight in plan, but sometimes
branch in a haphazard fashion. At outcrops 7, 36 and 94 (see
folder 3 and fi -. .6), single beds containing ripple marked
surfaces of ov r 600 square feet in extent were found. Wave
lengths vary from 0.3 to 40, inches and mplitudcs from 0.1

to 2.3 inches.

Mudcracks wore found associlated with these structures
in siltstones of the Lowermost Beaufort, at outcrop 8 (see
folder 5)» and worm burrows occur in ripple marked sandstone
of the Middle See i Group at outcrop 53 in the n rth-westem

portion of the basin (see folder 5)-

A common f ture of ripple marked surfaces of this
typo, in the flouthorn and Icstern Ecca f*acios, 1a that they
often contain trails, tracks and frngm nt Hl plant m tci'ial.
A characteristic of ripple marks in the northern portion of

the basin, 1s that relatively larger sand grains often

accumulate in the ripple troughs.

From the areal extent of these ripple marked

- surfaces -



surfaces it is apparent that they wore formed in an extensive,

relatively shallow, body of water.

Asymmetrical Ripple Marka

Asymmetrical ripplo marks only constitute about 10
percent of the types tound. They occur mainly in the Lower
and Middle tcca Groups of the Southern Facies and are occasion-
ally found in the middle Ecca Group of the Western Faciles (see
outcrop 1 0 , folder 3). These structures are rare in the
Middle Ecca Group of the Northern Facies and were seldom en-

countered in the Lowermost Beaufort Beds.

This type may be sub-divided into -

1. Those with relatively straight parallel crests and,

2. Those with curved non-parallel crests.

The latter are usually referred to as linguoid or cuspate

ripples.

Asymmetrical ripples with approximately straight
crests have wave lengths which vary from 2.5 to 30.4 inches and
amplitudes varying from 0.2 to 1.6 inches. They are occasion-
ally found occurring over wide areas on the surface of a single

bed, as at outcrop 90 (see folder 3 and fig. fV).

Many of the crests ere only slightly asymmetrical and
may easily be misinterpreted as being symmetrical in r , n.
Those structures occur in fino sandstone, argillaceous r,lt-
stone or shale. Their surfaces often contain trails, t acks
Mid fragments of plant material. In section, asymmetrical

ripple marks are cross—strati fled (see iig. 28).

- This -
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This type of structure is usually formed in relatively
shallow water by sieet-like currents, with the asymmetry de-
fining the direction of current movement, but has also been

recorded in turbi dite sequences, which are considered to have

accumulated in deep water.

Exposures of linguoid ripple marks wore found in fine
sandstone at out x)ps 21 and 57 (see folder 3). McKee (1957b)
reported ripplr ?ko of this type in channels of concentrated
water movement, on present day tidal flats. They are also a

common feature of flysch sequences in geosynclinal belts.

Interference Ripple Marks

This type 1is abundant in fine sandstone and siltstone
of the Middle and Upper Ecca Groups, in the south-western
corner of the basin (see fig. 29). These structures are
thought to result when two sets of symmetrical ripples, formed
at different times, intersect each other at approximately right

angles.

Sand Wavos

There is no standard definition delineating the lower
size limits of sand waves (Potter and Pettijohn 1965« p. 99),
and conseqgi ,..tly it was decided to accept any rippled surface

with wave lengths greater than three foot as being a set of

sand wavos.

Such structures only occur in the Middle Ecca Group
of the Northern Facies (see fig. 30). Wave lengths vary from

3 to 5 feet and amplitudes from 12 to 20 inches. Crests are

- fairly -
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fairly straight in plan and symm tricnl or asymmetrical in
section, iho lar’c.- iinoar sandstono ridges on the floor of

the number seam in the Vitb nk Coalfield are probably sand

waves,

Structures of this type have been reported from
shallow marine shelves, but arc most commonly found in a fluv-

iatiie environment.

Measurement Technique

A total of 1tW07r ripple marks from 210 outcrops were
collected in the ccn and awennost Beaufort Beds. A summary
of the number of measurem tu and outcrops from different

partsof the basin is given in appendix 21.

At each outcrop of r pple marks, all orportion of
the following information was recorded -
1. The type of ripple marks i.e. symmetrical, asymmetrical,
etc.
2. The strike of ripple marked sets.

3* The wave length and amplitude of ripples on a set in order
to calculate the ripple index at each outcrop.

4.The areal extent of ripple marked surl cos.

Only ono measurement per set was takenand 2 to 10
different seta were recorded from asmany different beds as
possible within the .nme outcrop.There is usually very little
angular difference in the strike of ripple marked sets at a
single outcrop. However, 1in the south-eastern corner of the
basin, strikes of ripple marks lio at large angles to each

other in successive bed:; within an outcrop#

_C*_
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C. 30LI' MARKS

ode m .rko ol v irious types are fairly common on the
undersides ot many sandstone and siltstone beds in the Lower
Ecca Group ot the oouthcrn Ecca Facies, particularly in the
eastern and cent r’1 port ions of the Karroo Trough. Structures
of this type are usually found associated with the flysch facies
of geosynclir. 1 sequences and re now generally accepted as being
indicative of turbidity currents (Kuonon 1957)e Those structures
are always developed at the interface between sand and the under-

lying mud.

Groovy Casts

Groove casts are most abundant in the Upper Arenac-
eou ’ Fora* tion, but also occur in the Lower Argillaceous
Form tion. Found on th undersurfaces of sandstone and silt-
stone beds, they rest on shale with a sharp contact and arc
obviously the cnsts of original grooves and striations which
once existed in the underlying shale. The casts range in size
(figs. 31-VO from faint hairlike ridges to long linear ribs,
over 4 fo<t in . ¢ -th, : n inch hlrh and over an inch wide.
Spacing b tween individual grooves 1is variable. Two or more
sets of different ages with slightly different trends may bo
observed on the namo sole (fig. 51)» hut in general a marked
Parallelism exists on y one surface. The sides of casts nr
usually cl an—cut and show no marked dimensional changes within
a single exposure. Minor striations often occur on the surfaces

of large casts, and usually trend parallel to the axis of the

latter (see fig. 32).

- Nowhere -
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Nowhere were the original tools, responsible for
producing the groove 'cd siriations, found at the down-current
end ci t!.O«"" otiw uurus, but it is Jjresumed that they were

angular shale fragm nts so common in these beds.

Gro "' c¢ sir, in ‘he Ecc ; Gorins are thought to have
formed by the drag in g dimcntary debris over the undor-
lying shale surface, by th transportinr currents, at the time
of sedimentation. Dz .lynski and Walton (1765), attribute the
linear nature of th. s.. structures to the longitudinal trans-

port conditions prevalent during turbidity flows.

Brunc'c.d In 1 C .te

These structures occur s narrow discontinuous ridges
on th und r surfac s of fine sandstone and siltstone beds, in
the Lower Ecca Group of the Southern Facies* They are more
numerous 1in the eastern portions of the Karroo Irough and are
usually found in association wi : ~rx:ve c 'sts. Bounce and
Prod casts appear to be genetically related in that they are
considered by Potter and Puttidohn (1963) to have both been
formed by obj ct.s intermitt ntly str’king the depositions!

floor, as they were transported by the current.

Bounce casts vary in length from a few millimetres to
over 2 cent'nwv tres and thin out to sharp point s at either end
(sue figs. 33 ad 34). They usually lie approximately parallel
to the groove casts where they occur on the same sole (see fig.
34). Duo to their symmetrical shape, these structures only

indicate n line of sediment transport and not a sense of

current movement,

- Prod -



Frod casts vary in length from 0.5 to 2 centimetres.
They are asymmetrical in longitudinal profile and fairly
straight 1n pKui. env end in h unt, -md w(.' upcurrcnt end
tapers to a ah"rp Iaint (sc fir. b53). lrod casts usually lie
approximately p r llcl to groove and bounce c sts on the same
sole and accordin - to Spotto End V/vsor (10 (A), may bo used as

reliable indicators of current direction.

Flute Ca "3

Flute c¢ sts occur infrequently and were only found in
the Upper Ar . icvous Formation, it the eastern portions of the
Karroo Trou n. These structures arc tongue-shaped bulges on
the under surfoc s of firs sandstone; polished sections of
of casts vary xrom a ? to 1 inch. Depths v ry from 1/10 to i
inch nd breadths from « to f inch. Flut casts arc occasion-
ally found on the came soles as groove casts where marked

parallelism usually exi its between the tw

On the b- air. cf exporimort 1 studies, reviewed by
Dzulynski and Walton (175) , it has h n shown that these

structures are formed by the or 1live action c' vortices im-

pinging on an uncon lolid' t, 1 mud f1 or.

Ch. vf'tu y-irkn

Examples of what are considered to bo chevron marks

(Dunbar and Rogers, 1957, P* 195), were found in the Upper

Arenaceous Formation at outcrop 63 (see fig. 58.

In plan those structures are V-shaped and according
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to Dzulynski ond Wnlton (1965, p. 102) their convexities point

in the downstream direction.

rhvy re 1lw:yr related to groove casts and occasion-
ally h -f-clicvili n ii 1%es are found only on the one side of a
groove (sou xig. 50 , Theso structuios are thought to hove
formed by th wrinklini up of coherent mud on the sides of grooves

during their initial cutting (Dzulynski and Walton, 1965).

Measurt merit Tec hni me

Groove carer arc the most abundant substratal linea-
tions recorded (see appendix PI). These structures only give a
line of movement, but 'ssociatod flute and prod casts on the
same r.oler w re ed t obtain a lirection of current flow.
Groove casts ': 1l other substr tal line' tions nr- usually so well
orient ted on a p-rticulnr sole that one or two measurements are
suffici at. An tt yrt was ic to me sure sole markings from
differ tbeds at cl x sure. 1 general, the orientation
of sole structures is f irly const nt for different buds with-

in the s-me outcrop, but may differ considerably between widely

spaced outcrcpn.

. follow! n information wan recorded at each ex-

posure of sol- mart. Inos -

1* The azimuth of trv S'le markings, as for cx mple groove
casta.

P. The current d. ret ion where possible, as indicated by
as loci'-t. d structures ""ch as flute and prod ce-.ts.

D. Floor n GTIdICTUHKG

The to m Vucoid structure is generally used *n a

- non-spocific -



non-spec if -¢c w 'y 1 >describe burrows, roots, trolls tc,
(Fettijohn IotV(:r, 1lr;04, p. $08). However, in this dis-
sertation 1 is u. od to describe linear casts, of what were

probably oriiinaily the impressions cf plant stems 1lying on the

sea floor (sve fig. $7).

Pucoid structures are common in the bluish-black
shale throughout the Central Ecca Facies and also occur in the
Lower End Upper Ecca Groups of th Northern Facies. They are
occasionally ncounterod in the Lower Ecca Shales of the Western
Facies. Fuc .ids rest commonly occur as olia.tly rrised, linear
or gently curved casts on bedding plane surfaces. Lengths of
individual structures vary from $ to over $6 inches, and widths
from a € to 3 inch s. In transv roe section the ¢ ts are lenti-
cular in e and have maximuir. thicknesses varyinr between 0.1
and 0.5 of an inc: . The coastitu ,+£ material is usually clay or

fine silt.

Occasionally fucoifs ar so-in lying; across each other
and individual:', may display bifurcati ns and semicircul r term-
inations ( te fig. $8). The rurf co is usually smooth, but small

crescentric ridges r>sombling casts of leaf attachments some-

times patt rn the xt -ior.

In thonc portion.; of the b-ain where tho Ecca Series
ia compooed olmoat antirely of shn ie and good expoanica nik
confined to the major drainage lines, it h cam ' exceedingly
difficult to find directional otructureo. Initially it wan
thought that the abundant fucold structures present in these
recks had no preferred trend, but further examination revealed

that ttn.y usually display a bimedal orientation and were

- probably -
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probably tli»,noki oitho:' par'l' ]. 1 or it right angles to the
prcviilinr; current Bt th time of d. position. V/hilu it in
admitted th 11, fm e i structures 1ire certainly not the bust
indicators ot p 1 i rurrent dir ction, it was decided to measure

their orior t ti n in vi w of the rarity of other more reliable

directional str .crutw..

An '11 4 w . rel, to me ..,ure the orientation of at
least 40 fucoids i e *h Mx;e.urv, althou h this w s Seldom
possible, An vffort w . ;o md-—- t ac sure fucoids from

the numb r of re dines r corde. in different portions of the

exposure -
1, a “m: ¢ ti - af 1 1T t f,c ii..
>, +..,1 nrtha f 'x] ., 1 porti ns r fuclidr in order to

calo.lt the m an 1 .*' f -r ach . rrop.

E. i,h,;; ", ;.i-..v:hi;IL;

C erta.in uni for:: Ly bedded s ndstones contain delicate,

elongated ridr s and furrows with 'in irrefl'ular autlino on td.eii

motr thick and arc most easily seen in obilp:c lie.Ming Uice
fig. 36).
Yuakel (1'KJ, P. 1,75) found a close rcl-tlonship

between the trend of parting lineationfl ana intorrnal grain

fabric, thereby showing that those strictures aro of prirnry

sedim .ntary origin.

- Parting -
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i.'.rtin*, 1iiK itIons occur in rine-p;rninod sandstones
8y
Th*y 1m1c £ ill,' 1H" 4 in Ine Lowurirn.t Bouufort Beds and are
s1
i .

usu' 1ly occur in .i.icci tion vith cro ;) ~beddingt ripple marks

and conte'.'.pcr :@v us crrsitn c mnedJ, t! reby suggesting that
Alt dond. 1 L.~ lin. 1lions only indicate a line of
current s.ov :ent, they weri : -toured wnercvcr encountered in
the £1 11. A tot : of 61 :cee.surerents from 12 outcrops were
orientated or. - sin.*!*: 1 .&diz.~* plane a irface and therefore
was reit tc - 4y ir aotii r lit ations ciat 1 nt throe
diff t o i - T I -—a = I.
j v
Gr d d b 11:: (I ttijohn nnu Potter 1964, ] . HO)

is a com: on .odii: nfary structure in .ost gr'.ywncku smdst.oru.s

However, du. % the fin - r ia d * tu™- ] r(ckn it is
not always ¢ ally -b. rw*d, exc>;! Il 1r"s" "r P@Elln.nal
surfaces. Grading is e¢-0: ly r c vn=red in thin beds sand-

stone which rad ra, idly into 1.

Graded bedding is now thought to lorn during the
down-slopo novom nt of a turbiditycu rent (Dzulynski and Walton

1965). The heavier coprser grains tend to collect in the fore

_Of_



of the current whil thv lighter and smnllur particles remain
above <'~d b B ind. ,'ith a duere & in v locity th ffrAna begin
settling out nt my ore point-, according to r.izo; nd are de-
rived from positions progressively further to the rear of the

current.

G. ! - ' :dor S

lhr ff =3 bl conglomerate occurs in the Lower "nd

Upper Lee drour>f the iriti. a. Facies, and the Upper Been

of the Lowerr; set Be ifort Beds in the southern half of the

b' sin.

Corglor. -r- ' ;s vary in thickness from a few inches to

but conglomerates composed almost entirely f! angular ir ig-.vnts

3h bbl ¢ a lorerat. a fori by penocontenpornnoous
fragment etion and redeposition during the 1iying d wn 1 1

tion#

from svvor 1 differ nt proc rfos., of which th< following ire

considered to be the most common -

con 1a, r t



2. Durin deposition of int rLvddud rr yw ckv-sh 1lo sequences,
eh'ir-ctorintic of flynch d, ;o::iir..o, sub-'iquvous fragmen-
tation of shnle boas by turbidity ourr nts 1s thought to
t ike pi co (huenon nd i t\ n . cited by Petti,John 1957,

p. 277).
Th« first type of process is thought to best explain
themajority of the shale-pebble conylon, .BRtes in the L womost
;les,
the second process 1is considered to have been operative during

deposition of th flysch s: luences in the Lower Ecca Group of

the Southern F icic:.

K. ;odm s

d;. rical as pits ire very abundant in fine-grained

Th.jo structures arv f<and assocl ted with ripple

ExcKllent xanplos of cone-in-cone .tructure were
observed In th ¢ 1lo ir, ous nodules and thin buds of 1limestone
of the Lower Bee- Group, Western Proles. These rtructuios

occur as invert d cones with their axes normal to the bedding.



J. DEFvXv: .. T: - m 3

Thi ction d "Wz ;ith priraary sedirrivnta.ry structures

end bed tin w.. & h'iV'ebo n ! £ riu d ¢ nt»;hporrnoously, or

shortly ofter d pcoiti n of th o Mir.unt:

Load dtrn.-t ir.

Th t r:."1 structure" h s recently been proposed

;0 to "l oad cast".

Hi1

where thcs, rest ccnform-ibly or disccnformubly on sh le (see

Facies of the .2ccu edurivy end ccur extensively within vAvV

trtir

Tlu depth of tlesi f itiurea rorit > froi n few inches

to over 5 foot -H4-4d tin constituent r.itoriol v tries fror. line to

Ku non (100 ), woe the first to draw attention to the
presence of florae structures in the Lower Lee tiroup te. r
Leingsburr: and th se features have since toon found to occur
extensively within this unit, both in th, southern outcrop
b it -nd along the Wild Coast. Fiona structures ore com-

plementary to load structures and are always found closely

- related -
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relied to the latter. They represent mud plm 2! sop' rating

the load casts at the sand-::hale interface.

Load str .cfcurvs nix p norally eecc—ptod as having boon
forr cd by the tinequal loadin ; of hydropl stic r.uds with coarse
clastic nat rial. Phese structures are commonly found assoc-
iated with turbiditc sequences (Kucnon 1964), but are not

te
of flute an1 Toov. n .its displaying the effects of loading

11
most sole marks examined showed no si,;n of deformation prior to

consolidation.
Bf 11-'-ad-: j1l1 "w structure

Tall-ai. ipdl'. v str rares occur in the Northern,
Southern ond Vest :-m Ecco :icii s ng for cx-nplo nt outcrop

(cor. folder ?). They occur Ir. the bnsnl portlona of crrtoxn

, Where t . Ball-
ond-plllow structures r. usu-.ely hrnlsphc rlc-1 or kldnty-
shaped, and ranre in size Iron 1 inolu:. to ox(.t three
Occasionally pillows are- aeon completely isolated in a r.ntnx
of stv le (so. fig. 45). lotter -nd Pettljohn O' -X have re-
viewed the various theories relating to the origin of this
structure. and conclnd that if " violent shock is applied to
an unconsolidated layer of send, resting on . hydroplastlo

layer of imd, then the send layer will plunge into the mud

Earthquakes are visualized as having provided the "violent

shock" in naturee

- Convolute -
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nnnvolnt- n.li 'n

C involute Inclinations ( jandora I1960) are characterized
by contorted '&d folded patterns within a bed of fine sandstone
or siltatono. These units .re usually 2 - 9 inches thick and
can be traced for considerable distune .3 in outcrop. Such
structures occur in the Lower Ecca Group of the Southern Facies

and ;ood ex .nples occur 1in tee cliffs 1l mg the Wild Coast, both

north and south of Coffee I y.

1ri > to conp' -ition the convolutions were underlain by

undisturbed 3 ninr ¢ ad r rgv upwards into approximately hori-

zontal bedding. The axial planes of individu-1 anticlines nd

In the expoaur 3 examined, there does net appear t b. my

current thinking on tin. origin of convolute 1 .r.inrtion end
conclude thot this structure m-.y be fornod in i nve.bor of

different vnye, but is 1 rg ly s response to verticil stresses

been reported aninly fr u turbidito sequences (Wood end Snith,
le, 1962,

presence of other typical turbidity structures, such as solo

marks, in close association with convolute lamination further

suggests that the Lower Ecca Group of the South, rn Facies 1is

a typical turbidito or flynch sequence within the fapc-Karr.m

Goosynclino. The trend of these structures seldom bears any

relationship to the paloocurrent dlreeti

- Slunp



stump Structures

Potter ind Iettijohn (1%3, p. 155) apply the tern
"slump structure", t <sediments which IvVv undergone literal
movements, gen rated by t: Bf rev of gravity. A variety of
slump structures occur 1in the Eccn rnd Lower:ost Beaufort Beds.
fig, 44) were ob-
served 1in coarse- to medium-grained sandstone of the Middle

Eccn and Lower >st Be ufart Beds in the north-east m portion

The rotes of t ;usv structures appear to be orientated parallel
to the sedimentary strike and many were probably formed by

the overturning of cr uis-bedic. 1 strata.

Slump structures 1o not characterise any particular
depositions! environ ,at, but re found associated with tec-
tonically unst ble areas, such as geosynclinal basins and

where sluri Inr ik 1L,v to ¢ " ‘r.

Slump structures are f 'irly common in the Low« r -nd

Upper ECO Groups of the Southern Fnciee ond also occur in th

These structures arc composcd of a chaotic mixture of fino-

during subaqueous turbidity t1 wn.

d'tndaton'. Dyk*.r, and -'iil 1jl

Sandstone dykes arc crumpled sheets of sandstone

contained in cross-cuttinn finsures. They -arc formed by the

- injection -



injection of quicksar during: thu deposition of a sedimentary
succession. D st structures arc fairly cornion in the Lower
Been Group of t! , £ ithvri B ! ai 1 as already st tod, ex-
cellent examples occur at Coffee Bay in the Transkei (sec fig.
46) . They vary in thickn s: from /i inch to over 2 feet and have
vertical ext nts of 1 "C feet. Compaction wrinkles occur in
most steeply dipping or vertical dykes indicating that they were
injected into soft, hydroplastic sediments prior to compaction

(set fig. 47 1.

In tk Wxv '';r s at Coffee Bay, sandstone dykes
either sh w B as-cuttin. relation, tips to, or originate from,

3xc 11'at wvx Ivs f c :Iston- sill:; (se« fig. " ) *Nno

Exposures of sandstone sills at Coffee Bay varied in thickness
from t inch t ov r 4 feet and thickness variations within in-
dividual sill. i. a common feature. The origin. [ :0tit sand-
stone dykes and sills h o he ¢ ascribed to earthquake shocks
(Dzulynskl and W 1'on, 196S). These structures are most
commonly found associated with flyoch sequences in rapidly

subsiding geoayncMnnl basins.

K. MIiiif./. or '' idH: (-'i'/.G& £'f. .13.0)

Thu apparent rarity of invertebrate fos.ilo in the
Ecoa Series makes it important to obtain ns much information
about the type of min-1 1ifo that existed in this basin, from
a Study of the .vail: ble burrows, tracks, trails and impressions

preserved in these rocks. Collectively these are referred

as tr 'Cc fossils (HHntzschol 1 0.).



Worm -—ejurrowr,

'W'omm burrows nro the moat 'ibund nt trace fosailo in
the ucca. an. were encountered in <11 four facies. They are
most common throu hout the Middle deca Group of the Northern
Facies where they are found associated with shallow water
structures such as larno-ncnle planar cross-bedding and ripple
marks. In general they become progressively less abundant to-
wards the south-west of this facies and are rarely encountered
in the Central .cca Facies. Worm burrows associated with the
Northern £fccn Facies are very characteristic. They are seen in
plan as lir t-coloured circular structures, usually containing
a central core, (see fig. 52). The constituent material within
the casts 1is fine even—-grained sand and is usually devoid of
organic matter, although they often occur in carbonaceous sand-
stone and siltstone. In section, they usually lie normal to
the bedding and vary in length from 1 to 15 centimetres (see

fig. 55). Most burrows taper slightly towards the base.

}eculior bifurcating structures which may be worm
burrows were found in the lower Ecca rrour h 1 mile “outh of
Umtnta Mouth in tie Transkei. They are cl iractericed by a
lateral groove and the tendency to lie approximately horizontal

to the bedding (see fig* 5"').
Tracks

This term is applied to spoor made by various animals
The most common type found In the Ecca .cries arc considered to
be crustacean tracks. These are represented by twin parallel
lines of claw marks, which occasionally extend across the

entire outcrop of a bedding plane surface (see fig. 48).

- They -



They also occur in cherty shales near the base of the Central
Ecca Facies, as for example at outcrop 37 (see folder 5), and
similar tracks occur on bedding plane surfaces in the road
cuttings near Laingsburg, These tracks closely resemble the

genus copoza (Httntzschel, 196J, p.w. 191).

Parallel <crescent-shaped ridges and depressions,
aligned in rows about three to five inches long and i1 of an
inch wido are occasionally found in the Central Ecca Facies
and in the T'nmper Ecca *roup of the Northern Facies (see fig.
¥ ). The origin ef these features is uncertain, but they may
have been produced by some creature which used its crescent-
shape; '""ail to propel it alonr: the mud floor of the basin. On
the other hand these markings nay represent the resting place

of a segmented animal.
Trails

The most interesting trails found in the “cca series
are the parallel regularly sinuous grooves first described by
Haughton (192%, p. 13) frcv the Middle Ecca Group, north of
Grahamstown. Durinr the present invest!rations these same
trails were found to occur abundantly at different st.ratvt raphic
levels over extensive areas of the Southern md ve tr 4 xca
Facies, Grooves are usually about 1 millimetre drop and
widths between pairs vary from 9 to IB millimetres (ice fig.

50). Wave lengths vary from 5.8 to 12.0 centimetres and
amplitudes from 12 to 18 mill. "tres. Individual groove pairs

cross each other in a haphazard fashion and show no preferred

trend.

From the periodicity of these trails it was

- concluded -



- 119 -

concluded thnt they were formed by the ventral fins of fishes
as they swam along the floor of the sen. A linear relation-
“hip always exists between width of track, wave length and

amplitude, and it concluded that the frequency of body

movement was less in the larger fish.

Irregular, curved grooves about C.5 millimetre deep
and r to 2C millimetres long are abundant on the surfaces of
many shale and flagstone bedding planer, in the Southern,
Western and Central :cc Facies (see fig. 51). Occasionally
casts of these same features are encountered. The majority of
these structures were probably formed by small worms, but a

few closely resei.ble the trails left by small gastropods.
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Cn the bnsia of lithology and paleocurrent directions
the Jcca oerlea has been subdivided into the Southern, Western,
Northern and Central Facies. Furthermore, it has been pointed
out that the sandstone formations within the first three facies
Sra ¥ " o 4 succession componed almost onLiroly of shale
within the C'-n ral portions of the basin. Additional evidence
will now be presented to show that these three facies - in
whxch sandstones are a —irdant — were derived from separate
source areas and have distinct paleocurrent patterns. Other
sedimentary properties, such as facies charges and average
grain size of sandstones will be discussed in relation to
these paleocurrent patterns, Regional sediment transport
directions and provenance of the Lowermost Beaufort Beds will

also be discussed.

A . PREVIOUS irr/h:;rDATICNS

A comprehensive review of previous paleocurrent work
done in the Karroo Beds of South Africa and South West Africa
has been given by Ryan (1%7) and therefore only a summary of
the meat important contributions pertaining to the Ecca and
Beaufort Series in given here. The subject will be dealt with

in stratigraphic soquc.ee and Jn chronulc.*ic?i order.

Du Toit (191,,), 1in an important contribution deal ing
with the stratigraphy of the Karroo System believed that thn

source of the Ecca sedim-.nts north of the Cape Folded Belt -

- between



between Matjiesfontein and Grahamstovm - lay well to the south.
Referring to the Midiie Ecca Group of northern Natal he stated:
"An important point is the universal false-bedded nature of the
grits, the dip of the planes being regular over a great area
directed west or south-west, indicating for the sediments a

source lying within what 1s now the Indian Ocean".

m.9£S N , Kent (1933), King (19d-8) and Blignagt
(1?01) all confirmed Du loit's original observation viz. that
the Middle Ecca sandstones in Natal were derived from a source

area lying to the east and novth-eact.

More recently, Koen (1956). on the basis of heavy
mineral studies, suggested that the Archaean granile-gneiss
of the northern and eastern Transvaal and Rhodesia, constituted
the most likely source for the isolated occurrences of Karroo
sediments 1in the northern Transvaal. Vlsser et al (1958)
believe that the Middle Ecca sediments north-east of Volksrust
in the Transvaal, were derived from a general easterly

direction.

Dealing with the hypothesis of continental drift in
the light 01 recent advances of geological knowledge in Brvzil
and in South Vest Africa, Martin (19Gl), believes that the
Great Karroo Basin was probably closed in the west during
Permian times, and that the Windhoek Highlands formed an
effective barrier between the Kalahari or Great Ké&i"oo Basin

and the Huab Basin in the Kaokoveld north of the Windhoek

Highlands.

On the basis of cross-bedding studies in the Middle

- Ecca -



Ecca r.andstone @ the north-western Orange Free State, Behr
(1162) conclud< i -.,at the acdimj.nve were de.ri*f”" i rom a generel
northerly source. Do Vi lliers and Uardonnh (1962) studied
heavy-mineral suites from the IJcca Series of the main Karroo
Basin, with a view to determining the provenance and nature of
the source rocky. They concluded that the present pre-Rarroo
basement rocks of Souch Africa could not have provided the
consistent]y garnetifcrous Karroo sediments, and on this basis,
postulated an extra-continental source. In a paper dee ing with
turbidites in South Airicn, Kuenen (1903) believed that the
direction of transport in the Lower Ecca sediments near Laings-

burg was variable, buc mainly from the south.

Mountain 11945), in his presidential address to the
Geological Society of Soutl Africa stated that cross-budding
dip directions in rocks of the Middle Beaufort Series north and
south of East London indicated a source area to the south-east.
Vlsser et al (195h) believed that the majority of the cross-
bedded units in the Lowermost Beaufort sandstones in the wvicinit;
of Volksrust dipped to the west and south-west, thus indicating
a source for the sediments lying to the oast and north-easi.
Recently, Kings! ey an I Toor”n ( ) ccncluicd that tho T.u ,ea-
rmest Beaufort Bods of the central and southern Or * . Free
State were shed fror, a southerly source, and that associated

orkosic material was derived from sedimentary and ginnitio

rocks 1n the north.

crn
B. CORRECTION OF DATA FOR TECH NIC TIRT ANI ARl 1 1FU — UT1i-

In the previous chapter, the field measurement of

- directional -
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directional structures was described in considerable detail.
The methods used to correct this data for tectonic tilt and

the application of statistics will now be discussed.

1. Correction 'i Data for Tectonic Tilt

Frior to the statistical treatment of directional
structures the necessary corrections for tectonic tilt have
to be made in order to restore the beds back to their original
position at the time of sedimentation. The Southern Folded
Belt and the Nacal Ncnocline are the main areas where the EccRr
and Lowermost Beaufort Ends have been subjected to tectonic

disturbance.

Ramsay (1961), las discussed the effects of folding
on the orientation of sedimentary structures and has dea*i with
various methods of compensating for tectonic tilt using a
stereonet. In the case oi cross-bedding readings, the method
described uy lotter and Pettidohn (1963; p. 260) was used to
correct for tectonic tile in beds with structural dips in

excess of 3°e

The Ecca and Lowermost Beaufort Beds have been
affected by flexure or concentric folding in the south and
individual .olds have gentle angles of plunge. Therefore it
was seldom necessary to make any correction for plunge, and
the various linear primary sedimentary structures such as
groove casts were untilteu about horizontal axes. Ramsay
(1961;, found that azimuths of bedding 1J.ano lineations, luch
as groove casts, arc only appreciably aiiectod in strata

dipping at rnglos in excess of 25°¢ Therefore, linear

- sedimentary



sedimentary structures were only corrected for tectonic tilt

in strata which had structural dips in excess of this figure.

2. Apflied Statistics

Cross-beddir-

Due to the fact that cross-bedding azimuths at a
particular outcrop often have a wide scatter, it is preferable
to calculate the vectoral mean orientation rather than the
arithmetic mean (Pincus 1956). Therefore, at each outcrop
locality the vectoral mean cross-bedding azimuth was determined.
Where planar and enough cross-beading occur at the same ex-
posure, the directional data were grouped together and the
mean determined. Throughout northern Natal. the vectoral mean
was calculated using the mathematical method describe * by
Curray (1956), but this procedure was too time consuming and
therefore the graphical method first described by Rcichc (1938)
was adopted to determine the vector.'l1 means for the remaining
outcrops. In both methods, each cross-bedding measurement was
given unit vector and *he results obtained using the graphical
method seldom differed significantly from those derived
mathematically, except where the number of measurements
became large. Therefore, the graphical method was not applied

to outcrops with more than 10 measurements.

In the case of the mathematical method, the north-
south and east-west components of each cross—bedding vector
are computed by multiplying the magnitude by the cosine and
sine of the azimuth respectively. These components a”e then

summed to give the components of the resultant vector, which



has r. direction and a magnitude. Roiche (1938) used thg
vector L.agnituio divided by the number of observations (con-
sistency ratio), as an index of dispersion; a parameter which

may also be determined graphically. The calculation procedure

is outlined below;

N - 3 component = E coa O
n
S - W conroonent B I o0in O
n
sin 9
tnn 9
cos 9
I sin 9
arctan  Cus G
n
i +
r / ([n 0in9) 2 (zn cco0) 2
L * |_
"n
Wliere: 8 = azimuth from 0° - 360 of each observation

cr -roup of observations

8 =azimuth of resultant vector

n *observation vector magnitude or, 1in the case
of grouped data of unit vectors, it isthe
numbei of observations in each group

r -magnitude of resultant vector

L *consistency ratio

Both voctoral mean and consistency ratio were de-
termined for each outcrop and the results summarised in

appendices 2, 6, 10, 14 and 1le6.

A number of investigators have measured standard
deviation or its square the sample variunen, as an ”“nnox of
the dispersion or variability of cross—boddjng diroction.il

data, Curray (1956, p. 120) has pointed out that wvariance i.y

- only -



only bo calculated lor directional data on the assumption that
the measurements bear a linear normal distribution with respect
to the mean. In the majority of outcrops investigated, too few
readings wore recorded to be certain that the data have in

fact a normal distribution and therefore it was decided to
determine the conoid toncy ratio in preference to the sample

variance.

On commencement of the fieldwork in the north-
eastern portion ot the basin, an attempt was made to determine
the degree of variability of planar and trough cross-bedding
at different levels of sub-sampling, In order to gain some
idea at what level maximum sampling effort should be directed.
Sample variance 1s calculated using the formula given by

Potter and PettidJohn (1%3, p. 2S4).

Sx * i< / - 1)
Where: = individual cross-bedding azimuths
X = vector moan of all the observations

n B number o observations

TABLE 13

SAMPLE VARIANCE FOR DIFFERENT
A ("T-TTj-CAin I-TD'T

A. PIATIAR CROSS-BEDUJR'i H: fh/PI Fi/JA

Sub-samniing level dub-sampjr varUnpe

Within a single cross-bedded unit —0

Between cross-bedded units with'.n the
same outcrop (one measurement per unit

and 40 units per outcrop) *

Between outcrops spaced 3 to 6 mi loo
apart (10 measurements per outcrop and

20 outcrops)



B. THA [JPPKR :\iJUNTUNE FORMATION

Gxib-samrl imx lovol hub-sample variance

Within a single trough cross-bedded
unit Nil

Between cross-bedded units within the

same outcrop (one measurement per unit

and JO units per outcrop) 324

Between outcrops spaced 10 to 20 miles

apart (10 measurements per outcrop and

15 outcrops) 1,544

From table 13 it is possible to draw the following
conclusions -

1. Both planar and trough cross-bedding have fairly low
variances between outcrops.

2. Variance between se dimentation units wi uhin outcrops is
low for both pi .nar udtrough cross-bdling, but
particularly so for the latter.

3. Variance withina planar c”oss-beddedunit isvery email
and for .xos of troughs is nil.

By comparing variability of cross-bedding data in
the Ecca Series with results obtained by | otter and Olson
(1970 and Potter and Siever (1956) it was concluded aat one
measurement per unit, 3 to 10 units per outcrc’ 1d one out-

crop every 3 to 6 miles would be more than ndt for the

objectives of this study.

In order to determine the degree of vortical
variability of paleocurrent trends within the Ecc' and
Lowermost Beaufort Beds, cross—bedding measurements wore
recorded at differ* nt strotigraphic levels in thu Biggersberg
and Elandsberg sections of northern Natal, iho data were

grouped according to strotigraphic position as shown in table



14 and the sectoral noan cross-bedding; direction calculated
for each stratigraphic group and compared to the vector mean
7l the entire section. The results are presented in table 14
from which it may be seen that the deviation of the sub-sample
means from the mean lor the entire section is less than 68° in

the Biggersbeig section and 53 in the Elandsberg section.

TABLE 14

VERTICAL VnLIATION Ov CROSS-BEDDING

DIGGERSBERG SECTION

Voctoral Mean Vectoral Moan

Stra%;%gaphlc alr S 1h-—samplo of Section DPifference
Lowermost Beau- 209° 210° 1°
fort Beds

Above coal e 261° 210° 51°
formation

Within coal 214° 210° 4°
formation

Below coal 157° 210° 53°
formation

S -I\D. BERG SECTION

Lowermost Beau- 218° 216° 2°
fort Beds

Above coal * 148° 216° 68°
formation

Within coal 2)3° 216° 17°
formation

Below col 2)4° 216° 38
formation

* Planar and trough cross-bedding grouped together
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From tho above results it was concluded that cross-
bedding directions of partial sections are fairly reliab]le
indicators of current, trends within the entire Ecca—Lowermost
Beaufort section o] northern Natal, Except in those portions
of the basin where more than one current direction prevailed,
the sampling procedure used always gave results comparable to
those obt inod for the entire Eccn-Lowermost Beaufort successicr.
Numerous investigators have employed two dimensional moving
averages to show the areal variation in cross-bedding orien-
tation (Potter and 3lever 1956, Pelletier 1958 and Ryan 1963).
In this study an interpretive paieocurrent map based on all
available directional evidence was used to summarise paleo -
current patterns on a basin scale. It was decided to apply
this technique for th following reasons -

1. Th, density of out rop localities 1s variable and 1in some
areas croas-bvd lin was completely absente

2. In certain portions of the basin more than one transpot
direction prevails, nd therefore the application cf a
moving 'V' r-i*e wo *1 1 give ixrningles. result.

3. The region 1 nature of this study and the lack of precise
stratigrvphic control.

Pelletier (1958) found an increase in tho varia-
bility of planar cross-b dding data in tho down current
direction. In this study no attempt was made to investigate

regional changes 1in consistency ratios of cross-bedding for

the following reasons -
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2. The pre-Knrroo topography has a greater effect on the
current trends in the Middle Ecca Group in tie northern
portions of the basin, than farther south vhere consider-

able tnacknessee ot Dwyka 1'illite and Lower Ecca Shale
intervene.

3* The lack of precise stratigraphic control may involve an
additional number of variables which would further

complicate the issue and lead to a misinterpretation
of the facts.

Linonr Structures

In the case of ripple marks, parting linoations and
groove casts, the mean orientation direction was calculated

arithmetically, as t s: read of data is usually small.

The azimuths of fucoid structures at each outcrop,
were plotted on rosv diagrams (see folder 12), from which it
can be seen that ¢ preferred bimodni orientation exists for
most localities. The arithmetic moan for each mode was
calculated (see appendices 3 and 9) « At 75 percent of the
outcrops the fucoids were either orient Led approximately HE. -
S.V. or N.W. - S.E., th reby su —xesting that the original p.ant
stems tended to align themselves parallel and t right angles

to a preferred current direction.

At outcrops 27 and 28 (see folder 5) whore 40 and 70
readings wore record 4, the scatter or dispersion about the
two means wag calculated. Standard deviations wore 1 and 37 $
thereby indicating that these structures ar fairly wcl
orientated with respect to the two means (see appendices 3 and
9). The bimodal o,dentation of those structures at outcrops

27 and 28 1is further illustrated in figures 55, 56, 57 and 58.
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C. PHEFii*TATTOr] Or RA.JULTS

At e.'im outcrop, the mem orlon ation for a partic-
ular direction 1 ,tincture la piven. The data are presented
. a series o! mips covering the entire outcrop belts of the
Ecca and Lowermost Beaufort Beds (see folders 3, 3, 6, 7 and
8). These maps were originally constructed on a scale of
1 : 300,000 and then photographically reduced to a scale of
1 : 1 million. Various symbols hive been used to distinguish
between different solinentary structures and a distinction is
also made between structures occurring in different strati-
graphic units. All cross-bedding arrows were given the same
length; as the vector magnitud a were consistently high for

the majority o'* outcrops.

Each outcrop locality is given a reference number
on the nap nd all the relevant statistical data are tabulated
in the appendic es 1 to 17¢ An interpretive paleocurront map
based on all availabl sedimentalogical evidence summarises

the regional pnleocurront trends within the Leea beries (see

folder 13).

Mean thickness of planar cross-bedding and moan
ripple index arc also recorded in the appendices. Areal
variations of these two parameters are illustrated in folders
14 and 15, whore a visual size scale was used in preference
to a more quantitative approach. Reasons tor adopting this

method have a] ready been discussed in chapter III#

D. PA: XJUWiSKT. ANALYATd OK THE

le The Northern Ecca Facies
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Duec to the limited distribution, poorly exposed
m:>urc and rarity of sedimentary structures, very little
paleocurvent data was obtained from the Lower and Upper
Eccn Shale. Instead, most ol tx.u conclusions drawn iogarding
the current directions in the Northern Eccn Facies had to bo
praini d frcm the abundant i..osa-budding measurements taken in
the Middle Eccn Group. In addition, the pairocurrent re-
construction.- for vhe Lowemost Beaufort Beds and the paleo-
ice-flow directions, determined by Du Toit (19)6, p. 277) and
Stratton (in pr as) for the underlying Dwyka Tillite, were

used as an additional aid in the interpretation.

Fold. 'S ) - 8 illustrate the average flow directions
at c"ch outcrop a: a ! in the Northern Eccn Facies, from
which it may be d duct - that apart from a few anomalous areas
the general dispersal pattern was towards the south-west and
wont. However, 1in portions of Natal there is substantial
evidence of a south- , storly trend in sediment, transport
pnrticul- rly in the n nl:;ton—s b low tin voal formation# It
is believed that the relatively faster rates of subsidence in
the Natal Trough had the effect of caun.-.ng considerable
quantities of south-westerly trending sediment to bo diverted
towards this major structural f -ature. Regional tranopoiu
directions within the Natal Trough wore mainly in a general
South-westerly direction and approximavOly parallel to

oxiti, but a certain amount of westerly flow also took place.

Along the northern margin© of the basin there 1is
evidence for a southerly currenu trend. B ] fvat iif

probably bout explainel by tho fact that tho Middlo Eccn

- Group -
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Group rests directly on the pro-Karroo surface over wide areas
in this part, oi the basin. Therefore the effect of the pro-
Karroo topography with its large north-south trending valleys
(Vyhcrgh 19' ') 1 exorcised a major control on the flow trends
of sedimentary detritus. Along the Vaal Pivor in the north-
western Orange Free St t cross-bedding measurements indicate
a south-southc storly 1r port dirccvion, thereby Indicating
a possible local source area towards the north-northwest.
However, this 1s not borne out by any major change in the com-
position of the sandstones 1in this area and therefore, this
abnormal transport trend may have been controlled by the local
effects of the pre-Karroo topography. Cross-bedding vector
means 1n sediments above the Coal Formation indicate a pro-
nounced westerly transport direction over n fairly wiae area
(see folders 6 and 7), compared to the remaining Middle Ecca
strata, thereby suggesting that the palooslope had a more
westerly dip dtiring deposition of the upper portion of the
Middle Ecca. This f. -turc nay be accounted for by one or more
of the following possibilities -
1. Subsidence rates In the Natal Trough nay have boon less

marked du. mg this pc iod, thereby reducing the volume

of sediment transported down the xxis o% th .s feature.

2. The effects of the pre-Karroo topography on the trend
to the blanketing effect ot the underlying . .

"o L a
of the epaleoslope.

The atrikoa of symmetrical and asymmetrical ripple

murks usually lie approximately at rlRht angles to the p

- current -



current trend nf indlc-it,od ty thu cross—bedding#

r*sscntially the onmo disporsnl patterns as obtained
for the Middle Ecca Group wcr ; also found to occur in the
Lowermost Beaufort Beds, and Li Toit (1956, p. 237) found
similar trends in his study of the Dwyka ice-flow directions.
It may therefore be assumed with a fair degree of certainty
that the regional dispersal patterns displayed by the Middle
Ecca Group are a reliable representation of the sediment
transport directions for the whole of the Northern Ecca Facies.
The generalised flow jattorn for this facie'" Is illustrated in

folder 13.
2. The oouth .rn Ecca Faci a

Eviden ;u of paLuocurrent trends in the Lower Ecca
Group 1s mainly derived from solo casts, asymnetr cal and
syntm trical ripple mark ' (sec folder 3)  Although groove and
bounce casts do not indicate a .er.se of current flow, it war,
however, pos/iblo to infer the probable current direction  *th
a considerable dogro of certainty from the current di. ,vion
as indicated by associated flute casts, prod casts and asymme-
trical ripple narks. On of the most striking features of the
paieocurrent nap (see folder 3), Is the tendency for the
majority of directional structures in the Lower Ecca wroup to
lit essentially parallel or at right angles co the regional
strike of the southern outcrop belt* It he, already been
demonstrated that this outcrop bolt lies ..ppicxin, lely
parallel to what was on easterly plunging dcpo.oti
trough. It is therefore concluded that during Lower Lcca

times, sediment transport was predominantly northwards and
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into this elongate besin but a considerable amount of flow

also took place eastwards and par-liel to its direction of

plunge.

Current thinking on paloocurrent systems in turbid-
ite basins has been reviewed by McBride (1962), Potter and
PettiJohn (1°63) and Dzulynski and Walton (1965). All con-
clude th it sediment transport may take place both down the
marginal slopes,as well as longitudinally along the axis of the
depositional trough. Controversy vfists as to whether the
longitudinal current p ttern was caused by the introduction
of sediment by a large river entering the trough at one end,
or whether it was caused by currents bringing in sediments
from the margins of the trough and then subsequently altering
direction in the axial portions. In this respect there appears
to be very little doubt that sediment was mainly derived from
beyond the southern margins of the Cape-Karroo Geosynclinp, as
the amount of coarse clastic material in the Lower Ecca Group

decreases rather than increases towards the west.

In the vicinity of Coffee Bay in the Transkei, rocks
which may be the tine-stratigrnpMc equivalents of the Lower
Ecca Group contain groove casts which have either a north-
south or north-west s uth-cast orientation. In addition,
sandstones within this succession grade northwards into shale.
This loads to the conclusion that the major transport
direction was also northwards. However, the possibility oi

a certain amount of sediment transport in an easterly

direction should not bo discounted.

Ripple marks in the Middle Leea Group mainly

- indicate -
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indicate a nortncrly transport direction, but a certain amount
of easterly flow may have occurred, as evidenced by the mean
current direction at outcrop 21 (see folder 3) and the general
thickening of the group towards the east. Cross-bedding in the
Upper Ecca Group shows a pronounced northerly flow of sediment
and the strikes of symmetrical ripple* marks usually lie more or
less parallel to the ref ional strike of the outcrop, except in
the extreme western portion where they trend northwest—south-
east (see folder 3). Analysing the regional current pattern
during Upper Ecca times, in terms of available cross-bedding
and symmetrical ripple marks, it may be deduced that the pre-
dominant transport direction was nort! wards, except in the
western portions of the outcrop where a more north-easterly
trend becomes predominant. As already pointed out, th axis

of the Cape-Xarroo Geosynclino advanced northwards a time.
It is therefore not unlik 1ly that although no sodinonto? ogical
evidence exists to indicate an easterly transport of sediment
during Upper Ecca times, this may be due to the fact that only
the marginal facies is exposed 1in the southern outcrop belt,
and that a longitudinal easterly flow may have occurred in the
axial portions farther to the north. The writer is, however,
inclined to the view that although r~pid subsidence in the
Karroo Trough continued throughout Upper Ecca times a shallower
water environment prevailed, uplift of the source area to the
south was greater and the palcoslope had a steeper inclination
towards the north. Those factors are thought to have con-
tributed towards the stronger, northerly directed current
trends found in the Upper Ecca Groupe The generalised flow

patterns within the Southern Ecca Facies are illustrated in

folder 13.
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The Western Kcca Paries

Directional current structures such as ripple marks,
cross-bedding and parting lineaticno indicate that the paleo-
current pattern in the Western Ecca Facies was towards the
east and north-east (see folder 3), Strikes cf symmetrical
ripple marks lie essentially parallel to the depositional
strike of the facies as indiciti 4 by cross-bedding and current
ripples, and therefore are of considerable value in recon-
structing the paleor-lope. Similar relationships have been
observed by Greiner (1967?, p. 232 - 233) 1in his study of the
Albert Shale, New Brunswick. The regional palaeocurrent

trend' for this facies are TIllustrated in folder 13.

4, The Central Foc% . r

One of the jroblems encountered 1in reconstructing the
paleor\irrent trends in the Central Ecca Facies, is the
limited numbers of reliable directional current structures.
From the paleocurrent maps (folders 3 and 5) it is possible
to see that the easterly and north-easterly trends sc well
developed in the Western Ecca Facies are continued for some
three hundred miles along the western outciop belt of ttu

Central Ecca Facies. Evidence of this trend is mainly in-

dicated by the following -

"M1il11s

of this series.
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(b) Ripple marks and cross-beading in the Lowermost Beaufort
Beds indicate a general westerly and north-westerly

transport direction.
In the valley of the Orange River and in the oouth-

' “.rn Orange Free State, interpretation of the paleocuvrent
pat ;rn is to a large extent based on the mean orientations of
fucoid structures. As already pointed out, these features
usually display a bimodal orientation at a particular outcrop.
From the rose, diagrams of these fucoids (see folder 12) and
the paleocurrent maps (folders 3 and §) it may be seen that
at 70 percent of the outcrops the arithmetic mean orientations
of the fucoids lie either approximately northwest-southeast *x
northeast-southwest. Thereby suggesting that the original
plant stems align-d ti .mn Ives app-oOximately Parallel and at
right angles to the prevailing current. Interrveting this
information in the 1light of regional paleocurrent trends
within the Ecca, as well as the overlying Lowermost Peautoit
Beds and the underlying pnleo-ico-flow directions in thi. Dwyk, i
Tillite (Du Toit 1956, p. 277 and Stratton (in press)), 1t was
concluded that the general line of curr nt movement was north
east-southwest. From the available paleocurrent evidence in
the western outcrop bvlt of the Central Eoca Fueii s, it would
appear that fine-grained clastic material was b. ing tnns
ported in an easterly and north-easterly lirection t 1lom'
what north of uhe present position oi the )rangi R vor.
north of this, flow direotions were towards the south-wost. A
considerable amount of overlapping and interfingering cf
sediment derived from those twe s',urcun took plac.k.

these directionally opposed currents mot.

- Along -
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Along the caatorn outcrop bolt of this facies, a
limited number oi parting lincationa indicate a northeast—
southwest current trend (see folder 8). This is fu? r sub-
stantiated by the fact that the average transport direction
in the southern portion of the Northern Ecca Facies is towards
the south-west, while in the Southern Ecca Facies near Coffee
Bay, the generalised dispersal pattern is northwards. On the
basis of the above evidence it his been concluded that the
outcrop belt of the Central Ecca Facies 1n the eastern portions
of the basin represents a zone of intermixing of fine-grained

elastics derived from both the north-cast and south.

2. PAIEf Ith-hr: T ANALYSIS OF TH:: LO"ERKOST BEAUFORT BEDS

Althou -h only limited numbers of directional
structures were measur d in thv Lowermost B aufort Beds, it
has n vertheless been p>ssibK to draw certain conclusions
regarding the regional sediment transport trends in this uni..
From the palaeocurr< nt rmi; s (see folders to 8), 1t may be
deduced that the generalised transport directions, along the

northern and north-eastern portions of the lowermost Beaufort

outcrop, were towards the south-west and west. In the eastern
portion of the outcrop belt (sec folder 8). it is evident that
two separate paleocurront systems were operative. The first

had a general south-westerly and westerly trend and is merely
the southern extension of the dominant transport trend further
to the north. While the second has a general northerly trend
and 1s obviously related to a completely separate current

system. It may be assumed that where these directionally

- opposed -



opposed currents m< t, 1 considerable amount of overlapping and
interfingcring of bedimenta derived from different source areas
took place* Attention must also be drawn to the two outcrops
(Nos. 50 and 55' where the transport direction as inHeated

by cross—bedding showed a general easterly current trend* It
is therefore probable that a certain amount of sediment trans-

port also took place towards the east.

Along the southern margins of the basin, directional
structures indicate a general northerly t"insport direction
(see folder 3). While in the west, between the Fish and
Orange Rivers, the regional pslcccurrent patterns are towards

the north-east and east.

In the nortn-w st-rn portions of the basin there is
evidence of two major transport directions (see folder 5).
These are -
1, A goner.ld south-westerly trend which is a continuation

of the disp rsal pattern encountered in the north-eastern
portions of the basin.

2, A northerly current direction which is more pronounced in
the southern Orange Free State.
It has therefore been concluded that a considerable amount of
interfingering of sidim- nto derived from these two source
directions took place in the central and southern portions of
the Orange Free Stat . In fact, this feature has been cb-
se.-ved at a number of localities, an for example in the hills
six miles north of Bloemfontein, where it is possible to see
coarse and medium-grained arkoeee from the north intt.rfinger

ing with fine-grained sub-gray .vackes derived from a general

southerly source.
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In summary, regional paleocurrent directions within
the Lowermost Beaufort Beds are essentially the same as those
of the i.cca Series, Three major and one minor dispersal
patterns have been identified. These are as follows -

1. A general south-westerly trending pattern which occurs

in the northern one-third of the basin.

A northerly trending pattern which is mainly found in
the southern half of the basin.

3. Aneasterly and north-easterly orientated dispersal

pattern, occurring in the south-western portions of

the basin.
4, A smaller but significant easterly trending current

pattern occurs south of Port St. John's in the eastern

part of the basin.

A considerable amount o° overlapping and interfinger-

ing of sedimentary !* 1rVus derived from different source areas,

takes place in the cent. &l portions of the basin where these

separate dispersal patterns meet.

r. [ | ; ! ! -
T6 THE PATI: e ';UkRh] tT AATTE! ' 2T "

Fundamental to any paleocurrent analysis ol a
stratigraphic unit in th” examination ol the relationships
between regional transport trends, as indicated by primary
direoticnal structures, and other sedimentary properties ol
the unit, such as average grain size. These various relation
ahipb will now be discussed.

1. Facies Changes and their %o1lationnh ip ..to ocur rent
Directiona

The examination of borehole and outcrop sections In

- the -
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the Northern Ecca Z¥acioo haa revealed a marked increase 1in

the percentage ot coarse sandstones tov/ards the north-east

and east. Conversely the succession becomes predominantly
shaley tcvards the south-west and west. The percentage shale
in the Northern Ecca Pacies is controlled by the distance from
source, paleocurrent pattern, and energy level at the de-
positional interface, It ia therefore interesting to note

the regional relationships between sediment transport direc-
tions, ©paleoslope and trends in facies change (see folders

2, 4 and 13). Furthermore, the regional dispersal pattern

lies essentially at right angles to the depositional strike.

The same regional relationships have been found in
the Southern and Vestern Ecca Facies (see folders 2, 4 and
13), Similar patterns are .Iso displayed by the various facies
within the Lowermost Beaufort Beds,

2, Thickr. ns channos and th' ir relationship —ihc
paleocurrent direct ions

A comparison between folders 1 and 13 reveals a
close relationship between regional paleocurrent directions
and thickness trends within the Ecca plus Upper Pwyka Shale
sequence. A concordant relationship exist,., between trends
facies change and the inopach pattern (sec folders 1 and <) e
Pryor (I960), Potter (1962) and Forgotson (1963) observed
parallel relationships between paleocurrent directions,

thickness and lithofacies trends for different sedimentary

basins in North America.

3. Of n nnd their rcntlonshif
tp the .nil\:oonrn~nt ,lircot
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A comparison between folders 10 nnd 13 reveals the

following -

(@ There is n mar’;'d p rallelism ke tween regional paleo-
currcnt di r otion. Bhd trends in decreasing avciage

grain size, for sandstones within the Northern Ecca
Facies.

(b) No well-defined directional trends in mean grain size
were detected alon - the south- rn or south-western out-
crop belts. This 1is duv to the fact that the regional
trends of these two belts lie essentially parallel to
the deposition.nl strikes of the southern and Western
Fern Fneit s respectively. However, drilling has shown
that sandstones within the Southern Ecca Facies grade
invo shale towaidr the north, and that sandstones within
the Western 'aoivs "“rade into shale towards the
east and north-e vot, th r-by indicating that a concordant
relationship exists between paleocurrent directions and
regior.il trends in ev rare grain size reduction.

4. Kuan r bhl- 4h ir relationshxp to ,paleocurrent
directions

Pellet tr (1958) tnd Y ik-1 (1962) demonstrated a
close relationship betwc n mean paleocurrent direction and
the tr, nd in decrc isir.' average pebble size, for deltaic and
fluvial deposits res: actively. A comparison between folders
11 and 13 reveals that aw rage pebble sizes of r.'idle Ecca
conglomerates do not become progressively smaller in the down
current direction. KR toons for this feature have already been
g,ven 1in Chapter III. It 1is significant, however, that the

Middle Ecca conglomerates are only confined to the northern

and north-eastern portions of the basin.

5*

Tne thloknesa of plnr.r croee-beddod units .as

maasurod ,h. ro soselblo. and tUo average determined for each

- outcrop -



outcrop locality. Tuese valuea are recorded in the appendices

2,6, 10,

]4 and 16 and presented in folder 14, where a visual

sire scale 1is used to indicate thickness wvariations. From

folder 14 the following deductions may be drawn -

(@) The thickest plan ir cross-bedded units occxu in the
Northern Ecca Facies of northern Natal and the south-
eastern Transvaal.

)

Planar cross-bedded units in the Northern Ecca Facies
appear to bccomv progreasiv ly smaller towards

the south-
west, although there are local txcept+ions.

In the outcrop b Its of tne Southern and Western Ecca
Facies it 1is not possibl . to draw any definite con-
clusions regarding trends 1in average thicknesses of
planar cross-b ddcd units, as the number of sample

localities are too fvw and the tutcrop belts are too
narrow.

Folders 15 and 14 rev® tl that, with local exceptions

planar cross-bedded units in the Northern Ecca Facies become

progressively thicker towards the source. Similar relation-

ships have been observed by Schwarzacbci (I153) aad Pt,llv tii.r

(1958) .

6. Pr.-K-.rroc

thnlr rclitlonahlf to

p~cocurrcnt
ii rerti one

Wybtin;n (1922) . Cousins (19r0) nnd nchn (1962)

mopped tht trends of lorgr pro-Korroo volleys In the northern

portions of the b-.sln. Many of these hove depths In excess of

100 feet. A r -rtloulorly lorgs valey In -h' vie-nlty
Orange Fre, State coldfield has a maximum depth of If90 feet

(Cousins 1950). The majority of those \UloyJ hiwe a s

north-south trend and therefore He approximately parallel to

the mean pal ooourrent directions as Indicated by sedimentary

structures -



structures within the basnl portions of the Ecca Series. Du
Toit (1956) showed th it the paleo-ice-flow directions were
southwards along the 'northern margins of the basin, thereby
indicating a parallel relationship to tne trend of pre-Karroo
valleys. It is therefore probable that these entrenched
channels w"re formed prior to, or during the Dwyka glaciation,
.ad exercis—- d a major control on the transport directions of
Lower Karroo sediments. With the infilling of these wvalleys
*vith sediment, their effect on the current patterns diminished,
7¢ f tro”“raphic provinces and their relationship te
paloocurrent dir- ctione

Siever and Potter (1956) studied the regional re-
lationship between petrographio provinces and sedimentary
di. ersai patterns within the Eastern Interior Basin of the
United States. They found that separate palacocurrent systems
related to different source areas, were associated with
distinct petrogrnphic provinces. Within the Karroo Basin,
the Southern, Western and Northern Ecca Facies each display
a distinct current pattern rclatablc to throe separate source
areas. Pctrographic inve stigations - at the reconn eiss
level - have clearly indicated that the aandetonua cf the
northern Ecca Fad, a are considerably different In their
nineraloglcal prop, rtlea to both the Southern and Western
Ecca Facies. On the other hand there appear to be no major

nineraloglcal differences between the Southern and Western

Eccc Facios,
0. POSITION'S «.n> HATI'HF OF THE nidaie;'. AHI"Ae

The regional paloocurrent directions within the

- Northern -
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Northern Ecca Facicn clearly indicate a source area lying to
the north-cast and east. In addition, petrographic studies
ha/e demonstrated th it the source rocks were predominantly
granitic in composition. The actuil location of the source
area poses an interesting problem. The first possibility is
that the source of these sediments was situated to the north-
east and east of the present Natal coast. The second possib-
ility is that the north-south trending belt of Basement
granite exposed along the core of the Natal Monocline re-
presented a rising portion of the craton at the time of sedi-
mentation and therefor constituted a seurce area. A combina-

tion of these two possibilities must also be considered.

The exposures of Basement granite along the core of
the Natal Monocline are not considered to have represented a

source area, for the following reasons -

(@) Cross—bedding measurements in downfaulted blocks of
Middle Ecca Sandstone alor. the Natal coast, as well
as in eastern Swaziland, civarly indicate a source
lying east and north-east of the present coast. These
rocks cont gn no evidence to s .gg>st that the nor i-
south trending granite arch shed sediments eastwards.

(b) Isopach maps of the Ecca plus Upper Dwyka ohale
succession indicate that the present exposures 0
Basement granite 1n the eastern portions of the basin
wore complete ly covered during this peiio

Ecca Facies.
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(d) The Middle Been, Sandstones appear to become progressively
coarser—-grained towards the north-east and east, which is
what would be exp' ctcd closer to the source.

Over most of coastal Natal the Table Mountain Sandstone
rests unconformnbly on a mature surface of Basement
granite. Jn addition, no major orogenio movements took

place until early Jurassic time. Therefore, the existence
of a high coastal mountain range in this area may be dis-
counted.

In view of the above vidence, it has been concluded
that a major highland area, composed predominantly of granitic
rocks, lay to the north-east and east of the present Natal
coast. The north-south trending belt of pre-Karroo rocks in
'lre eastern portions of the basin did not represent a major
barrier to sediment tr nsport. Judging from the abundance of
angular to sub-angular 1 'bar pebbles in eastern Swaziland
and in Coastal Natal, it is thought that this highland area
was situated fairly close to the present coastline. On the
basis of .paleocurrent directions and trends in average grain
size of Middle Ecca Sandstones, together with changes in latho-
facles, it may be deduced that relief in this source area

probably deer ased towards the south.

Along the northern margins of thi b-ein, as for
example in the vicinity of Within*, paleocurrent directions,
together with the compositions of sandstone, and conglomerates
have indicated that the pro- Karroo formations to the no-th of
the present erosions] 1limits shod minor amounts of sodim nt

into the basin. This region therefore represented a sub-

ordlnatu source area,

During lower Ecca timeo sedimentation in the

northern portions of the basin was confined to the Natal

- Trough -



Trough and possibly also the western Orange Free State. The
intervening portions of the craton, although only mildly
positive, were subjected to erosion and therefore probably

shed small quantities of predominantly fine-clastic material

into the depositional areas.

The regional dispersal patterns within the Southern
Ecca Facies together with petrographic evidence indicates the
pretence of a linear souice irea composed mainly of granitic
rocks lying to the south of the African continent in its present
form. Sedimentary, Dbasic intrusive and mit.amorphic rocks
probably also occurr» i in minor amounts. St”atigraphic
successions indicate that relief in the source area was more

pronounced 1in the east. Combined paleocurrent, stratigraphic

and structural evidence indiatis that the source ire'
probably represented a rising gcanticlinal ridge along the
southern margins of the east-west trending -ipe-K .rroo
Geosynclin, . The coirse fnclo. of the Ecci Series in Ibis
arei -/as deposited closer to the source and has since been
eroded away. Isopoch maps of the Cape System (Kingston et
al. 1961), and the Ecca Series (folder 1) indicate that the
southern margins of the Cape-Karroo geosyncline lay some 160

mileo south of the present Cape coast (see folder 4). It

therefore, conceivable that the source of the sediments con-

stituting the Southern Ecca Facies lay some 2?00 miles to the

oouth of the pr» ucnt outcrop belt.

Regional paleocurrent directions within the

Western Ecca Facies clearly indicate that the source of these

- sediments -
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sediments 1iy to the weat and south-west of the present out-
crop belt, 1In addition, tin. petrography of thv sandstones has
shewn that the source rocks were predominantly granitic in
composition, although sedimentary, basic intrusive and meta—
morphic rocks probably also occurred in minor amounts. The
western source area must h :ve been situated beyond the present
continental limits, as ron< of the rock types alr 0 the western
and south-western margins of the Kirroo Basin correspond to the

requirements of a predominantly granitic provenance.

Isopach maps of the Cxpe System “Kingston et al.
1961) indicate that the outcrops of the Cape Granite along the
present w st coast were covered during the Permian and there-
fore could not hnvt represented a ocurcv area. Structural,
atratigraphic md Svdimentological evidence suggests that the
western source ar,.a had a general north—northwesterly trend«
This highland area probably corresponded to a geanticlinal
r-idge bordering the south-western and west -“nmargins of the
Cape-Kirroo Gconyncllne. The presence of "borderlands" out-
side the margins of the present configuration of Southern
Africa is certainly not unique to this continent. For example
it has been shown by numerous Investigators that the North
American continent was original ly bordered in the cast and

west by highland linear bolts known as Appalachia and Cascadia

respectively.



vi. "'Kri;.,;;:?RY TECTONICS

A, Rlv; :OM\I TUTONIC PHAXE ORK DURING

Lithoi niv.j p 1 rn Y ".d p -IvOcurrunt trendy,
together with iaop'.eha nnd raincr'ilOi ic®.l corapoaitiona of
sediments, h-ivw bv.n ua”d in the interpretation of the
tectonic fr Rework. Ine el reification of p Ic-otectonic
elements usvd in this ch tvr ie baaed on th’.t of Krumbein
-'rd Sloos (1963) who in turn idopted a modified classification
of the cone pts developed by ay (1947). No att rgot is made- to
distinguish b twe-cn mio '.ouynclinal and e-up-osynclinal zones in
this study. Instead th tvrrr r osyncline is applied to an

orOTcnically activ 1lin .r e1 r.ent of lonp continued subsidence

nd lyin.- d.lac.nt to t craton. Furthermore, it is inferred
that g-osynclines r c ive th. bulk of ir sedimentary fill
from : lin ar ctiv ly risin ® .nticlinal ridge, paralleling

their outer margin”.

Flder 16 showa the av rag, position and configura-
tion of the v riouo ral ot« ctonio el-.mvnts during the Lee ,
p.riod, and i sirail r p tt.rn pr v lied during deposition of

the Lowermost Beaufort Beds. These VvV rious tectonic elements

will now b discussed.

The Eastern Highlands

Thu E-18turn Hlghlnndo ruprcacntad i otronply positive
tootonle uUmunt oxtunaing southwards for n dist-mou of aomo
500 mil a from south- stern Mooimhiquo. This £ ’.tun; wie

probnbly altuatnd about 100 miloa to th. caut of the present

- Natal -
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Nital wvo i31, TI.itho-str itigraphic and pale, ocurrent evidence
indicates that tectonic uplift in the south .rn portions vf this
feature was not as pronouns d is in the northern and central
parts. Phi enormous volume of co irse- arkosic sediment shed
VvStwards and south-westwards from this highland during Middle
Ecca and Lowernx st Qvaufi t tim”s 1indicates that relief in
tnis sourcv was very high (+ 15,000 £ <.t). Based on the trand
of isopachs in the Natal Trough and thv palcocurrent patterns
along the eastern r rgins of the basin, it has been concluded
that the Eastern Highlands r pr Sented <« large north-south
trending granite horst (see fold, r 4). In this respect it is
interesting to not the parallelism between the presumed trand
of the Eastern Highlands, the axis of the Natal Monocline, and
the shear zon ¢ in the Basement Complex of e stern Swaziland.

Relief during Lower nd Upp r Ecca times was relatively low as

evidenced by the predominance of shales in theso two groups.

The Southern and K.stern Kighl nda

The Southern nd osturn Highlands constituted a moro
or lues continuous L It cf hi -h ground, prob'bly in the form of
B1lin t M-'.nticlln-a ridge forming the south rn nd went, rn
m-.rgine of tl Cnpe-K-irroo gvooynclim (ace folders 16 ind 4).
Litho-8tr-.tigro.phlc md p-.lcocurrcnt evidence indicitea thxt
tectonic uplift me more pronounced in the eostcrn portions of
the Southern Highl ndo -.rd thot relief in the northern portions
of the icstcrn Highlands was not as pronounced as in the south.
Thor. 10 no evidence to suggest that a highland source existed
along the south-eastern margins of the Karroo Basin during

Permian times. It is therefore possible that relief in this

- area —
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arc", wti citlur low, or completely absent at this time.

lrouounCtd Periods of tectonic uplift took place in the

Southern Hi hi .nl.s iurinr Low”r Ecea, Upper Seea and Lowermost
Bcauiort timts. However, 1in Middl Ecc times relief was fairly
low (sec folder 4). In contrast, only limited tectonism took
place in the Zest rn Hi "himis during Iow<,r Ecca times, but

iddle Hcca, Upper

Ecca and Lowermost Beauforttimes.
Tha .1tv Bk,rerani irch

I:n MMtwnti rarand Arch is abroad north-e stcrly

tror. :in ; pal, ot ctonic 1\ :ture, composed of ,re-Ganbrian
formations and occurrir. ' alonf; the northern nl north-western
margins of the Karroo ra in ( v folder 16). During Pormi an
timesf this fv tur-.. w .s r present, d by a broad zone of relative-
ly hi-h hills. Pi 11 relationships h ve cl.arly indicated that
most of tnc formations conatitutin ¢ the Middle Ecca Group wedge
out gainst the flanks of this positive element. In contrast,
the Upper Ecca and Low most B ufort sediments were probably

deposited ov.r most of this t ctonic element.

Petrographic and pi ocurrent studies have demonstrated
that this f. aturc constituted a subordinate source iron during
Lower and Middle Ecc tinua. However, the hiterberg and Bush-
Vvld Coal Basins represent d localised n is» within the con-

fines of this broad t ctonic i1lKmint, win re sediment accumulation

took place.
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The Windhoek Highlands

> .rinji:0f;k Highlands constituted an cast—north-
easterly trending, mildly positive structural feature, extend-
ing across the oontr .1 portions of .Jouth West Africa, According
to Martin (1961), this mildly positive area formed an effective
barrier between the Great K rroo Basin in the south and the
smaller Huab in to t», north. From this area, sediments

were sht d both .out rIs uid n rthw rds into these two basins.

Tin Cloool a Tore

Th position and n ture of this large sub-surface
tectonic ¢l m.nt can b st be observed by comparing folders 1
art 17, Fro; fold r 1 it is pcesiblc to sec that the isopacha
of th. hoca ri s plus Upper Dwyka Shale show a progressive
thinnin ov rwhat a-? nrs to ban extensive pre-Xarroo
structural f ture, the c ntre of which lies immediately wvest
of Lesotho, similarly, th presence of an extensive gravity
low anomaly in this \rca (- 17°C milligals), suggests the

presence of Basement granite fairly mar the surface in this

portion of the Karroo Basin (uv folder 17). This is iuithcr
substantial dby th pr ccncf of r nitc inlicr south of
York, erdovloi (Ryan 1967), and the intersection of Basement

granite b low the Karroo System at i depth of 7,043 feet below
surface in borehole No, *9 (s v folder 1). ased on the aiove
evidence it has been concluded that a 1 it//. dorm——ehtpv d f .ature
composed predominantly of Basement 1 iuitc occurs below
lativoly thin cover of Karroo rocks in thi eastern Orange Free
State. Although the Lower Beaufort Beds extend over this
feature, the Dwyka Tillite, Lower Ecca Shale and Middle Eoca

Sandstone wedge out against the flanks of this toctonic c¢” ncnt.

- Conglomerates -
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Con, lomvr'xtco contraining p bblos of granite and felspar have
been observed in the Iowe rmuat B aufort Beds near Brandfort

and were probably d,rived from th Clvcolan Dome.

The isopachs in folder 1 indicate the presence of two
broad subaurfact p .1 oti ctonic rches. The axis of the first
has an approximately north- ast rly trend and passes through
the town of De Aar, while the second has n essentially north-
west. rly trend nd pas-es throurh Port St. John's. These two
arch- s intersect at more or less the position of the Clocolan
Dome ( e folder 16). Available litho-stratigraphic evidence
indicates that these two arches were probably covered with sedi
ment throughout most of the Permian and therefore did not re-

present subordir -to sourc-. areas.

The Karroo Trough

The Karroo Trough was the area of maximum sediment
accumulation durinr the Permian, luc ax”s of this linear uw.wn
warp parallels th- trend of the later oouthirn Ca.—e loldud Belt
and has m east rly plum (& folders 1 -nd 16). ihis
otruotural feature lay within the site oi the Cape-Karroo ge
synclino (ace folder 4) and a well defined hinge line mutes
northern margin where It m«rgea with the oratonlc aholf. The
Karroo Trough wan at leant 4SO miles long, 150 milo* wide and
was probably bordered In tho south and west by . 1lel - A
narrow unstable shelf 1lying to the north and i
Southern and Western Highlands respectively. During UfPer
Permian times, the axis of this linear downwarp adv.neotf
northwards, a feature which was probably brought itHiit by

creased toctoniom In the source area to the south.

- The -
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The Natal Trough

The <dxia o1 this linenr basin lay approximately
parallel to the trend of the present east coast and plunged
towards the south-southwest (sec folder 1). Evidence as to the
former existence of th's feature 1s mainly deduced from the in-
creased thicknesses of Ecca plus Upper Dwyka Shale along the
eastern margins of the basin, A well defined hinge line occurs
where this elongate basin merges with the eratonic shelf areas
to the west. ?h Nat.il Trough was bordered in the cast by the
Eastern Highlands and available evidence suggests that this
linear downw rp conforms to the structural and sedimentalogical

requirements of a yoked basin,

Cuttin * tr msveracly across the Natal Trough, is a
smaller fault bound d basin known as the Tugola Trough, Lithc-
stratigraphic and structural evidence suggests that this line "w
feature represented a f ilrly rapidly subsiding fragment of the

orator, particul trly durin ; 'iddlo Ecca times,

The < irth’s crust must have been very deeply depressed
in the area where the Karroo and Natal Troughs met, and there-

fore formed an ideal area for inundation by the Permian seas.

The Grata,io HmIf

The Critonlc .ihclf ia represented by tnose neutral
portions of the cmton lying between the strongly negative end
more positive tectonic elements. Those areas underwent relative-
ly small amounts of subsidence during the Permian. On the basis

of isopachu and lithologlc associations, 1t has been possible to

- subdivide -
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subdivide the Cratonio Shelf into stable and unstable areas.

These arc sao.vn ir folder 16 and will be discussed shortly.

Apirt irom the tectonic elements already discussed

the following additional structural features lie within the

confines of this broad shelf area,

1. The Limpopo Trough

The Limpopo irough constituted a shallow fault con-
trolled linear basin, oxt nding across Southern Africa in a
general north-northeasterly direction. Truter (1945) has shown

this feature to be a structural lineation of pre-Vatcrberg age,

2. The ai ahari Basin

On the b sis of outcrop distributions and available
thickness measurements (Green 1966), the writer has concluded
that a slowly subsiding basin with a general south-westerly

trending axis occurred 1in wi at 1s no’ the south-western part of

Botswana.

3. The Hamajua]and Jjasln

From thickness measurements obtained in borehole No,
46 (see folder 1), together with the present outcrop distribu-
tions of Upper Dwyka Shale, it would appear that n north-
westerly trending bnsln occurred in what is now southern So ch
West Africa and the north-western Capo. It is almost certain
that this basin was connected to the oceans by means of a
narrow sea-way In the vicinity of the Orange River Mouth.

Evidence as to the position of this sea-way is Indicated firstly
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by the presence <f Eurydes: ;?, :onul%rin. rcruvlapira and
fchlnpids. in t,a pper Dvvyka Shale of southern South Vest Africa,
and secondly by the directions of the Dwyka ice-flow.
Imraecaxately south o1 the Vrindhoek -iyhlands, the ice advanced
southwards s estini that it was confined in the west, but in
the vicinity of the Orange River the flow directions change to
south-west and indicate an opening in this direction (Martin,

1961).

TRCTuTl .. N'D Ia. ...OLOGIC ASSOCIATIONS

Litholo-ic association 1 the term applied to groups
of sediment ry rocks which were formed under a particular set
of tectonic conditions (Krumb- in and loss 1959). It must be
stressed t.. lar~ various tectonic conditions (tcctotopes)
thought to have prevailed in the Karroo Basin during Ecca and

Iower:, ost Be ufort times have been largely inferred by a study

of the rocks themselves.

Duo to the enormous size of the Great Karroo Basin
and the diversity of p leotectonic elements, this feature offers
a unique opportunity for the study of the relationships between

various tectonic elements and associated sedimentary rooks.

Stable Shelf Associations

Tlio whole of the Northern Keen Fnciee, except thnt
portion deposited In and around the mnrfine of the Nntnl Trough,
wno deposited on n fairly stable tectonic shelf (see folder 16).
The predominant rook types arc coarse arkese and shale. Con-
glomerate , coal Beams and thin bods of limestone occur in minor

- amounts -



amounts. Diuconformitie.]j ire a characteristic feature of these
sedimcnto, | titicularly along the northern margins. The
lithologicul associations of the K .rroo Stable Shelf are
summarized in table 1b, ?he Middle Ecca and Lowermost Beau-
fort Beds art predominantly fluvial-leltaic in origin, while the
Lower and Hpfer Ecca ahilea were pi'do :bly deposited in a re-
latively doep continental son. Subsidence in this portion of
the basin was slow and the majority of th2 sediments were de-
rived from tht Eastern High! inds which was being actively up-

lifted and eroded,
Unstthle ShrIf .U ' ciations

Th, irroo table Shelf grades imperceptibly into
unstable shelf ir is towards the south and east (see folder
16). The hinge 1lit; of the Karroo Trough forms the southern
boundary of this tectonic element and the eastern margins ire
taken at approximately tne position of the 3,000 foot isopach
line 1see folder 1). A relatively narrow area of unstable shelf
probably also occurred around the western margins of the Karroo
Trough. Bluish-black shale is the dominant rock type of tne
unstable ah, If areas. Arkoac, carbonaceous shale, subordinate
limoetoneo and occasional thin coal oei. 0 occur in md around
the Natal Trough. There 1is evidence of cyclic repetition in
these beds, as for example, in the valleys of the i.Icol
Tugela rivers. Sub- raywacke sandstone 1ini thin beds of chert
and limestone occur in minor amounts on the unstable shelf
areas to the north of the Karroo Trough. The majority of the
Ecca sediments on the unstable shelf were deposited in a fairly

deep continental sea environment, while the Lowermost Beaufort



- 159 -

Beds wore mainly laid down under shallow water continental
conditions. These sequences are slightly thicker than on the

stable uhulV. Lithologic assoclntior- of the unstable shelf

are summarized in table x6.

Yoked Bnsin At .oci Btions

A yo/.ed b sin is defined as a subsiding linear basin
on ti.c c-iton, s pi 'ittorm ind lying adjacent to a complimentary
uplilt which supplies the sedimentary detritus. The Natal
Trough 1in considered to be a yoked basin and represents a sub-
siding am 1 "tanked in tne east by the rapidly rising Eastern
Hi 'hi ndse .hit trough-likt basin ori. inally widened and
deepen: 1 ,/M the ax. vl plunge to the south-southwest, in which
'In..ct: ?n it |y have v a open to thv Permian st is* It grades
Into s If conditions towards the west and north (see folder
16\ "nfortur. itely the eastern portions of this basin are
covered by the Indl in Ocean, but available outcrops indicate
that bluish-black shale and urkosc are the dominant rock types
md the succession p*ofc ibly becomes progressively more arkosic

closer to th< grinitio Eintern Highlands.

Sedimentation in this basin was more continuous than
on the shelf areas and the only major disconformity known to
exist is that occurring at tin top of the Dwyku Tillite, The
coarse elastics arc thought to have beer mainly deposited under
fluvial-deltaic conditions and the bluish-bl ick shales in a
relatively deep continental sen. The predominant sediment
transport direction an shown by cross-bedding is soul -westwards

and westwards, indicating that sediment was being transported

- transversely -
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transversely as mcll as longitudinally with i speot to the axln
of the b ioin. The coarse irkose within the Middle Ecca Group
grades into shale in a general westerly and south-westerly
direction. ih.e ; ileocurrent patterns, facies changes and
sediment ttiickn ss distributions are, therefore, all a natural
response t Wit regional tectonic framework within the Natal
Trough. .able 1 summarises the characteristic lithologic

associations of the Natal Trough.
Geosynclinal issociations

The Karroo .'rough is a deep linear basin, plunging
eastwariof#ar. i containing an alternating succession of shales and
sandstones, and forming an integral part of the Cape-Karroo
geosyncline (see folder 4). The lower portion of thd3 success-—
ion h ,s born cl issified as a typical flysch sequence. Paleo-
curr rt studies of these r;oks have in Heated that sediment
transport took place northwards and into the Karroo Trough, as
well as eaatw iris ar. 1 pirillel to the direction of axial plunge.
Subaqueous turbidity curr-nts wore thi principal agents ol sedi-
ment distribution and d*op water conditions prevailed. During
Unper Permian times sediment transport was predominantly
northwards and fluvial- lelt-uic conditions existed. The Southern
Highlands represented the source oi these sediments. rine—
grained graywackes, oub-graywaokee and greenish-grey and bluish-
black shales are the most abundant rock types. Sedimentation
appears to have been continuous throughout the Permian in this

rapidly subsiding basin. Characteristic lithologic associations

are summarized in Table 1C.
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T.uilE is

CiCca Series plus Lowermost Scaufort Beds
(Iermian)

ar.;ose, sub- "rayivsclret shale, conglomerate,
coal seams, and thin limestones. Thin bands

U

0, 1i-lauconite occur fairly extensively.

T'oad shallow basin originally widening and
deepening towards the south-west i.o. in
the direction of axial plunge. Broad pre-
Karroo dome-shaped structure in the central
portions of the basin.

Iredominantly large-scale planar and trough
cross bedded 'inits, ripple marks, scour
channels, slump structures, compaction
structures and parting lineations also occur.

The regional dispersal pattern was towards
the south-west and therefore parallel to the
axis of the basin. Centripetal flow also
took place along the northern end eastern
margins of the basin.

Apart from the area around the Clocolan

Done, the succession thickens down the paleo-
slope. Lithofavies chr.ges take pl"ce in a
general south-westerly direction end the
predominantly fluvial-deltaic environment

in the north-on.' t grades into a relatively
deeper water (continental sea) environment
tow rds tl!e south-west.

Abundant plant fossils; planlctonic micro-
fossila preserved in certain thin shale

bods within the Been Berios. Fossil rep-
tiles occur within the lowermost Beaufort

Bed.

/Gathering of felspar to kaolin in certain
arkonos.
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TABLE 16

'iSIN

Lcca oeries plus Lowermost Beaufort Beds
(Permian)

Bluish-black shale, arkose, sub-graywacke,
cari-onaceou shale, subordinate limestone,
chert and thin coal seams.

The unstable shelf dips fairly gently to-
wards t 1 south in the central portions of
the basin, while in the east the slope 1is
inwards towards the axis of the Natal Trough.

Barge-s e plan r and trough cross-bedded
units & elated with the arkoses and sub-
graywac Sy metrical ripple marks and
fucoid acur s associated with the bluish-

black si. Ies.

The regional transport directions in the
unstable shelf areas flanking the Natal
Trough were mainly towards the south-west.
Sediments de; osited in the southern shelf
areas were :erived from the Western, Southern
and Eastern Highlands.

The success on thickens southwards in the
central portion of the basin. In those
areas nround t e flanks of the Natal Trough,
the succession expands inwards towards the
axis and facie, changes take place towards
the south-west.

Fish scales, fish trails and crustacean
tracks 1 the bluish-blvck lcca Shale,
plant an reptile fossils in Lowermost
Beaufort Beds.

Weathering of felspar to kaolin in certain
arkoses.
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TABLE 17

Ecca Series (Lowermost Beaufort Beds eroded

away) .

Bluish-black shale and arkose#

] inear basin parallel to tectonic strike and
probably bordered abruptly in the east by
the Eastern Highlands.

predominantly large-scale planar and trough
cross—-bedded units. Slump end compaction
structures also occur.

Sediment transport, transverse and parallel
to basin axis i.e. westwards and south-west-
wards.

Section thickens in the direction of axial
plunge. Facies changes take place towards
the south-west and west, Arkose deposited
in fluvial-deltaic environment; bluish-
black shale in fairly deep continental
sea.

Poorly nreserved plant remains.

Weathering of kaolin to felspar 1in certain
arkoses.
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ABLE 18

Ecca é6erien plus lowermost Beaufort Beds.

Greenish-grey and bluish-black shale, gray-

wacke, sub-graywacke, siltstone and thin
beds of chert.

Deep linear basin, elongated parallel to the
tectonic strike and plunging eastwards.

LOWER ECCA

Groove, prod, bounce and flute casts,
gr-.ded :ed ling, small-scale cross-bedding,
ripple narks, shale pebble conglomerate,
load structures, ball-and-pillow structure,
convolute lamination, slump structures and
sandstone dykes and sills.

MIDDLE ECCA

Symmetrical and asymmetrical ripple marks.

UPPER ECCA AND LOWERMOST BE-1UFORT

Dispersal
pattern

Arrangement

Large—reale cross—bedding, scour channels,
partinr line tion, ripple marks, shale
pebble conrlorncrnte” lond structures* ball-—
and-pillow scmctures, slump structures.

Faleocurrenta trended both transverse and
parallel to the basin axis during Lower and
Middle Ecca times. In Upper Ecca and
Lowermost Beaufort times sediment transport
was mainly northwards and transverse to the

basin axis.

Facies changes take place northwards and
the section as a whole reaches a maximum
thickness in the axial portions of the
basin. Lower and Middle Ecca deposited

in deep water environment. Upper Ecca and
Lowermost Beaufort deposited in fluvial-
deltaic environment.
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Post-Depositional
effects
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1' contd.

1T tp;montnl piant remains, fish trails and

ci istacean tracks in the 2cca Series. Plant,
reptile and fresh watr lamellibranch

tossi J occur in the Lowermost Beaufort Beds.

Subjected to regional metamorphism during
~..e Care rogeny. Effects diminish away
from the Folded Belt.



- ri!GTONICo AND ,IEDIMX;ijin TTOTJ

it /a! Jo periods of tectonic activity are reflected

in the lithologic nature of the sediments themselves. Due to
the numerous uncertainties which must exist in any attempt to
correlate the various litho-stratigraphic units in the Southern
and Western Facies with those of the Northern Facies, it was
deemed preferable to discuss the sequence of paleotectonic
events in the southern and northern portions of the basin

separately.
1. The Southern Portion of the Basin

The southern portion of the Karroo Basin is taken to
mean those areas covered by the Karroo Trough and the unstable

shelf areas to the north of this feature.
dppor Dwyka Tectonics and dedimentation

Follow!n,* retreat of the Dwyka glaciation, this
portion of the basin continued to subside. Gentle epeirogenic
uplift over large areas of the Transvaal and northern h.”tal re-
sulted in the re-workin, of mor ;inic debris in many areas. It
seems very likely that certain of the fine clastic material
constituting tho Upper Dwyka Shale was derived from the re-

working of these older glacial beds in the north.

Re) iv»f in tne Southern and Western Highlands was
probably re)util\?ly low, so that mainly fine clastic material
was transported northwards WiJ eastwards into the Karroo Trough
and the more slowly subsiding shelf areas to the north. The

coarse facies equivalents of the Upper Dwyka Shales were

- probably -
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probably deposited forther to the south and west and have been

subsequently uplifted and eroded away (see folder 4),

The pusence of the White Band as far north as Port
St. "olul h and Hope town shows that sedimentary transgression had
extended fair y far north by the beginning of Ecca sedimentation
(see iig. 1) » ihe southern portion of the basin was almost
certainly connected to the Permian seas by means of two narrow
accessweys, situated in southern South West Africa and in the

south-eastern portion of the basin.

Lower Ecca Tectonics and Sedimentation

The presence of thin beds of fine-grained sandstone
and siltstone in the eastern portions of the outcrop belt of the
Lower Argillaceous Formation, su ests that moderate tectonic
uplift took place in the eastern portions of the Southern High-
lands during this period. At the same time subsidence of the
Karroo Trough continued fairly rapidly particularly in the
eastern portions. Relief in the Western Highlands and in the
western portions of the Southern Highlands was not as pronounced
and therefore predominantly fine clastic material was shed into
the Karroo Trough and unstable shelf areas to the north# Cnee
again the coarse facies equivalents of this formation were

deposited farther to the south and west.

During deposition of the Upper Arenaceous Formation a
pronounced phose of tectonic u:lift took place in the eastern
portions of the Southern Highlands, resulting in an increased
paleoslope and the rapid transport of vast quantities of coarse

and fine-grained elastic material into the rapidly subsiding Karroo

- Trough -
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Trough (see folder 4). Re-dlstribution of these sediments took
place by means of subaqueous turbidity flows and paleocurrent
directions were transverse and parallel to the axis of the
basin, uelief in . Western Highlands, as well as in the
western portions o: the southern Highlands was not very hi%h at
this time, and therefore smaller gquantities of sandstone and
greater amounts o' shale were deposited in the south-western
portions of the Karroo basin. North of the present southern
outcrop belt o' the Ecca, the graywacke and sub-graywacke sand-
stones of the Lower Keen Iroup grade rapidly into shale. There-
fore, the time—strati.graphic equivalents of these rocks on the
unstable shelf areas to the north are mainly represented by

shale sequence.

Middle Kcca Teutonics and Kedimentation

During deposition of the Fiddle oca Group, relief in
the Southern Highl nds was not as pronounced as during deposition
of the Lower \cca roup, .he Karroo Trough continued to subside
fairly rapidly durinr this teriod and ,50V to *,000 feet of
bluish-black si tie was deposited. In certain areas - particularly
towards the east - r irly thick lenticular sandstones were laid
down. Sediment transport took place northwards, as well as
eastwards and parallel to the direction of axial plVijip*™»

Tectonic uplift in the eastern portions cf the Southern Iigh-
lands was more mn ked. These shales originally griled into a
coarse facies further to the south, which has subsequently been

uplifted and eroded away as a result of the Cape Orogeny.

In contrast to the relatively low relief in the

Southern Highlands at this time, the Western Highlands were

- experiencing -
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expGriencins rapid tectonic uplift and erosion, so that thick
deposits of sand were shed eastwards and north-eastwards into
the Karroo Trough. These sandstones grade rapidly into shales
towards the east and north-cast. A considerable amount of
overlappin. and interfingering of sediments derived from the
Western and Southern source areas takes place in the south-
wesvorn t( ..ions of t ie Karroo dasin. On the shelf areas to the
nortn of the Karroo Trough, the Middle Ecca Groupr of both the
Southern and /estern .-.ca Facies are represented by a reduced

succession composed almost entirely of shale.

i';v~er doo—v Tectonics 'nd dedimontatlon

During this period pronounced tectonic uplift took
place in bot. the Southern and /estern Source Areas, resulting
in an increase 1in the paleoslope and the rapid transport of vast
quantities of coarse and fine clastic material into the Karroo
Trough, Although this linear basin continued to subside fairly
rapidly the grc 'ter rate of sedimentation resulted in the filling
up of the basin and the introduction of fluvial-deltaic con-
ditions of deposition. Sediment accumulation varied from 1,°00

feet in the w nt to 4,100 feet in the east.

The co,roe elastics of this group were transported
almost across the entire width of the Karroo Trough and there-
fore tectouiam 1in the southern source area must have been more
pronounced during this period than at any previous time during
Soca sedimentation (see folder 4). Sediments deposited on the
unstable ohoIf nreoo to the north of the Karroo Trourh during
this period are mainly represented by a markedly reduced

auooesoion of bluish-black shale. A considerable e.mount of

- overlapping -



overl* r-“' 1k* inter fingering of sediments derived from the

Southern unci Vestern source areas took place in the western

portions of the Karroo Trough.

Io'."Cor. I /contort Tectonics and Sedimentation

Uplift in the Southern and Western source areas during
Lowermost Seaufort times was even mere pronounced than during
the Seea period. The paleoslore dipped northwards e.mu eastwards
respectively from these two source areas. Subsidence of the
Karroo Trou h continued to be fairly rapid, but the increased
rate at which *3e and fine-grained sediments were being
transported iufo the basin, resulted in the accumulation of
sediments above base level and typical shallow w"ter continental
conditions prevailed. Durinr this period the axis of the Karroo
Trough had advanced northwards. This marked period of tectonism
and sedimentation resulted in coarse and fine-grained elastics
being transported into the central portions of the Karroo Basin,
where overlapping and interfingering of sediments derived from
different source areas took place, wvn the unstable snelf areas
to the north of the Karroo Trough, a finer—-grained and greatly

reduced succession, displaying a number of disconformities is

represented.

2, The Uorh.ern i ;rt-lon <'f the—

The northern portion of the Karroo Basin is taken to
mean those areas covered by »ne crotonlc shelf, and the Natal

Trounh lyinr to the oast of this broad tectonic element.
Uwvka Tecto-'er, nod Sedimentation

Following withdrawal of the Dwyka glaciation in the

- northern -



- 171 -

northern pen ti ons of the basin, there followed a major break in
sedimentation during i.'/dich time the unconsolidated glacial till
was subjected to a considerable amount of reworking. In certain
deep, pre-harroo valleys the original till was preserved, while
in other areas the morainic debris was completely eroded away
and redeposited as fluvial-glacial sediments, Kent (1938) noted
tnat there 1s apparently no break in sedimentation between the
Dwyka Tillite and the Lower Leea shales north of Durban, thereby
suggesting that subsidence and sedimentation were continuous

during this time in certain portions of the Natal Trough,
Bwor Icca Toctenio:—. and Sedimentation

During deposition of the Lower Lcca Group, the Natal
Trough begin slowly subsiding and fine clastic material was shed
westwards and south-westwards from the slowly rising eastern
Highlands, A certain amount of fine sediment was probably also
shed centripetally into the Natal trough from the mildly
positive areas flanking this feature in the west and north-west.
Downwarping of this linear basin was more pronounced in the
south and with time subsidence spread westwards and north-west-
wards onto the surrounding eratonic shelf areas, It is also
possible that deposition took place during this time in certain
large pre-Karroo valleys in the west rn Orange I' ce 3ts.e, The
Lower Ecca Shale was not deposited over the mildly positive
areas surrounding the Clocolan Dome uc well as nortl
latitude 27°30' (see folder 1). Inateac these mildly positive
areas either acted as broad zones of sedimentary by-passing or
subordinate source areas. These shales originally graded into

a coarse sandstone facies towards the Eastern Highlands (see

folder 4).
- Middle -
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HillSile cc 1 .bctonics and E-le”imentation

xapa up4.j:t and erosion of the granitic Eastern
ilii ;. ni-.r resulted in vast quantifies of course arkosic
material be i~ shed south-westwards and westwards into the
Natal T"rough and the more slowly subsiding cratonic shelf areas
to the west of this feature, Lithofacies and paleocurrent
trends indicate th it relief in the southern portions of the
Eastern hi '"hi U was not as pronounced as in the northern and
central areas# With time, subsidence of the craton spread pro-
'ressively northwards BEd w.iat had been areas of sedimentary
by-passing in Lo er Ecca times now became areas of deposition
(see fclder 0). Eeiinentation first occurred in the pre-Karroo
valleys and subsequently spread over many of the pre-Karroo
hills. The /itwatersrand nrch and the central portions of the
Clocol m Dome were r )t completely covered durir-!' this period

arid therefore acted & rallly positive source areas#

Coarse moralni.c debris originally deposited in this
area durinr Dwyka tinica was subjected to reworking and became
incor; orate 1 with the Middle loca sediments as typical fluvial
conglomerates, fhe predominantly coarse-grained Middle Ecca
sandstones grade progressively into shales towards the south-
west end ultimately the whole series 1s composed almost entirely
of bluish-black shale (see folder 4). Lithostratigraphic and
structural evidence has shown that the Tugela Trough represented
a fault controlled basin which underwent fairly rapid sub-
sidence during this period. At certain times during deposition
of the Coal Formation subsidence rates wore sufficiently slow

over wide areas and for sufficiently long enough periods of

- time -
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time to enable thick seams of coal to accumulate under shallow

water lacustrine or swamp conditions#

Upper licca Tectonics and Sedimentation

Piie tact that the Upper Kcca Group is composed almost
entirely oi : mle su.-rests that relief in the Eastern Source
Area was not as pronounced as in Middle Eoca timese During
this period the Uatal /rough and the cratonic shelf to the west
continued to subside at relatively slower rates. This unit
maintains a fairly constant thickness of 600 - 800 feet over
most of the cratonic shelf, a feature which may be explained by
more even rates of subsidence and the limited effect played by
the pre-Karroo topography. Although sandstone constitutes an
insi nifleant percentage of the Upjer Ecca succession withir the
present confines of the basin, these shales are thought to have
originally graded into a predominantly coarse ' nstic facies
towards the north-east (see folder 4). Deposition took place

over most of the Vitwatersrand Arch and the Clocol-in Dome during

this period.

Lowermost Beaufort Pectonics and Sedimentation

The presence of coarse sandstones and conglcme ates
in the Lowermost Beaufort Beds elearly indicates a sudden pulse
of tectonic uplift in the eastern source area. Phis was
accompanied by relatively alow rates of subsidence on the
cratonic shelf areas and probably also in the Natal Trough.
Sediments wore shod south-westwards and westwards into the
depositions! basin. The continental sen which occupied most

of the northern portion of the Karroo Basin during Upper Jcca

- times o
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times had largely been replaced by fluvial-deltaic conditions
during deposition of the Lowermost Beaufort Beds. Under favour-
able tectonic and paleogeographio conditions thin coal seams
were laid down. the Lowermost Beaufort Beds must have originally

extended over the entire Witwatersrand Arch.
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vi-1i— UAJi—yic £l viRONn,nt;j snp %, leogeogh\phy

A. 1510 n TION:,I RQIMIVTJAG

Ersenda l to ary stratigraphic analysis 1s the recon-
struction o. tiio 'inclent depoaitional environments. Marked
vertical ml 1lateral variations 1in the uepos.itional environments
are a ci.aract<.:ritic leature of the Ecca Series, Therefore, en-
vironmenta . evidence will be discussed according to the various
facies constituting this series, The Lowermost Beaufort Beds
were deposited under a acre uniform environment of deposition

and will be discussed as a Single unit,
1. The Southern Ecca Facies

Du Toit (1T6) bel'eves that the sediments constitut-
ing the Southern Ecca Facies were partly deposited as broad
alluvial fans 1in a ohH ow water environment. However, the
writer in of the opinion t at more than half the sediments con-
stituting this facies wers deposited in a deep water environment

and evidence for this will be iresented below.

The pres nice of r diolnria in the Upper Dwyka Shales
near Matijjesfonte (Strydom 1"50), together with phosphatic
nodulei) and thin bedu of 11litio clay strongly suggests that
these beds were deposited in a marine environment. The fossil
fauna in the Upper Dwyka Shales of southern South Vest Africa
further supports the contention that marine conditions pre-
vailed during Upper Dwyka times. Over wide areas of the Cape
Province the Upper Dwyka shales pass conformably upwards into

the Ecca Series, the contact being taken at the top of the

- White -



arvle Lu"vl®ermorei -he sediments constituting the Lower Argill-

aceous bormation strongly resemble the Upper Dwyka Shales,
Therefore, a,liioui;;h no marine fossils have so far been dis-
covered in the Southern cca b'acies its close genetic and strati-
graphic ,elnt ionship to the Upper Dwyka Shales leads to the

su *Kstion tn.'.t i.,0 hcrer «cca Group may have also been deposited
in a marine environment. The well-developed lateral continuity
of bedding in the Ipper Dwyka Uholes and the Lower Ecca Group
suggests that these sediments were laid down in an extensive body
of water. The White :and is a classic example of a thin zone of
sediment:; deposited over an area some SO,000 square miles in
extent. Thin beds of illitic clay and phosphatic nodules within
the Lower Argillaceous Formation ore indicative of a marine en-

vironment .

The abundance of typical turbidite structures such as
groove, prod, bounce and flute casts, gradedbedding, small scale
cross-bedding, convolute 1 mination, slump structures and r ui-
stone lykes, indicative of a deep water turbidite succession.
Directional structures show that sediment transport was m xin™>
by currents flowing down a sub-aerial slope in 1 deep water en-
vironment, The absence of typical shallow water sedimentary
structures such as large-scale cross-bedding, scour channels and

mud cracks further support-’ the contention of a deep water

environment,

The rapid wedging out of sandstones within the Lower
Ecca Group into shale towards the north Indirectly suggests
the presence of an extensive and deep body of water occupying

the site of the Karroo Trough during this period. It 1is

interesting to note that nearly nil generally accepted turbidite

- Ssequences -
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sequences were deposited in flysch basins associated with geo*
synclinal zones. Furthermore, although fossils in a flysch
sequence -ire rel. itively rare, they are generally pelagic or
relatively deep-water benthonic organisms (Dzulynski and Walton,
I'-'CY). ite de| th of water in which the turbidite sequence of
the Southern .cca Facies was deposited has to be inferred from
indirect evidence. Based on the palaeoecological interpretation
of forar.infera, Gullv/ood (I960) concluded that turbidites of the
Modelo Formation, California, were deposited in about 3,000 feet

of water.

The presence of invertebrate trails and crustacean
tracks indicates the presence of benthonic organisms living on
the sea-floor at the time of deposition. Fragmental plant
fossils and silicified wood occur in certain beds and are usually
indicative of a terrestrial environment. However, it is also
possible thet the original plant material was transported into
the Karroo Basin from the margins and therefore the possibility

of a neri.tic environment for these "Ma should not he excluded.

The thick succession of bluish-black shale constituting
the Middle loco Group was probably deposited in a relatively deep
water environment. The dark colour and well-bedded nature of
these sediments sugRests deposition under entirely subaqueous
conditions. Symmetrical and asymmetrical ripple marks are the
only primary sedimentary structures occurring within these rocks.
The absence of large-scale cross-bedding, scour channels and
other typical shallow water structures Indirectly supports the
idea of a deep water environment. The enormous lateral extent
of these shales suggests that they were deposited in an extensive

body of water, probably in the form of a continental sea. The
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apparent absence of typical marine fossils further supports the
idaa ol a continental j;etwith only restricted openings bo the
oce. 1is, i.ivi'i-tohrate tracks an.) tra ils and. pur 1llel rcratch
marks thougl* t to have aeen Produced by the ventral fins of
Iia.tes cloirly indicates the presence of abundant animal 1life.
However, eurrinic bottom cond itions may expl in in p, rt the

app rent 1 sence of the!'- fossil remains, hilicified wood and
i .otcri inat . pi: il frap:. :nts near the top of this unit arc
comp ti le with I'.o commencement of fluvial deltaic conditions

towara t.e close of this ieposition!'l period.

In Upper feea tines pronounce i tectonic uplift in the
source area to the south resulted in the rapid influx of coarse
clastic eat >r; vy into the Karroo Trou ;h. The r.-leorlope was

incline 1 towards t* e aort! I o\bside.ee of this surface was

period of tectonism in the source area was responsible for the
northward tin] 1; 3 mt of tlo shoreline and t o change from deep
water conditions during Lower nd I .&K]e Ecca bhi.'ies into Tiiviv.1
is* hi teral corf inuity
of bed lin.- is poorly developed in this group and tie presence
lrrge-sc le pi .. r croon-bedding, abundant symmetrical ripple
' , Slump .
ates and parting lineatioas points towards a iluvul-df Itaic
environment in the ana of the southern outcrop belf. This con-
tontion ifl further .pported by the pretence of .Uicifled wood
and plant foaeilo. North of the outcrop belt, driUln* has
shown tu t sandstones of thl- rroup (trade progressively Into
shales towards the north (nee folder 4), therefore, it would
seem that the predominantly fluvial-deltaic conditions erletin*
in the southern port:one of the basin Gradually merged into

- deeper -



deer,or writer cor fitionc towards the central portions. Although
liudo 'ss Inown about the detailed stratigraphy end jedimen-

, 1
poos ihie I t 't-.-More bars and beach deposits may exist in
tn®: e *uv..e:{ tar typical fluvial-deltaic sediments of this
frou’ e ! iie exter. ;ive body of water (continental sea)

occupyi a.~ tnc* >?ntral portion-, of the iarroo Basin.

In cu.x..ry, the donthorn deca Facies records r change
from x deep-water marine or continental sea environment into
1 Yvi L 1- 'xic coi. litions. .t the same time & pronounced
period ¢ tcct “nic uplift in the source area to the couth during
Vrper icco tir.es, resulted in a major northward displacement of

the sh >re'iae (see folder 4).

The basal s’ ler within this facies are lithologically

’

of beddingi

eccn 1iroUT , to —ctBar with the dv.md i.we of ¢ Icareous nodules
and t) in beds of 11- estone is Indicative of denosition in an
ext", ilvc body of water. The only urinary sedimentary struct-
uren observed in this croup are n few ripple marks r d well

dev,lo| I ooniJ-in-cone structures occurring In the c. lorreous

shallow water alimentary structures such no i..rpe-sc. Is Ccross-—

- . tely absent.

Therefore, from this nepative evidence it has been concluded

that the Lower -ccn Group war mainly deposited under relatively
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v,, wood
13 11':'" 01VG OL "1 torvostrii.l environment, but t. .inf the other
ev :Je. c- inti e:ount 1t io believed that the ori-jiaal plant

1 tr Bir-ported into a deeper water environment from

Lo & * 1 1v 1,13 o: tiie basin lyinf 'ttrther to the south-

west id\ esv, .

' i livle - lboer ,coa x '.men tectonic uplift in
tle /ester ! . It .( western oortionn of t a Southern
"e" 1 nin reml tel vast amounts Of coarse cl otiec ;iterial

m i ! r uitwards i.,to tle l.erroo S in.
\% 3 . lire, v " :h in turn resulted in a displace-
al < v' arcs. fro: £ MWy h >viter co.d'tions Ir.rinf lower

.ecu ' .es to fluvial-del:he conditions during Iidole and

pro:. :e o &K ,111'" cl wood a I leaves a well a.Bi,e o.mndanve

ind<c tii. * t1 t ] roureru Ively dc " or water conditions existed in

tl in iroclion.

Ml -LIL'TO

) Tolt (if 56) believes tliat these beds were denosited

In » do p watnr environment but doeo not areoify w’,ether marine

coni itiou - prevailed.
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ihe enormous area over which this facies was deposited
With 3v 111t,1c 1i tholoi’ical variation is thought to indicate
depo 1 ion MI an extensive body of water in the form of a con-
tinental sea wvhich occupied the central portions of the Karroo
-rsin 'H tout thr ,cc, reriod. The apparent absence of marine
fostj. 1+ lu. d: to the conclusion that only narrow accessways
connected M .i o .t.ensive body of water with the Isrnion Oceans,
therefore, re. trict-i, de-orypenated, still bottom conditions
prol bly rev * led. he fact tat sandstone formations within
the ok r V ree feclea r de rapidly into shale towards the
cent r 1 1i»t.'" ns of t o basin, cle rly indicates that extensive,
f i.dy avep water conations occurred in this area. Parallel
scrutch % rhsthou.pt t to h vc been caused by fishes and the
ibund r.c® of rustacean tr .c’.s in the basal beds of this facies
indie tec thepre.:e. e 0of e¢..im—1 life. The rarity of shallow
water sedimentary structures 1s an outstanding characteristic
of trie, facies. Symmetrical and rs.-nmetrical ripple marks a;id
r.all-ac e croas-bedui am are only found in the uppermost beds
end often occur in association with worn burrows and olani
fos ils, thereby in .dentinB t at s :xllow water cont.itions exi ..ted
at tti. tim-+ Tr nbund nee of fucoid structures (vrobably ousts
of pint stem impressionn) indicates that a considerable amount
of plant m.tori'.l wan transported into the central portions of
t e in mvl Ini 'l down under fairly deep water conditions. The
preferred or!, at tion dio.,1 yed by moot of these structures in-
dicates that sufficient current movement took place on the sea-
floor to ell a those structures P rallel and at rivht n-les to
tie irovoilin e current direction, fyrite nodules and abundant
carbon coons atari 1 in these shales .-mrRestn that floor con-

ditions were of a reducing nature. These toxic bottom conditions

- may -



may expl m 1in n rr the apparent absence of fossil remains in

these bluish-black shales.
4. Tiio 1:('rLhorn .:cc\ Kacies

During Lower Ecci times, the continental sea which
occupiei the central portions of the Karroo 3asin transgressed
northward along the site of the Natal Trough and the deep pre-
Karroc valleys in the western Orange Free St te. Here, a fairly

thick ; occasion of well.-bedded bluish-black shale was deposited

under rel .tivoly deep water coalitions. The abundanC' of car-
bonaceous : .terial in these s.ialeo suggests that they were de-
posited under luiet water, reducing conditions. The absence of

typical shallow water sedimentary structures further supports

the ide t: it these sediments were deposited in a relatively deep
water environmente Apart from the indistinct leaf impressions
found by King (194 1) in tl. wvicinity of Pietermaritzburg, no

identifiable macrofossils are known to occur in this unit.

Ir. Middle Eccn times rapid u lift and erosion of th
lastern Highl mdc caused enornoua quantities of sedimentary
detritus to be transported south-westwards and westwards into
the northern portion of the Karroo Lanin. During this pexxod
the shoreline wns 1Itsplaced southwards and fluvliJ-delcalc con-
ditions prevailed over most o0f the area covered by the Northern
JJocoa Facies. Lnrro-ncale planer and trough cross-beddlnp, ripple
marks, fluvial conglomerates, scour channels and slump structures
Imply deposition by shifting variable currents in a shallow water
environment. The relationships between the paleocurrent pattern
and other sedimentary properties such as facies changes, thick-
ness changes, decrease 1in average grain nine of sandstones, mean
thickness of planar cross-bedded units and pre-Karroo valleys,

- point -



- TH) -

point tow .Ms o predowinantly nuvial-aeltatc onvizonment. The

coB u an

.ownrds the south, these rr,,dominantly fluvial-deltaic conditions

Ihh» r .ae 1icca Group are a few thin beds of carbonaceous shale

'ich on the basis of their microfooslla are considered by hart

that at certain

Bic "op.ilaeontele ¢leal studies of the carbonaceous shales within
t.:e Jen r 1>ea Facies may reveal the presence of further mun..e
eas. u:bandeof rlauconite have been fourd to occur exto isive-
ly ".it! .n tiz 21 ilie Jcca Group, with feu exceptions, t is
miner.', 1is lor-ed in n m rine environment in de-ths of wr cor
'

of annu groutti rings 1in specimens of fossil wood, to-ether with
deci i\r = p nt fosail.s ' .l coal seams indicates that a cool

moiat 1 Mte rr vailed durin * this period.

Durin I ; <*r icca tines, reduced relief in the Eastern

* ] f - icc ' 1vwv ' cvni:inue” -u-.sidence in the northern
porti of the ' n results: in a second major northward tr.uia-
r™ree ion o't o .le . As evidenced by ti.e dundance o' car-onac-
i the Upper
fc—water|
aiiv'ron i/t. Thep'asonce f thin uds of limestone indicates

t t f.t cor*tin iin.t.1 the water was relatively shallow, but the
nence of tynicol rhallow w ter .e-.irvntary structures excludes

the po.: ibility of turbulent rf allow wxtor conditions. The

presence of fish cmains in ferruginous shale nodules proves

the preee ce of aquatic 1life duri . this period,

_5’ —
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1* 3eaufo»t

lis continental sea which had occupied the central
persons o ' the karroo esin during Upper /Jcca times had largely
withdrawn during deposition of tne lowei”ost Beaufort Beds and
shalo '"water continental environmental conditions became nre-
domin, nt over moat of the basin. The presence of abundant
Inrre-se ie -!n 7 -'md trough cross-bedding, scour channels dis-
como:allies, r le ]>bble conglomerates, and ripple marks
BMlloa ( ' °‘Ltlun 1ln shallow water by shifting variable currents.
iu;-orac 1, 1id the abundance of red, m roon and purple mudstones
vl r%o.sit,on on ; '"luvi -I mud flats in an oxidizing envir-
az:, ent. I abundance of fossil reutiles and plants is indis-
bnment. Co .1 se ms
t: wu lanticui \i A 03 limestone indicates that under favour-
s' le tectonic i jeLoot >grar tic conditions lacustrine e A swamp
er.v ronrontr- )r)wveilei. In certain o' these 1 kes and swa 'ms
laien r t cvi le ce his le Oi.tr tol that the karroo hasin
ay Vi ' > or to the sean in the south-eastern portions of
the t ore fore dooror water conditions nay have pre-

rers.

.. hY

In addition to discussing the naleogeogranhy of the
keca i T.rwr oat Beaufort .'eds, a brief account oi the oolo-

gical history of the Cape by eten wi 11 Iso b: given,

1. kh'' h'ae . t.ein

During late ilurian times bouthern africa was io—

pr rented by a broad shield txren flanked in the south, south-

- west -
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west asst, by a rapidly subsiding arcuate trough. The outer
margins of this more or less continuous linear downwarp were
probably bordered by a rapidly rising belt of high ground.

Prior to deposition of the Cape Uyeten, extensive areas of the
southern Cane Province id coastal atal were subjected to pene-
pl ,nation (Ju toit 1956). In the north-central portions of the
cr.”.toric nlnel 1, there existed a number of mountains and high

1Id couapof;ei. o pre-Cnr,bi 'in formations»

Fileocurrsnt measurements at the reconnaissance level
have Lr.own t..; t vast quantities of sediment were shed radially
outwards from the central cr tonic shield and deposited into the

LorfoLudl ocyncline. Longitudinal transport also took place in
the ocial portions of t e troughs. The rising linear belt of
i "n ro n. thou ht to have bordered the outer aiargins of the
peril r ltrou hsis also believed to have represented a major
sourc ro ur;n Bdeposition of tl e Table Mountain Series*
au B ton ot l (175) indicated the presence of a highland area
lyir *t t e west of the Macial deposits within the Table
Koun'.'in Jler'es. Phe subsidence rates within the linear troughs
aypo r to nav] kepi rr ce with the rapid influx of coarse sedi-
mentary detritus and shallow water conditions prevailed. Rust
(I 3?) found nine fossils in the Table Mountain Series of the
Wester—- Folded elt, thereby proving the existence of marine

con 1 ion dun nr deposition of cert tin portions of this series.

Inopt ch naps of the Table Mountain Series (Kingston
et al ? Gl) clearly indicate that the trough-like depressions
f'lonr the eastern a idsouth-western flanks of the crutonplunged
southwards, while the fore-deep lying tio the southof the shield

had in e nterly plunge* The earth's crust must have been deeply

- depressed -



de] "eased where the southern and eastern marginal trour.hs met,
and therefore formed an ideal area for inundation by the seas.
Baj;ed >n . 1U'-hle lithostrntigraphic correlations and thick
neSi' mori.rirone its, it may be deduced that sedimentary trans-
Eren i)u v u inv.irds from the marginal troughs towards the
central eratonic ; elf are."a during this period. During Jolcke-
veld .Imes cwi.tlnued subsidence of the arcuate trough along the
southern and south-western flunks of the cent 'al shield area
caused this linear depression to be inundated by a shallow sea
hhich extended westwards from an opening to the oceans in the
east. . e f. ct luat the lohkeveld sediments were only deposited
in the ixial portions of the southern and south-western troughs
clear]y points towards sedimentary regression during this period
lie Villiers 1944). .lediments of dokkeveld age may also have
been deposit*, i in the e item trough, but unfortunately only

the marginal portions of this feature are exposed, the central
or structurally deepest portions being situated east of the
present 'atr.l coast, a f-v widely spaced cross-bedding measure-
ments in v 5 southern and western troughs were recorded during
the at iy, and have indicated that sediment dispersal p. tterns
iurin do! xevoId times were essentially the same as during de-
position of the fable Mountain dories. The finer—-grained nature
of these sediments suggests t at relief in the source areas was

not os pronounced os during deposition of the Table Mountain

>iidstone e

During deposition of the Witt.berg Berios (Kiddle
Devonian to Lower Carboniferous) subsidence within the southern
and south-western troughs was mainly confined to the axial
portions and further sedimentary regression took place (see

folder 4). Mountain (1964) found that the /itteborg sediments



in the vicinity of Grahanotown wore mainly derived from a south-
easterly source. Jtratten (in press) has recently found that
the +v'Lie err, sediments 1in the south-western trough were mainly
derived 7Trom a hit-)il.and area lying to the went, while in the
southern trough pnleocurrent trends clearly indicate the
presence of two source areas. The first lay to the south, and
the second to the nort . in the axial portions of this trough
interf ingerinf o0/ s”dimerits derived from these two source areas
tool place. ihe marine environment which prevailed in this area
during lokkeveld times appears to have lingered on in certain
portions of toese linear dovmwarps during Witteberg times, (Swrt
1 {C), The 'undance of cross-bedding (Stratten in press) and
overturned cross-bcddinr (Mountain 1%4) indicates the presence
of shallow water conditions. The presence of plant fossils
Snlronhyton aad fossil fish (Theron 1962) points towards a
shallow marine or littoral environment. On the basii, of palaeo-
bot tr.icnl evi euce, I lui .stead (1 >7 P* 1;) concluded that the
clim-te was cold and wet. Sediments of Vitteherg age m y SO
nave be”n lepo.lited in the eat >rm trow h, but there is no
evidence to prove his. 'lief in the source areas was rel itive-
ly high luring this per ix/, as evidenced by the abundance of

co rse clfotic material. ?"om folder M it is possible to see

that the axis of the southern geosyncline a vanced northwards

during Cane System times.

2. Vho karroo System

On the basis of paleo-ice-flow directions, Du roit
(1996 p. 277), deduced that during the Dwyka Ice-Age (Carboni-
ferous) there were four centres of glaciation. These arc thought

to have been situated 1) in the central portions of South West

- Africa -
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.ilr.ici, .) in the vicinity of Griqualand West, J) in the central
fram'vaal ind, -I) east and north-east of the Natal coast. In
addition, Stratton (in press) has recently indicated the
presence of a further two centres of glaciation. These are 1)

a major centre lyir.7 to the west of the Western Cape Folded Gelt
and ..) a smallc” but si-nificant source lying to the south of
the lout;tern X ;e Folded >elt. Due to an increasingly cold
climate these positive areas developed an extensive glaciation.
From these centres the ice sheets spread basinwards and the
central shield area, which up till this time had remained a
broad positive area, new became depressed and started accumu-
lating extensive deposits of glacial till. The marginal linear
trou-'hs continued to subside at relatively faster rates, and
therefore grc ter thicknesses of tillite were accumulated in
these are s compared to the deposits on the more at ble central
craton. Tillite was probably never deposited over some of the

higher mountains in the western Orange Free State.

oL the end of the Dwykn Ice-Age, extensive areas of
Southern Africa were covered with tillite. In tie succeeding
per od subsidence and sedimentation continued uninterruptedly
over large p-.-ta of the Cope trovince. However, extensive areas
in the no -th-e stern .ortion of the basin were epeirogenice.lly
uplifted, and vast anounts of tillite were subjected to erosion
and reworking* Therefore, it is very likely t at much o
fine clastic material constituting the Upper Dwyka Shale was
derived from the reworking of older glacial beds in the north.
Relief in the major centres of glaciation had been greatly
reduced following this extensive ice-age. The climate was

cold and wet and the Upper Dwyka Shale is thought to have been

- deposited -



deposited in a ieep-water marine environment. The sea which
occupied 1l.rge areas of the Cape irovinco and southern South
West Afric; 1H ttiourht to have been connected to the oceans by
means of two narrow accessways, situated in the south-eastern
portion oi t .e basin md near the present position of the Orange
River Kout.n. It rust -e realised t>*at the accuracy of any
attempt to reconstruct the paleogeography during Ecca times 1is
limited t ie uncortaincies which exist in the present corre-

lation ct :m:rourn of strata between the various facies,

Duririi' Lower icca times the Southern highlands were
beinp; ctively uplifted and eroded, while relief in the Western
and & atern fi .1 aids was relatively low. Sedimentation was
mainly confined to the Karroo and at. 1 Troughs as well as
large -vc is of the Cane frovince and south-western Or nge Free
State. Bo -onition 1id not apparently take place north of
latitude 27° and over the mildly positive areas surrounding the
Clocol n Done. Innte ., tlese positive areas acted as sub-
ordinate .source are n of Lower Lcca sediment. Very deep-water
conditions prevailed in the Karroo rough end fairly deep-water
conditit no nre thought to have existed in the Natal Trough and

A

over those portions of the cratonic ge.il wirre uov/er “cca
sediments were being deposited. During this period, the Karroo
Basin was probably connected to the oceans by me .ns of two
narrow uccesnw ys J1d restr’cted, reducint , s+ill bottom "ou

ditions prevailed. The cli.iate was cool and wet end nbundant

vegetation flourished around the margins of this extensive

continental sea.

Burin - Middle lcca tlmea the Raetern and tern

highlands were being actively uplifted and eroded and vast

- quantities -
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quantities of sediment were shed into the basin. In contrast,
relief 1in tne Southern Highlands was relatively low and mainly
fine clastic material was transported basinwards. With time,
subsidence of the craton spread progressively northwards and
what had been areas oi sedimentary bypassing during Lower 3cca
times Dbecame depositional areas during Middle Ecca times. The
Witwatersrand Arch and the Clocolan Dome continued to act as
subordinate source areas. Both the Karroo and Natal Troughs
subsided at relatively faster rates than the cratonic shelf
areas and therefore accumulated greater thicknesses of sediment.
Deep-water, reducing conditions prevailed in the central portions
of the basin, as weld. as in the eastern and central parts of the
Karroo Trough. However, 1in the northern one-third of the basin,
inflooding of wvast amounts of coarse detritus, resulted in a
southward displacement of the shoreline and the introduction of
fluvial-deltaic conditions. Minor marine transgressions did,
however, take place from the soutn during this period, as
evidenced by the presence of thin beds of marine shale associated
with these sediments. In those areas where favourable tectonic
and paleogeogi 'phic conditions prevailed extensive coal swamps
flourished and the climate was cool and wet. In the south-
western prrtlonc of the basin coarse nnd fine clastic material
was helnir shed eastwards nnd north-eastwards intc the basin and
fluvial-deltaic conditions are tmuKht to have prevailed. Vege-

tation was fairly abundant and the climate was cool and wet.

In Upper Uon,. times, tectonism in the Southern and
Western Highlands was either more pronounced than during any
other period of Ecca sedimentation Or the source area lay closer

to the depositary. Enormous volumes oOf coarse and fine clastic

- mnterial -
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material were shed into the rapidly subsiding Karroo Trough and
the fine-grained f ilea equivalents of these sediments were de-
posited on the relatively stable shelf areas to the north of

this linear downwarp. Relief in the Eastern Highlands was com-
paratively low during this time, and predominantly fine clastic
material was S’ed into the basin. The Natal Trough and the
cratonic shell areas to the west and north-west of this feature
continued to subside at a steady rate. Marked tectonisra in the
Southern and Western Highlands caused sediment to be shed

rapidly into the Karroo Trough. This resulted in a northward
displacement of the shoreline, and the establishment of fluvial-
deltaic conditions in this portion of the basin. Northwards,

and towards the central portions of the basin, the fluvial-
deltaic conditions gradedi.ito a relatively deep-water, reducing,
continental sea environment. Continued subsidence in the northern
porti ng of the basin during Upper Ecca times, resulted in a major
northward transgression of the continental sea which lay to the
south, Comparatively deep-water, reducing, conditions were most
common, except towards the end of Upper Ecca times when pro-
gressively shallow, oxygenated con itlons became predominant,

The climate was cool and wet, and vegetation was abundant,

The Southern, Western and Eastern Highlands were being
rapidly uplifted and eroded during Lower Beaufort times and vast
amounts of sediment were shed into the Karroo hasin. The oxis of
the Karroo Trough and probably also the Natal Trou :h advanced
northwards and wootwards respectively, While subsidence rates
in these two troughs continued to be comparatively rapid, the
cratonic shelf areas subsided at a slower rate. This feature

resulted In an essentially continuous succession of sediments

- being



beinn deposited in these linear downwarps, and the presence of

disconformities and diatoms in the sedimentary successions de-

posited on the cratonic shelf areas.

lae continental sen which occupied extensive areas of
t Karroo . inin during Upper Kcca times had largely withdrawn
duiing Lower ..eaufort times and shallow water continental con-
ditions prevailed over the major portion of the basin. The
Lower ieaufort sediments were deposited over most of the pre-
Karroo topographic highs, such as the Witwatersrand Arch and
the Clocolan Dome. Minor marine transgressions may have taken
place from the east during thia period, but in general the

Karroo became - closed continental basin.

In the Southern Cape Folded Belt, strata as young as
the Lower Beaufort have been involved in the folding, indicat-
inr that the earliest toctonism could have commenced in this
area was during Upper Iermian times. Therefore, it is generally
believed tt at towards the end of Lower Beaufort times, the first
Significant pulse of folding took place in the Southern and
Western Cape Folded Belts. Further evidence of this major
jectonic event 1is seen by the presence of coarse grits and con-
glomerates in the Middle Beaufort Beds near Last London and
elsewhere in the Eastern Irovince. Mountain (IW) showed from
a study of tho cross-bedding that the Middle Beaufort Sandstones
in the Eastern Province were derived from a south-easterly
source. Therefore, it may be concluded that this major phase
of tectonlom during the Upper Ferminn wee more pronounced in
the east end south-east. The abundance of felspar in the
Middle Beaufort Sandstones in the eastern and north-eastern

portions of the basin strongly indicates that a predominant'-

— cprAnitic *



pranitic source area occurred along the eastern margins of the
Karroo dasin. rewards the central portions of the basin a con-
siderable amount of intermixing of sediments, derived from the
Eastern, Southern and Western source areas took place and a

typical shallow water continental environment prevailed.

During Unper Jeaufort times continued tectonic uplift
arid erosion oi th eastern, Southern and Western source areas,
result &= 1: a continuous supply of sedimentary detritus to be
shed into t:.e Karroo Basin. Subsidence rates witnin the basin
continued to be slow and sedimentation took place in a ah”llow-

water continental environment.

Although tectonism in the Southern and Western Cape
Folded Belts is believed to have been more or less continuous
during deposition of the Middle and Upper Beaufort Beds, De
Villiers (1970 states that the major period of orogenesis
within the Southern Cape Folded Belt took place during Molteno
(Triassic) times. On the basis of heavy mineral studies Ryan
(1°G3) confirmed the presence of Vitteberg quartzite pebbles in
the Molteno Beds, and by means of pnleocurrent studies showed
that the dominant source of these sediments lay to the south,
thereby indicating that Witteberg quartzite of the Southern
Cape Folded Belt was being actively eroded at this time and
that sedimentary cannibalism was taking place i.e. older sedi-
mentary deposita within the basin wore being uplifted along the
southern margins to provide the material for later deposits
within the same basin. Tr addition, « secondary source composed
predominantly of gran 1c ocks lay to the oast md south-east
of the pres nt Transkei coast, indicating that i.ectonic uplift

of Basement granite had taken place during this period.

- Deposit
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Deposition took place under shallow water continental conditions.
These sediments were not deposited as far north as the over-
lying Red Reds which overlap the Molteno Beds towards the north
and come to rest disconformably on older Karroo strata or the

pre-warroo suriace. The climate was temperate and wet, and

abundant wvegetation flourished.

In general the tectonic frame-work during deposition
ol t iff Red ;'eds and wave Sandstone was essentially the same as
during .lolteno times. The red, maroon and purple muds of the
Red Beds together with the abundance of dinosaurs points towards
arid conditions, . addition, the abundance of large-scale cross-
bedding in the Cave Sandstone together with the well sorted
nature of the sand grains is indicative of a typical aeolian
sandstone. Cross-beddinr measurements in the Cave Sandstone of
the Vaterberg Coalfield Ryan (1%5) indicates that the paleo-

wind-directions in this area were norvi 69 degrees ease.

Karroo sedimentation was finally brought to a close
by the outpouring of vast quantifies of basaltic lava during

early Jurassic times.
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VIIT. tXCNQMIC GEOLOGY

TIjg prerent study, together with a detailed aedimen-
tolo ,ical study carried out on the Waterberg Coalfield (Ryan
1965) 1 has led to a better understanding of the origin and
locali ation o known no 1 deposits both in the main Karroo
Basin and in the rmaller basins to the north. Consequently it
has been possible to make certain predictions regarding future
exploration fo ¢ iurt .er deposits. Similarly, reconstructions
regardin' the p'leotectouic fra ework, paleoenvironmental con-
ditions and r leereo ;raphy, within the main Karroo Basin during
Bcca and Lowermost Berufort times, have enabled valuable con-
clusions to o dr iwn re - rdinle the possibilities of findin#" oil

and ras.

0. .L

Economically, col is by far the most important
mineral deposit found within t’e Kanoo Basin, at present
almost the entire production aame:-, from the Oca] Formation of
the Middle Zoo, Group, but potentially exploitable deposits are
also known in the Upper hecu Group of the Northern Facies, the
Lowermost Beaufort ,eds and the Molteno Beds. In addition,

Martin (I'IGl) drew attention to the presence of thin coal seams

Before r-kinr any recommendations regarding future
exploration, o brief summary Is given of what are considered to

be the most important geological factors controlling the

localization of know deposits#



- 196 —

"5 ?*1LOC/"'.LIC .TION OF CO>L

In o-.'rr Lo understand the geological conditir- con-
trollin; % e loc 1 aat:on of conl deposits within the Ecca and
Lowermost Beaufort 3eds it 1is essential to interpret the known
co 1 osnn , <wHO 1in t eir p leotectonic, paleoenvironmental

and p lec —e0o " ; lie settin The following factors should be

taken into account -

1. The economically important coal deposits lie north of
lacitude !9

2. Sediments constituting the Middle Ecca Group and the Lower-
most >eaufort Beds were n inly deposited under fluvial-
deltaic conditions in the northern portions of the basin.

.ixcent for those portions deposited in and around the
margins of the Eat 1 Trough the entire Middle Ecca Group

of the Northern F?cies was 'sited on a relatively slowly
subsiding stable shelf.

4. With time, subsidence of the craton spread northwards and
progressively higher formations within the Middle “cca Group
cone to rest uncomformably on the pre-Karroo surface.”
Similarly fregressive]y higher coal seams within the uoal
Formation lap out against the pre-Karroo surface in a
general northerly direction.

5. The shape and extent of many of the original coal swamps
along the northern margins of the basin was controlled by

re-Kai .
the ori 'irul m teri 1 was accumulating were confined to the
valley* awl >tsins on t o pre-Karroo surface.

' g. 1lit

-8. -
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South of 1 fitude 2<u the predominantly fluvial-deltaic
con 1 ion 'oi the Middle :cca Group “rade into relatively
iec) water conditions as the extensive continental set.

occupynif tiie southern and central portions of the basin
1s approached.

iho present distribution of the Karroo System outside the
main h>n and in parts of Southern and Central Africa is
largely c¢ a'ined to those ar Yas effected by pcst-Karroo
prraben faulting, as for example the Limpopo, Zambezi and
Luanrwa Trougha (nee folder 18), Regional mapping by the
various geolo ical surveys, together with detailed sedi-
mento]o ical studies (Ryan 1965)» has shown that the coal
measures (Ecca Series) and their associated coalfields are
meinly con' nei to t o axial portions of the troughs, while
outwards from these areas the Upper Karroo sediments such
as t e Cave d dstone (Forest Sandstone) transgress the
Ecca Series and come to rest directly on the pre-Karroo
surf' ce. Therefore deposition of the coal measures in
portion~ of Southernand Central Africa was confined to

t) ese s Tisct a] ly controlled linear basins (see folder 18).

Over large are s of the south-eastern Transvaal and northern
Natal, considerable thicknesses of Lower Karroo strata
(Lower Ecca Shale plus Dwyka Series) intervene between the
pre-Karroo surface nd thr Coal Formation. Consequently it
is unlikely t at the pre-Karroo topography could have exer-—
cisel any control on t e localisation of these deposits.
In.teud, factors such 1is relatively slow rates of subsidence,
depoi.itional environment c'ird paleogeographical setting,
probably exercised m Jjor control on the deposition of

coal 1in this area. Similar factors probably also best ex-
plain the location of the coal deposits in the Lowermost
Beaufort Beds in the north-eastern portion of the basin,

as for example near Volksrvst and along the Lebombo selt

of Zulu'and.
RECOQIIMI"DATIONJ FOR FUTURE CO J- EXTLOIbiTICiN

Taking into account the various factors controlling
distribution of coal both in the main Karroo Basin and in

smaller basins to the north, it has been possible to make

certain recommendations regardiur lutuie explotation, Tln. .e

will now be discussed according to various lithological units

within the Lower Karroo succession.
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The Um’er D r.yvka Jhale

Durin the present investigations a 1*9" thick bed of
carbonaceous shale containin: thin bands of bright coal was ob-
served at i:ton,jane Location near Hole-in-the-Wall, Transkei.

In a simil.'i: oocnri'ences a ed of carbonaceous shale about four
feeo thick wuid containing less coal was observed in typical

Upper Dwyka Shale at F;ame Location about 2 miles south of

Mncwassa Mouth, Transkei.

Two went)ered ou.crop samples of these shale bands
were analysed at the Transvaal Goal Owners Laboratory and the

results are tabulated below -

Lab. KgO Agh loJdjtUer Fixed Carbon calorific Value
Jo. /& % > s mmmmmmmm—————-
756 12.8 80.1 6.7 0.4 Incombustible
757 5.7 88,9 5.8 1.6 Incombustible

Recently, thin coM se”™ms interbedded with sandstone
and lying 150 feet strati rrphically above the Dwyka Tillite
were intersected in borehole 59 near 1hilippolis (see folder 1).
Although these coal se a were originally logged as lying within
the Lcca dories, the writer is inclined to the view that the

seams do in fact lie within the upper portion of the Dwyka

Series.

From a coal mining point of view the seams are worth-
less, but these occurrences are of major importance in that
they indicate the presence of coal along the northern portions
of the original Upper Dwyka Basin. Therefore, the po.ability

of finding economically important coal seams deposited under

- favourable -
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lavournble paleoneo-rraphic conditions and in the continental
facies equivalent of the Upper Dw. Jhale should not be over-
looked. riio upper Dwyka Shales over the remainder of the basin,
witn the possible exception of the south-western portion, are
thought to have been deposited in a marine environment and,

therefore, should not be )roapected for coal.

The Lower Ecca Group

ihe bluish-—black shales of the Lower Leea Group of
t.ile Northern acie.a are t iourht to have been deposited in an
extensive inlmd sea environment# However, these environmental
conditions must have ultimately graded into shallow water
continental conditions alor * tne northern, north-eastern and
eastern margins of the basin. Consequently, 1f coal was ever
formed during this period, then the most likely areas to look
would be - (1) around the eastern and western flanks of the
Clocolan Dome, (2) alon~ a broad belt between Piet Retief and
Vredefort and (1 along t e Lebombo elt of Swaziland and
northern Natal. Elsewhere, within the present structural and
erosional limits of the Gre t Karroo Basin sediments of the
Lower Beca Group are thought to have been deposited in a deep

water environment -iid therefore there appears to be no possi-

bility of coal deposits having been formed.

The Middle Ecca Group

The Middle Been Group of the Northern Facies is by far tie
moat favourable area for future coal exploration. In general,
it is known that economically exploitable coal deposits de-

crease 1in abundance away from the northern and north eastern

- margins -
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margins ol tae Laain, This 1is because the paleogeographic,
paleotectonic and paleoenviromnental conditions became less
favourable for uhe formation of coal deposits in a general
south-westerly direction. Howevert an exception to this general
rule may exist in 1 ic vicinity of the Clocolan Domee The
presence of th:'s broad paleotectonic element in the north-
central portions of the basin may have produced suitable environ-

mental conditions for the formation of coal deposits.

The Middle Zeea Group of the Northern Facies is not
considered to be favourable for coal exploration in the south-
central portions of t e Natal Trough, as well as along its
southern margins (see folder 2). Reasons for this are that the
pal eofeographic , p leotectonic and paleocenvironmental conditions

are considered to h ve been unsuitable in these areas.

Conditions are thought and in many cases known to
have been good for the accumulation of coal in the following

areas -

1. The north-western, northern and north-eastern margins of
the Great Karroo Basin.

clslar”~',"'"'"T%e” the”rroo
Basin.

3. Along the Lebombo .felt of Z.ululand, Swaziland and the
eastern Transvaal Lowveld.

4. In the Springbok Flats area of the central Buehveld.

5. In the Limpopo Trough and its westward extension Into
eastern Botswana (see folder 1 v e

6 . In the Zambezi Trough and Its south-westward extension
into north-eastern Botswana.

During the present research three specific areas

were recommended to the Anglo American Corporation as being

- favourable -
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favour "le for coal exploration. Each of these three areas will

now be discussed briefly.

Area 1

This area lies Dbout 10 miles east of Horgenzon in
the Eraelo District of tie Transvaal, It is bounded by latitudes
26c37'" and 261%2' and longitudes 29°42' and 30000 ' (see folder
6)°* This area was considered favourable for the following
reasons -
1. At the time of sedimentation suitable geographicn], tectonic
and environmental conditions are thought to have prevailed
in this area,

2. The Coal Formation occurs at depths of less than 1,000 feet
over a wide area.

3. Dolerite intrusions appeared on surface to be at a minimum.
4. The a or uppermost seam outcrops in this area.

5. Thick seams of coal occur at Camden about 18 miles to the
north-east.

6 . Water supplies are av liable.

7. Railway communications are 8 to 10 miles distant.

This area was drilled during the early part of 1965
and although aeane up to 8 foot thick were encountered, the coal

wan of a hifli anh content and therefore economically unsuitable

by present day at indardoe

Aren 11

This area Uon come Bo
the northernmost portion 0f ''he Transvaal and constitutes an

area approximately WO square miles 1in extent (see folder

This area was considered favourable for the following reasons -

- 1. -

miles
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3. Regional geologic?.1l mapping has yielded no evidence of

major  {aul inn in t e Karroo strata on the south side of
the Limpopo.

iot.t-h'irroo intrusions are mainly in the form of east-west

tre:.dir.i <o .erite dykes which appear to be more numerous
in the north.

Two workable se tris of cokinr coal have been proved in the
Tuli field on the north aide of the Limpopo River, and an

3 loot thick seam of cokinp coal occurs in the Bubye Coal-
field farther to the east (owift 1961).

6 . Coal seams oor.t ininn coal of high swelling index (potential
coking coal) are known to occur in nearly all the down-
faulted blocks of Karroo strata in the vicinity of the
Goutpansburr and northwards.

7. Water supplies arc vailn”le from the Limpopo River.

Initial drillin~ results have established the presence
of a zone composed of alterna ing beds of carbonaceous shale and

coal. Iniividu 1 co 1 se ms are as thick as 6 feet.

Area IIT

Thin area is bounded in the south by the Vet River,
in the east by longitude line 26730" and in the north and west

by the erosional margins of the Leea Basin (see folder 3)»

The followin' gcolo deal reasons were considered

favourable from a coal exploration point of view

- S T S A S S w J S s w tr s aww '
basin) e
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4. Favourable paleopeofTaphic, palectectonic and paleo-
environmon ai conditions are thought to have existed.

ihis area has mnot, yot been prospected, and therefore

the coal potential is still unknown. Elsewhere in the Karroo
Basin sediments of the Middle Ecca Group are considered to be
unfavourable from a coal exploration point of view, because

they were deposited under unfavourable tectonic and environmental

conditions.
The Upuer Ecca Group

Hoc is constituting- the Upper Ecca Group of the North-
ern 7ACcios wore mainly deposited in a relatively deep water,
inlv.u rc environment, owever, in the oteri district of
Swaziland, the Upper icca Group contains thick zones of sand-
stone and cool seams (Davies Ih"1). o] in fact this correlation
is correct, then it indicates that sediments of this group grade
into a shallower water, continental facies towards the north-
east. Therefore, the Upper bccu Group should not be overlooked
as a potential source of coal in the Lebombo Belt of Zululand,

Swaziland and tin eastern Trcnsvaal Lowveld.

The Upper Ecca Groups of the Southern and Western
Faclas were mainly deposited under fluvial-deltaic conditions,
but subsidence rates are thought to have been too rapid in
these areas to favour the accumulation of coal seams. Relative-
ly deep water continental sea conditions are thought to have
prevailed In the central portions of the Karroo Basin through-

out the Boca Period, and therefore there is no possibility of

coal having formed in this f'ca.
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The Lowermost Beaufort Beds

ihe Lowermost Jjaufort Beds were mainly deposited

under shallow water continental conditions. The thickest and
best developed coal seams are found along the northern, stable
shelf ar”as oI the basin. On the basis of fossil plants, the
coal seams at Jomkel e in Zululand are thougnt to be of Beaufort
Age (Bu '"'oit 1976). The writer believes that exploration for
coal in the Lowermost ieaufort Bede should be confined to the
northern and north-eastern margins of the main Karroo Basin as

well as alom* the Lebombo Belt of Zululand, Swaziland and the

eastern Transvaal. Elsewhere in the Karroo Basin thin, lenti-
cular coal : -ams are known to occur in these beds (Rogers and
Du Toit 1903), Dbut 1in general paleotectonic and paleoenviron-

mental conditions arc considered to have been unfavourable for

the accumulation of thick col seams.

OIL ..ND GAG

Prior to discussing specific regional areas suitable
for oil and gas exploration it is necessary to point out certain
general aspects of Karroo geology which have a bearing on the

hydrocarbon prospects of the Karroo Basin as a whole -

Southern and western f
of the Gape System are
a marine environment (

1967"'

2. Rock
as t!
were
and
hydrocarbons.

TOGKD tnintivelv rare in the
ertain

3. In gene
Karroo
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Dlie 1®m"'jCa (,rouP 01 the Southern Facies and the Lowermost
Heaulort, :bedc may contain reservoir sandstones in the vicinity
or the Karroo hinge-line.

ibe re- vkinr of Dwyka Tillite, together with the shedding
0- a certain amount ol coarse clastic material probably took
place in the vicinity of the Clocolan Dome. Thus, con-

glomerates and sedimentary breccias with high porosities
are expected to occur around the flanks of this major tec-
tonic feature.

The Table Mountain Series probably contains conglomerates
and coarse-grained sandstones with good reservoir properties
where it laps out against the flanks of the craton north of
the Southern Cape Folded Belt.

The 1llcca and Lowermost Beaufort Beds are folded into numerous
anticlines and synolines long the southern margins of the
basin and the foldinv gradually dies out northwards. This
has subjected the Lower Karroo sediments along the southern
structural margins of the basin to the effects of regional
metamorphism.

Normal faulting has effected the Karroo strata along the
hinge-line of the Natal Trough, along the Lebombo Belt and
in the area alonr the east coast between the Fish River
Mouth and Port St. John's. Therefore, suitable fault-block

traps may occur in this area.

Secondary sStructural folds are rare in the shelf areas of the
Karroo Basin, but compaction structures are known to occur
over many Of the larre pre-Karroo topographic highs on the
cratonic ah 'If areas of the Karroo Basin.

Vn T-rt  Uft.gin
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15. The vast amounts of Unner which have been
men nave béén re-

_ T

A. SPECIFIC REGIONAL PRO P HuTR

1+ vhe HinrR-11n" are of the Karroo Trough

It ie a well-known fact that hinge-line and shelf
provinces are usually the most favourable are*s to look for oil
(Lnebel and Rodriguez-Eraso 1956) ¢ Thus one of the most obvious
areas to look in the Karroo Basin is along a broad belt of
country paralleling the hinge-line of the Karroo Trough (see

folder 4).
Favourabie Factors

1. Some 41000-8,000 feet of shale» with definite sourcerock
potential exists 1in this area.

2. Sandstones with reservoir properties may occur in the Dwyka
Tillite, Upper Ecca Group of the Southern Facies (foluer 4;
and in the basal sandstones of the Lowermost Beaufort.

3* Sedimentary and structural traps are known to occur.

4. The trapping of o0il and gas against vertical dykes ana in
fuult-blocks may have taken place.

The regional metamorphic effects produced during
new-ortv Rrvo mnt: nfl nronounced in this area.

6. Suitable cap rock properties are thought to exist in this
area.

7. In general, hydrostatic pressures are fairly Rood in this

portion of the basin.

Unfavpuruble Factors

difficult to locate suitable reservoir rocks in
1. It may be

this area.
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f)* Jiirtre-1ine area of the Ratal Trough

'Phe estimated position of the Natal Trough hinge-line
is indicated in folder 1. This paieotectonic element has been
grently modified by the effects of the Natal monocline and its
associated f lusting, as well as subsequent erosion. Howevert
there is a reasonable chance that some of the original hinge-
line hydrocarbons still remain in certain of the fault traps along
the main outcrop belt of the Ecca, between the Pmtamvuna River in

the south and latitude 27030f.

Favourable actors

1. Potential source rocks occur in this area,

2. Reservoir rocks are known to occur in the Middle Ecca Group
and the Dwyka denies.

3. Fault-block structures are fairly common along this belt
(Blignaut and Furter 1940).

4. It is possible that Ecca-generated hydrocarbons did net
migrate until after the Drakensburg Lavas had been extruded.
If this was the case, it would cause o0il to become trapped
against vertical dykes associated vth the extrusion Oi the

lavas.

5. 0il and gas shows are known to occur at a number of locali-
ties along this belt.

6 . Possible trap structures occur at shallow depths and there-
fore drilling costs would be relatively low.

Unfavourable Factors

2. Intruclve into the Joca beds are numerous dolerite dykes
and sills.

3. The Upper Boca ohaler, do not appear to have good cap rock
properties 1in this area*
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4< 1LTthis be!t? appeara t0 be » lack of hydrostatic pressure

5% Phofappef/tfb*gooJrs2 °r eas field 1= this area

3. The wvianks of 1.7 ri~0ian DomR

Beds of the Dwyka and Ecca oeries are known to lap
out against the flanks of this broad pre-Karroo topographic
feature (see :oilers 1 and '). Geophysical anti borehole evidence
has indicated that this feature is mainly composed of Basement

granite.
Favourable Factors

1. TIotential source rocks occur along the eastern, southern and
western flanks cf the Clocolan Dome,

2. Suitable reservoir rocks are thought to occur around the
flanks of this feature.

3. Overlaps, updip-pinchouts and compaction structures over pre-
Karroo topographic highs can be expected in this area,

4. n large surface dome structure is well exposed near Fouries-
burg in the eastern Grange Free State. It is not known
whether this structure is due to the effects of compaction
over a pre-Karroo topographic high or the effects of large

subsurface dolerite sills.

5. The eastern flanks of the Clocolan Dome are overlain by con-
siderable thicknesses of protective strata,

6 . Based on surface exposures dolerites appear to be ata
minimum in this area,

7. 0il and gas shows ore known to occur in this part of the
basin.

Unfavourable Factors

this area.

Cap rock conditions appear to be poor on the western and
nT-t-.herm n1rlAK of this fefltUTO'
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Along the northern margins of the Cape-Karroo Geosyn-

cline, rocks of the Dwyka Geries come to rest Cisconformahly and

nnccnformably on progressively older rocks of the Cape System

(see folder 4). The northern pinch-out zone of the Cape System

rocks against the Dwyka unconformity is considered to be a

favourable area for oz and gas accumulation.

Favourable Factoro

Possible source rocks occur in the Bokkeveld Series.

xhe sandstones of the Bokkeveld and Table Mountain Series
are rredicted to 1>ecore coarser-grained and more suitable
as potential reservoir rocks along the northern margins of
the geosyncline.

-he intensity of folding and the regional metamorphism de-
creases northwards towards the predicted pinch-out zone.

Apart from broad anticlinal structures in this area there
exists a fair possibility of oil and gas accumulations along
the unconformity,

The pinch-out zone is thought to be relatively free of
dolerites.

Cap rock conditions are good.

Hydrostatic pressures should be good.

Unfavourable Factors

Most of the hydrocarbons may have escaped prior to deposition
of the Dwyka Tillite.

The effects of regional metamorphism may have been too
severe.

Seismic methods would have to be used to determine uhe
pinch-out zone of the Cape oystem.

5. T™Via ntatillat”n Of 0Oil from Oil-Shale

Oil shales are known to occur fairly extensively in



the Middle Ecca Group of the Northern Faciee and have actually
been mined in the districts of Ermelo, Wakkeretroom and Utrecht.
Distillation tests have yielded between 8.5 and 79.0 gallons of

o1l per ton of oil-shale (Visser et al 1947 and Vieser et al 1958).

..xtensjve deposits of carbonaceous shale containing as

E'jch a- 14 percent of carbonaceous matter, together with some
hydrocarbons, occur near the top of the Upper bwyka Shale. Samples
of t.iese shales from the Orange River Station were found to yield

some oil on distillation (D Toit 1956 p. 278).

The present investigations indicated that the most
promising areas for investigating the Upper Dwyka Shales for ex-
ploitable deposits of oil-shale were around Port St. John's in
the east and in a broad belt along the Orange River in the west,

as carbonaceous shales appear to reach their maximum development

in these areas.

B. SUTCL.RY fU' OIL f'O G ; POSSIBILITIES

In the writer's opinion, the overall prospects of find-
ing economically exploitable deposits of oil and gas in the Karroo
Basin are only fair. However, there appears to be a fairly good
chance of finding commercial deposits of oil and gas in the four
specific areas discussed above in order of their prospective
worth. In these four areas, the unfavourable geological factors
ouch as regional metamorphism, scarcity of good reservoir rocks,
the effects of Karroo dolerites and a lack of sufficient cap
rocks 1in certain areas, 1s outweighed by the favourable factors.
It is, therefore, recommended that detailed geological aid geo

physical investigations, followed up by exploratory drilling be

carried out in these four specific areas.
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