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ABSTRADT

This thasis is concerned with the Yesozoic geologiczl history of ths

Agulhas Bank on the continental shelf off the south coast of South

35

Africa, It incorporates the results of oil exploration activiltli
in the area since 15G7: this inwlved the drilling of 17 boreholas
(43 pOCm) and the recording of about 24 000 lins km of seismic reflec—

tHion profiles.

A structural investigation was facilitated by reyiongl mappirg of two
key seismic reflectors; thesa are acoustic basement {(horizen D at Lie
bese of the NMesczoic) end a prominent reflector end uncenformable hori-
zon (horizon C), within the Lower Cretacecus. An additional two hori-
zons wereg mapped over part of the Agulhas Bank; they sre horizons A
(base of tha Upnar Cretacsous) and 11 (within the Upper Createceous).
These reflsctor horizons were tied to stratigraphic control poiants in

the borsholss,

A stratigraphic fremework was erected and correlations were established
by means of a study of borehols cuttings samples, corsze and sidewall coraes
and a variety of wirsline 1D§s. The existing Masozoic litho-stioHerennio
framework was supplemented by defining referense stratwitypes for the Swart-
kops end Sundays River Formations, Subsurface stratoclypes era defined

for two new units; they ers termed the Infante znz Alsrard Formations.

A subsurface referencs stratotyps for the Alexansria Formation is nrossi-
ted. A chronestratigraphic fromework and eorreglations, v ich became
grag s

aveilskie through a study of microfeuns and microflora, wers integrated

vith structural end lithostratigreohic irfoimaiion. A5 & COMSEOUDNCE
four litho=tectoric units are recognised; their e lution is discussed
also in terss of voarying retss of sediment covusulcotion,

Tha Meznzoic geclegic histery of the Agulhas Benik is discussed in refe—

rance to tha plzaia tectuniec t!cory,
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1.

INTRODUGTION

LOCATION OF STUDY AREA

The study area is located on the Agulhas Bank, which constitutes ths
continentel shelf off the south coast of tha Republic of South Africa
(rig. 1). It strzddles letituds 35° south betwsen longitudes 20°

and 2'7D sast in the Indian Ocean and comprises zn arma of sboult 85 000

km 2 hetween the coastline and the 200 m isobath at the shelf hreak.

Tha Agulhas Bank lies to the south of the Cepe mountain rangass, which
extend batween Caps Town and Fort Alfred wnd are made up for the most
part of intensely folded Ordovician-Lowar Carboniferous sediments of
tha Cape System, forming an arcuate belt, convsx northwerds, in which
isolated remnant Cretsceous basis are press.ved (du Toit, 1554 ).
Farther north the lowsmost stratigrephic units of the !Dper Carboni-
ferous—Jurassic Karoo sediments follow conformaizly on the Cepe sedi-
ments end dip north wards regionally. Seaward of ths Agulhas Bank
thers 1s a relatively wide continental slops, a pourly, doavocloped rise

end the following morphologiceal features can be recognisod,

Tha Transksi Basing

Agulhas Plateau;

Agulhas Basin and ths

Cepe RAise, with an =ssociated chain of seamounts ftrending north-

gast,

The arsa tdescribed liez in the horss latitudes during ths scuthsm
hemisphere susmsr {December to Febriary), when light variable winds

and low rainfull prevail. During winter (Jun& - August) there is an
eguatorizl shift of tha prevalling westsrlies so that tha study area

ig influenced by thgus winos snd by wmigratory storms, which often intro-
duce polar maritimre air and ars raespeonsible for rainy conditiuns, The
climste is mpoified Ly tha south-westward-flowing, warm Agulhas current,
Four climatic zornes can ba recognised in the ccaslal beit of the scuthemn

Cape Province; Lihese are [Knppen classification in braﬁksts}:

South-western  /3.,,
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FIGURE |. Location of the study area (cross-~hatched)
on the Agulhas Bank, South Africa.
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South-westarm Caps winter rainfall erea, with a mediterransan
climate (CS];

Southarn Cape coastal belt, with rain during all seasons (CF);
Bouth-eastermn coastal belt, which i1s a warm tempesraturs rsgion
with & summer rainfell maximum (Cfw); and the

Southern Karoo which is mainly desert (Bw and BSK).

The most important streams are, in ordar of volume of discharge and

drainage area, the Breede, Gouritz, Gamtoos aind Sundays Rivers.

With the excgption of the Bresde River they have all breachsd the Caps
mountain ranges and rirain a large part of the intericor of the Cape Pro-
vince south of the Great Escarpment,

8COPE OF STUDY

This study 1s concarned with structural, stratiorepnic and certain sedi-
mentological aspects cf the Mesozoic sediments on the Agulhas Bank and
represents an sffort to unravel the post-Peleozoic genlogical history of
the area. The information that wes availabls for synthesis by ths wiri-
ter stems from active pil exploration activities since 1957. During
that ysar the Southern (il Exploration Corpcration (Soekcr) wzs granted
prospacting rights over the;qfea in terms of the Mining Rights Act {Act
No. 20 of 1987); it entered into lease agreements with e rumbar of
international oil companies, who were obliged to subiiit tou Soekor all

uninterpreted datz gathered in their conwessions.,

The study is confined to the Mesozoic sequence for various reascons.

The underlying Car= Supsrgroup (Paleazoic] and older rocks are regarded
as basement for oil sxploration purpasss by virtue of their metamcrphic
state (Rowsell and de Swardt, 1974). Boreholes wera generally stopped
a short distance bslow the base of the Mesczoic sadimentsz; this boun-

dary also constitutes acoustic bassment on seizmic reflection profiles.
In conformance with good wil-field practice ihe surfacs casing in bors-
holes is generally placed within =300 m of thz poean flcor; this pre-

cludes tha possibility of gathering ary data on scdimentz et strati-

graphic levels abave about ths lowernust Tertiary,

The strusturs=l /4...
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The structural infurmaticn was gleansd largely from routing interpre-

tations which ware dene by Soekor's geophysicists in close consultiztien

with ths writer. Abcut 24 221 lins km of seismic reflsction profilss

had hecome available through intermittent surveys by a number of diffe-

rent contractors for various concession-holders up to thes end of 1974,

Initially interpretations of these were aimed at mapping scoustic base-

ment and a prominent reflector horizon within the overlying sedimentary

succession. These two horizons, and all the others maepped subsaquently,

ware tied to stratigraphic control points established by the writer in
the 17 bereholes (teble I and fig. 2) which have been drilled to date.

Thass borsholes provided a stratigraphic framework for ths Mesozoic

sadiments based on the integration of seismic reflection data with the

following studies.

(a)

(v)

(d)

Mega- and microscoplic studies of washed -8 to 4160 mesh size cut-

tings samplss below the intermediate casing; these samples were

composited cver intarvals ranging betwesezn 10 and 30 m dapending

on drilling pasnetration rates.

Interpratation of a variety of wireline logs. These logs ware
recorded on a2 routine basis in the boreholes to facilitate stra-
tigrephic, structural, reservoir and reservoir-fluid studies;

they were sll recorded by the Schlumbarger Company on behslf of

the operating companias.

Studies of conventional and sidewall corec; thuse cores ware cut

intermittently to supplement the studies outlined abbvs,

Synthosis of selectacd paleontological resultis which were obtained
from a varisty of sources, e.g. & Psleolab {Geneva) report for

the 3{a) A/1 borehols, Fobertson Research international reports

ori 13 borahclzs and intermal reports by Soskar wmicropaleontclogists
(Mc Lachlan, do Klasz, Brenner, MacMillen, Fiaterss and Scott) on

all 17 horastoles.

A lithastratigrephic /7...



STATISTICAL SUMMARY =

TABLE 1

BOREHOLES ON THE AGULHAS BANK

r 1 7, r A ™
CO~-DRDINATES water Kelly T.D. in Matres Drilling | brilling
Depth Spud Conm= dayvs Oparatar
s E (m) | ase | 8. kelly| B.5.L. plated | to T.D.
34233' ns,17" 23431 14,67" | 117,30 g,4 2202 2192,35 | 27.10.68 | 15, 3.65 84 Supsrior Dil
S!EL_'_,I“:-’.” 24, 90" 23ut!5' a27,=o0" | 115,801 28,0 39037 2009,0 | 13,12.69 | 25, 2.70 7% Supariar Dil
.?aaﬁaa' a47,37" 23046' 17,95" 117,301 25,8 2475 2448,2 | 17. 3.70 {23, 4.70 26 Superior 04l
’4/1'1..).3' 0z,75" 2304'7' 45,92" | 3122,850! 26,8 343 3521,5 (11, 5,70 |31. 7.70 o2 Supesriocr 0il
:SS‘D'EJD‘ o4, 15" 22014' 33,93" | 109,40 | 28,0 2915 2850,2 114, 8.%0 | 28, 5.70 a4 Placid 01l
'34013‘ 5¢, B9 22011’ 51, 09" 60,30 | 26,8 1300 1273,2 { 27.10,7C | 15,11.70 21 Segkor/Rand Vinos
3‘1:;09' 39,513" | 23 20' 12,126" | 80,50 | 25,9 1810 1784,6 {24,11.,70 | 12.12.70 19 Scekar/Rand Mines
.'BADAS' p2,71" | 23°p2' 55,92" | 115,50 | 26,8 1689 1662,2 | 15.10.70 | 31.10.70 18 Flacid/Superior
:3112029' par 2:?4;1&' 36" 121,90 | 29,4 3558 3838,6 | 12.11.70 | 3. 2.71 85 Totsl
:MCSQ' 45,175" 21.015' 03,132" | 76,35 | 32,5 2792 2758,5{14.12,72 | 20, 1.73 a8 Chevron
SSCQS' ag, 871t 25055' 07,584" 87,00 33,8 Z591 2557,5 4, 2,73 124, 3,73 a5 Boeaxar
v _adr 22,003 ZEQGE:' 43,378™ | 100,60 | 33,5 1052 1018,5 |11, 4.73 | 20, 4.73 9 fouitaine
2151 23,5967 | 2e 56" 39,3527 | 130,76 | 34,1 1955 | 1920,9 | 3. 5,73 |18, 5,73 15 Aguitains
3344 i2,006" | 2L10% 00,873" | 75,00 | 33,5 1263 ! 1929,5{ 5. 6.73 | 27. 6.73 22 Soekor
‘ {98,589 Ju,27at ez 22t 03,224" | 114,00 | 33,5 2LAD 2405,5 {11. 7.73 | 10. &.73 30 Scaicor
H{» )~tlartabesst/l | 34_16' 38,473" | 25 85" 19,€64" | 117,34 | 33,5 2450 | 2415,5 | 29. 8.73 | 30. 9.73 3o Bogidcar
Gl 5 ~8pringaook/L | 06T3T0 08,351 | 24 17Y (2,320 | 124,70 33,5 2454 24201,5 1 14,10,73 | ©.11.73 ¥ SGokor
I —
Tota 40201,5 630
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A litiwetratigraphic fremawork and correlation was ssteblishad by ths
writer for the Mesozolc sediments in the Agulhas Bank by supplementing,
where necessary, the stratotypes of the Ultenhaga Cioup in the Alyoca
Basin (Winter, 1973). This work, and the incorpocraticn of availlabls
chronostratigraphic information based on palecontologic studiss, was
done in conformance with the South Africen Codes of Stratigrsphy. The
stratigrephic studies were carried out as part nof the duties delegatod
by the South African Committee for Stratigraphy to the Creteacecus-
Jurassic Working CGreoup of which the writer was convenor since its in-
ception in 1971. The structural, stratigraphic and paleontolcgical
data provided material for salected sadimentologicsl studies, wiin par-
ticular emphasis on depositional precesses and envircnments within ths
framework of the structural ewlution of the Agulhas Bank. It was
found that the Mesozoic geologlcal history of the Agulhas Bank is con-

sistent with the concept of plate tectonics.

PREVIOUS WORK

Gzophysical-gsnlogical surveys have been carried out over the Agulhes
Bank Tor more than three decades, end commsnced with pendulum measura-—
ments (Vening Meinesz, 1941)., It was not until the 1960s tnat surface
ship gravity neasurements were made (Graham and tales, 1955); thaese in-
dicated a probable dzpth of nearly 30 km to ths mantle, the presence of
& stesp landward gradient of the M-discontinuity undsr the slope, and a
structurally complex 5-km sediment layef which thins ssawzards of ths
Agulhas Bunic, A seismic refraction profile measured at 3s%1g south,
21931 east (Green and Hales, 1966) revealed the presence of possible
Cretaceous sediments to a depth of ﬁearly 2,5 km. Refraction work by
Ludwig st al (1968) showed variable thicknesses of sedimant, possibly
Ci:etaceous or younger in ags, rasting in structural depressi&ns on

Caps and underlyling rocks with high sonic velocitiss.

Dstailed sea-floor mepping startsd in 1967 with the astablishment of

the Marines Geclog: Wit by the South Africen Nazionsl Committee for
Uceanographic Res=arch (SANGOR] at the Widversits of Cepa Town; since
then this unit has bzen actively enbtaged, snongst cthers;, in bathyme-

-

tric, saa-floor-sampling end shailuw seismic re‘leciion surveys of the

continsntal /B...


http:Vbrk:l.ng
http:tenhs.ga

continental shelf and upper slope.

Bathymetric maps cr profiles have baen produced by Dingle (1970),
Dingle et al (1971), Birch and Rogers (1973), Scrutton (1973) and
Simpson (1965, 1963, 1970]. Thess show that the continental shelf
widens from Cape Agulhas to a maximum of 240 km at about ElD oast,
then narrows markedly to 37 km off Cegps Rscife. Tha shelf break
renges in depth from 120 to 180 m. The only prominsent topographic
features on the Agulhas Bank ars the Alphard Rise and a numbsr of
east-wast-trending ridges in tihe vicinity of Cape St., Francis, In
general three morphological zonas can be recognised seawards of the

shorsline:

a narrow near-shore rocky platform;
a gently sloping shelf; and
a stegper slope, with a poorly developed riss.

Beological maps of the Agulhas Bank (Dingle, 1570) indicate the pro-
sence of both Lower and lUppar Crsteceous sediments closs inshore and
along the ercdsd shelf-bresik, a thin cover of Tertiary volcanics con
the Alphard Riss (Dingle and Bentle, 1972), and tha prominent south-
sast-trending Agulbhas arch, whers Sennnian beds rest directly on Dsvo-
nian-5ilurien sediments of the Cape Systam. Leyden st &1 (1971) con-
fim that the Agulhas arch is mads up of shallow bassmant with high
selemic vslocities and further demonstrate tha pressnce along the shelf- -
gdge of 3 to 4 km of ssdiment which shows increasing velocities with
depth. They sugogest that a considerable part cf this succsssicn may
be rapidly depositsd terrigsnous and marine sedimants of Cretaceous-—
Tertiary aga, and speculata as to whaether the Crataceous Algoc basin
gxtends wnto the continental sh=lf. Towards the riorth-sast of ths
Agulhas arch, along longitude 20°ag sast, & thick, block—-faulted suc-
eession was shown to be present by Spence (1970), who correlatss the
sediments to the Uitenhage Series on ths basis of interval velocitias.
The same profile was used by Hales and Nation (1972) for crustal stu-
dies which revealen ths depth of the M-discontinuity bencath the
Agulhas arch to bs 32 km,

fingle /9...



Dingle (15971 a) provided further evidence in fawour of a Cretaceous
dating, based on studias of ostracods from the Algea Basin, for ssdi-
ments on tha Agulhas Bank. TIn the same year {Dingls, 1971 b) he
portrayed the Tertiary history and referred to, amongst others, a
marins transgression during the Upper Crataceous. A Jurassic dating
of the Brenton marine beds (Dingle and Klinger, 1972) near Knysne vas
shown to have significance in terms of the break-up of Gondwanalend
(Dingls and Klinger, 1971), as did the location of a margirnal frac-
ture zone (Franchsteau and L& Pichon, 1972}, with which is associated
the Agulhas marginal fracture ridge (Talwani and Eldholm, 1973;
Scrutton and du Plessis, 1973). Also of significance was the ob-
sarvation that the Agulhas Bank lies in & marginal smooth magnetic
zong,  (Mascle and Philips, 1972).

The term Agulhas basin was coined by Simpson end Dingls (1573) in re-
ferring to the Mesozoic and younger sediments on the Agulhac Bank,

It is also referred to as the St. Francis Basin (Emery et al, 1975)
and ths Duteniqua basin (Dingls and Scrutton, 1974). This basin, as
defined, lies between tha Agulhas and Rsclfe arches end is sub-divided
by smaller block-faultad buried ridges (Dingle, 1973 &) which corres-
pend to promontories on the coastline and projecticns of snticlinordial
axes in tha Capa fold belt. The sedimentary basin lias shoreward of
tha Agulhas marginal fracture ridge, which acted as a sediment dam
(Scrutton and du Plessis, 1973) until the late Cretssecus. The ear—
liest post~Paleczeic sediments in tha Outeniqua basin acoumulated in
intermontene valleys during the Jurassic, bLut well after the formation
of the Caps fold belt in the mid-Triassic (Dingls, 1973 b). During
tha intervening overind South Africa was subjected to intenss erpsion
(peueplenation), producing what King (1951) cailed the "Gondwana sur-
face". The climats at this tima was thought to have bsen dry
(Bigarslla, 1970); desert conditions ars postulated for the interior

throughout Jurassic tine,

The Agulhas Bank features prominently in compilations of regional
oceanogrephy by Sissser et al (1974) and Emery et ol (1974). The
latter show free-air gravity enomalies pver ridges which are associa-

ted with the Agulihas freanture zerne and ovar the continentz). sleps.

It wae [/10...
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It was proposaed thet the boundary between oceanic and continental

crust rasulted from transcurrent movement along this fracture zone
while rift Faﬁlts developed in the late Jurassic, Emery st al (1974)
postulate a major hiatus in the mid-Cretacsous; this was followed by

a late Cretacsous transgression and a regrsssion accomparied by folding

at the end of the Cretaceous,

A summary of the geology of the isolated Crataceous nutcrops in the
Cepe fold belt is provided by, amongst others, Haughton (1528),
Haughton et al (1937 &, 1937 b), du Preez (1%44), du Toit (15%4),
Rigassi and Dixen (1970), Engelbrecht et al (1962) and Lock et al

(in press), These studies reveal the presence of isolated, fault-
boundsd,'asymmatric basins that developed parallel to the tectonic
grain of the Cape fold belt; the basins were filled with substantial
thicknesses of non-marines, coarse clastics in the Worsester, Robertson,
Jwallendam, Riversdale, Oudtshoom, Mossel Bay, Gamtons and Baviaaris—
kloof areas. Tne age of ths faults on land asseociated with Mesozoic
rifting has long been under discussion. Haughtocn f1969), du Toixz

(1954) and Truswall (1970) concluds that large vertical movements took

- L d

place in the mid-Cretaceous (post-Neocomien), whila Lingle {1973 b)
suggesls & pre-Conlacian age for these interrditient tectonic cvents,
Kin 1881 . 246) assigns a mld-Jurassiz to earliesst Craieceous time
r P
for rifting of Gondwanaland. Noarly 1 520 m of marine lower Cretecoous
g 4
Sundays River sediments ars known to occur in tha flooa Sasin, whers tha
y = ¥
stratotypes of the Uitznhaga Group are dzfined and nared in acoordencs
with the South Africen Stratigrephic Codz {®inter, 1973, ou Toit et el
in press). The Algpa Bzsin was considered. to be a sore corplex basin
p g P
controlled by more than ona bounding fault. Du Toit (1954) pointed
to the significenne of ssdimentery dipz into the contruiling Tault as

indicative of szfdimentation concurrant with mOVeRSIiL,

STRUCTURE /11...



11.
STRUCTURE

METHODS OF STUDY

The principal source of structural information are seismic raflection
profiles, and dipmster data recorded in the majority of the boreholas,
About 24 CCO lins km of seismic reflection profiles have been inter-
mittantly acquired over the Agulhas Bank betwsen 1967 and 1574,

These surveys were recorded and processed by a variety of contractors
such as Compagne Général de Geophysique (C.G.G.), Geophysical Services
Incorporated (6.S.1.), Ray Geophysical, United Genphysical, Seismic
Enginesring, Gulfrex, Mobil end Shell,

Digital recording of most seismic data made possible high-speed alec-

tronic computing and efficient attenuation cof multiple reflecteors by

deconvolution techniques, Dverall data enhancement by higheulilipli-
city shooting and stacking has effected imnense quality improvemant in
seismic data in recent years. Cne of the esarlier problems encountorad
during the recording of seismic reflection profiles on the Agulhas Bank
was the hard ssa bottom, which set up standing seismic waves resulting
in destructive ringing (reverberation). This resultsd locally in poaor
penetration =and concomitant difficulties in detecting deep-ssated hordi-
Zons, The prohlem was overcome, to a large extent by sophisticaced

filtering technigques and deconvolution.

In the geophysical files at Soekor thers is documsntation of the rapid
evolution of thz seismic reflection method since 1957. The main stagas

wergg

(1) anslogue automatic volume control recording, floating cebls;
(i1) enalvgue programme-gain recording, comron depthepoint cover;
(1i1) digital racording, streamer cabls, non-tyiamita source;
(iv} birary gain 48«fold rscording; ant

(v) Maxipulse, 40 charnal, 2-rmile streamer cable, czcozlaration

cancelling hyd»nphones in taperad arrays.
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The interpretation of seismic reflecticn profiles was dons on a rocutine
basis in Soekor's gesophysical section by Massrs, Wardle, Wood and Crous
in close consultation with the author. The focllowing reflector hori-

zons ware mapped throughout the study area:

Horizon D : acoustic bassement, approximate base of Meso-

zoic sediments (pl.1)

Horizon C : Lowsr Creteceous reflector, locally in uncon-
formity surfece (pl.2)
Horizon A : approximate base of Upper Cretacsous (pl.3)

Horizon 11 : wireline-log markar horizon in the Upper

Cretacaenus nsar base of Santonian (pl.4).

Thesa horizons were tied intoc control points in boreholaes using valocity
functions ccmpouted from velocity surveys in 14 of the borgholes. As a
rough guide tha follopwing relatiomship may bs used for the conversion of

depth end scnic travel time on the Agulhas Bank:

y = 88,46 + 0,38 x
whers ¥ = one-way travel time in millisecends

and x = depth in metras below sea level,

This relaticnship was arrived at through a leasi~sguares ragression ‘
analysis by tha writer of 95 pairs of data peints from 10 borehonle velo-
city anelyses which yielded a line of best fit with a correlation
cosfficient of C,58,.

Supplerantary structural information was pbtained from the interpretation
of vipmater results, The surveys and processing wsre dona by tha Schlun—
berger Conpany in 15 boreholes. The dipmster is a four-ped device, which
records four resistivity curves continuously dewn thz borshols; thess
curvas ara Zigltised and automatically correlated, end corrscticns are
applist i'or borshcle deviation, hols sizs, sende positicon and magnetic
deviation, The results ars prusented by Schiumbarger in such a way that
they shown the structurel attituds of sedimgnts at the borehols sits,

The interpretation of dipmetsr results waz donz by the writsr in eccor-

T
p

Ruberyer (I970].

t@nce with principles dascribed by
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REGIONAL STRUCTURAL ASPECTS

Agulhas Bank

Tha two-way timae-contour map of horizon D (_p‘];___l_J bears witness to
the presence of a largas numbaer of steeply dipping nomal feulis at
the appruxdmate basa of the Mesozoic sediments:; thase faults gene-
rally trend west-north-wast close inshore, where thev aras rcughly

parallel to.ths tectonic grain of the Capse fold belt. On the esas—
term part of the Agulhas Bank the faults swing in an srguates manner
to a southerly dirsction near tha 200-m isobath. These horsi-and-
graben faults give rise to the observed relisef at acoustic basement
level and contribute substantielly towards tha recognition of the

following principal Mesozoic structural alements (from west to east):

Agulhas arch

Bredasdorp basin

Infanta arch (St. Blaize arch according to Dingle, 1973 b)
Pletmos basin

5t. Francis arch

BGamtoos basln

Recife arch

Algoa basin

Horizon C is a prominent reflector within the Lower Crastaceous and
has a general shallow seawerd dip interrupted by broad anticlines,
synclines and g limited number of normal faults, Trg relizf on this
horizon is a subdusd replica of the siructure on horizon D, so that
the orientation znd position of the principal structurael features on
horizon C are reflections of those listed above. It is impossible
to trace this horizon over thg Recife arch into tha Algoa basin and
for this rezson a strongly unconformable horizon at the bass of the
Companian in the H(b]—Har‘tabsest/l boretcls termed "top of laysr 3,

has been mapped in this area,
A salsmic reflector neer the bass of the Lppir Cretecescus, teimed

“horizen. AT /14..,
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"horizon A", (pl. 3) strikes roughly north 80° east and dips approxi-
mately 3° seawards, This regional slops is interrupted by the follo-
wlng:

(a) A distinct swing of the contours to the north-west along tha
- northem flank of the Agulhas arch onto which it onlaps;

(b) A number of broad south-sast-plunging anticlines. The mcst
| prominent of thass is superimposed on the arcuats Infanta
arch, where it is affected by faults, Another plunging an—
ticline is present about 50 km south-west of the Infanta
arch; it is superimposed on an anticline at basament lavel
which branches off from the Infanta arch;

(c) Relatively minor faulting in thas araa about 100 km south-
gast of Plettenbsrg Bay; and

(d) A prominent fault about 50 km south-east of Cupe Infanta.

Mepping of horizon A is not possible in the nearshurs belt, whers it
is too shallow for identification on reflectiuvn profiles. Ii: cannot
be traced across the S5t. Francis arch and it has conseguently not been

mepped in the Gamtoos basin and farthsr sastwards,

Horison 11 occurs within the Upper Cretaceous, strikes roughly N ao’® E;
end has a monotonous regional seaward dip of about 2° (pl._4); this
regional attitude is intsrrupied by the same anticlingl features as
those observed nn horizon A, but their amplitude is considerably sub-
dued et this highar siratigrephic level, Horizon 11 is so shallow
that 1t can be identified on seismic reflectinn profiles only over the

cantral part of the study area.

The results of refrection wark, which had been recordzd independently
by & number of differant investigators, are in gensral agreemant with
those of Soekor's seismic reflection mapping. Tha following takla
lists those refraciion profiles which provide corroboration for the

principal Messzoiec structural Featurss descriced esova:

Feature /13...
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Graen & Hales Ludwig st al, Leyden et al, Soence
Faaturs (1966) (1968) (1971) (1970}

Agulhas arch profile 224 profile £
Bredassiorp basin profile 4 profiles 225,

226, 227
Infanta arch profilss 228,

229
Platraos basin profiles 151, profile 230

St, Franpls arch

Gamtoos basin

Algosa basin

152 w

profiles 152 E,

153

profile 231
profile 232

Ths lowormost rafracting horizons (or velocity interfaces) on a number nf

thase refraction profilss generally show a close correspendence to either

sgismic hordzon C or horizon D.

Cape Fold Bslt

The arcuats Caps fold belt, concave southwards, raeflects an orogeny vith

vergonce, ovorfolding and thrusting directed outwards (de Swardt et al,

1574; Kewten, 1975).

Thae most consistent structural element over most

of the bslt is a strong exial plane cleavage or foliation, which marks

the regional plana of orogenic transport.

It disrupts authigenic mine~

rels of the lowar gresenschist facies of metamorpiism, indicating that

the bok'ieveld ssdiments, at least, wers desply buried and partially re-
constitutsd befurs the main folding took plece (de Swardt end Rowssll,

rirr +

tha Triassi

1974) durt

R

~
(o]

[

\i—_

ngle, 1973 b).

The rocks that were involved

in this folding ztre sediments of the Silurian-lowar GCarboniferous Cape

System and possibly also of the older Kliphevwsl and Malmsshury succes~

sions;

the latter is intruded by Caepe granitas dated at about 600 m,y.

The Keroo seguesrcs was involvad in the Cepe orogeny at least up to the

lower peari of the Boauio

Tha repetitive nutor

~
ans

of & number of anticlinn

bl

t

of
i

sedimonts,

the Ceps =zediments ara essontlally expressions

a an svnclinecria,

Thrust faults with a mode-

rataly stesp scutherly dip are khown to occur in tha Paviaanskloof area

a8
{ Theron, 196

9) zng are suspacted tn bs elso present farther south, alpag

the /15...
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the long narrow synclines occupied by Bokkeveld sediments. As far
wastwards as George tha folding was wvery intens=a - aven thas Csorgc
grenite apparently acquired a cirong cast-waest feliation (de Swardt
et al, 1974).

Whera the fould belt crosses tha Langabery hetwsen Worcester and
Swallendam only waak folding is apparent and ths basal Tahle Mountain
Sandstone is often undaformed. South of the Worcester fault the Tul-
ding is more intense and takes the form of fTairly tight, chevron-type
folds superimposed on sarlier west-north-wast trending broad synclines
end anticlines, A number of faults are shown on tha 1970 edition of
the geological map of South Africa, in ths Bredasdorp area; thay are
parallel to the Caps folding in this area (King, 1951, p., 213).

It is remarkible to what extent the dirsctions of Mesozoic rift faul-
ting parallel the tectonic grain of the Cape ftnld belt in the esstam
and central parts of the study area. However, it is sxtremely un-
likely that a genetic relationship exists, since erosion duwn to Caps
sediments in the gresnschist faciss of metamorphism intervened betwaen
the Caps orogeny and the Mesozoic rift fFaulting. In the westerm part
of the study area ths Mesozoic structural grain cuts across the scuth-

wasterly trend of the Cape folds,

Agulhas Marginal Fracture Zone

The Agulhas fracture zona, with which is associated a fracturs ridos
(Scrutton end du Plessis, 1573) and a linear positive magnstic enomea-
ly (Simpson, 1968), is responsibls for the juxtaposition of continsne
tal and oceanic crust along the Scuth African sastern and southem
margin, It is iocated on a small circls disposed 68D away from tha
Early Cretaceous spreading pole (Franchetau and Le Pichon, 1972) and

is responsible for the straightress and narrowness of the continesntal
margin along the east coast (Simpson and Dinglx, 1973). The fractura
ridge is considered to have ected os a Mesczoic sediment trep (Scrutton
and du Plessis, 1973),

]
mrd
N

Tiia Agulhas fracture zone strikes W £ £ and truncates the Agulhas

Elr“.'.':i’“l /17. LY
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arch (Scrutton and du Plessis op cit, fig. 3). It is equeted with
the Falkland fragtura zone [LB Pichon and Hayes, 1971). Emary et

ai (1975) and Dingle and Scrutton (1974) consider this fracturs zons
tu have played a significant part in the breakup of wast Gondwenaland
during the Mesozpic by dextral transcurrant movement. This wranch
fault can be rsparded as a fundamsntal feult {ds Sitter, 1959, p. 175)
or a megashear (Carey, 1958); it is a first-ordar structure having z
simnificant component of lateral movement, i.5. it is a strike-slip
fault whose horizontal displacement excesds the thickness of the crust.

PRINCIPAL MESDZOIC STRUCTURAL ELEMENTS

‘Tha following is a discussion of ths principal Mssozoic structural
features defined by ths four seismic reflecticn horizons that have
been mapped.

Agulhas Arch

This broad, essentially linear erch at the level of horizon D nlunges
south-east away from Caps Agulhas (pl. 1); it has m broad, flat crest
anc is asvmmetric in cross—-section with a steeper north-zastem flank.
If the 500~milliszcond basemsnt contour line is taken as defining tha
limits of the arsh, it widens from 25 km near the coastline to mora than

BO km near the 200-m isobath.

The crest of the arch is bald in respect of sediments bstween horizons
D and C, because the lattar onlaps onto horizon D along & line sub-
parallel to the 400-millesecond depth contour (fig. 3). Horizon C is
too shalleow along'the flanks of ths Agulhas Arch to be accurately
mappad and tha exact location of its onlap onto horizon D sannot be
established. 1t is possible that this cnlsp occurs closs to the 406G~
millisecond contocur on horizon C all &long the north-eastein flank of
the Agulhas arch. Horizens A and 11 could not be identified over ths
crast of the arch; they are suspected to cnl-p onta horizon § in an
overslepping fashion along the flanks of the zrch in v.ew of tha pre—
sence of Senonian sediments that have been dredgsd olong this flank
(Dinnle, 1970). X

Beiomic [J10...
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Selsmic reflsction evidence indicates onlaps onto the north--egastermn
flank snd & generally thin cover of sediments favours the early exis-
tonce of positive relief over the Agulhas arch, The flatness cof tha
crest could be & featura inherited frum the Gondwana landscepe or be
due to sruosion at times of emergence. Cane sediments have been
dredged from the crast close inshnre (Mingls, 1970). The nature of
the north-easterm flank of the Agulhas arch remains problematical,
particularly in respect of the rols played by faulting. Tha present
evidence fawvours a faulted hinge axis to account for this stesgply
dipping flank (fig. 3).

The core of the Agulhas arch may be represented on land by north-wast-
trending outliers of Cepe granite and Malmeshury metasedimants in the
arsa batwesn Paarl and St. Helena Bay {Scrutton and Dingls, 1974),

while the north-eastem flank may be continued by the fault-dissectsd
anticlinal feature formed by T.M.S. quartzite betwsen Cape Agulhas and
Somarset West. In a seaward direction the Agulhas arch is known to
persiét to the Agulhas marginal fracturs zonm, by which it is presumably
truncated at a position about 150 km south-east of Cape Agulhas
(scrutton and du Plessis, 1975).

Bredasdorp Basin

The Bredasdorp basin is named after the town of that name not for from
the coast. It is a broad, sssentially undulating, steep-~sided struc-
tural deprassion, some 120 km wide at the level of horizon D (pl. 1 and
fig. 4). Its long axis trends south-east, parallel to the flanking
arches, A number of roughly ovate depressions are chserved on horizon
D, in the central part of this basin; thess deprassigns attain depths
of more than three seconds (two-way timae) locally. At its north-westem
extremity, near the coastline, ths hasin splays with the development of a
number of south-east plunging ridges. Tha most praminent one of thess
can be projected landwards to Struispunt, is hald in respect of horizon C
and is flanked on ths south-west by a dowi~tou-fhe-scuth noomsl fault with
a displacement &7 about one sscond ¢n horizen D, Tiin fault persists
upwards and displaces horizon C, and laterally for chout 30 ke to the

south-east, Thare 1s no obvicus fault cishore to which this one can
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FIG.4 NE-SW SEISMIC REFLECTION PROFILE ACROSS THE BREDASDORP BASIN.
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be corraglated, unlass it is continuad en echglon by the one a few kilo-
meters north of Elim which brings the Nama and Bokkeveld into juxta-
position (Geol. Map S.A., 1970 Ed). An intrusive is located on the
crast of thls feature about 45 km south of Cape Infenta; 1t is pre-
sumably equivalent in aga to the 58 m.y. cld intrusives which occur

on the Alphard Banks (Dingle and Gentls, 1572).

A prominent horst, about 40 km scuth-sast of Cape InfFanta on which the
E~B/1 borahole was drilled, narrows abruptly in a north-westarly direc—
tion and is flanksd on both sidss by faults with about two seconds dis-

placement; the southerly one has an arcuate tracs on horizon D,

The northem flank of the Bredasdorp basin is a remarkably straighz,
faulted warp axis, judging by the closely spaced contours striking
south-east out of St, Sebastian Bay (Campe Infanta){fig. 5). The three
ovate dasps raferred to above are within 25 km of this flang.

At its seaward end, near the 200-m isobath, ths basin shallows by way of
a number of isolatsd, ovats highs which are suspected to he fault-
induced. They are bald in respect of horizon C, To the suuth-wast
of these, along the northermn flenk of the Agulhas arch, en sast-w=st
fault pattem is assoclated with an eastward plunging anticline, This
is a splay off the Agulhas arch along latituds 35°40'S and is evident
on both horizons C and D, Collsctlvely these features terminate the

south-easterly plunge of the Bredasdorp basin,

A broad, flat trough on herizon C trends roughly scuth-east; its axis
plunges in ths same direction in conformance with the structure on hori-
zon D, Numerous pluglika intrusives penetrate horizon C in the vicini-
ty of and north-wast of the D<A/l borehole nn the Alphard Barks. Thesa
intrusives have been dated as early Tertiery (Dinole end Gentle, 1572).
An arcuate feult trace is interpreted to be nressnt clcsas to the E-B/1
borehols, where a clesed contour is indicated, From this pesition a
persistent east-wast strike is chserved, and the porthermn margin of

the Bredasdorp basin on horizon C cannot be securately defined,

The Bredasdarp /23...
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Tha Bredasdorp basin is not datectable on highsi structural-strati-

grephic levels such as on horizons A and 11,

It should be borne in mind that on most reflsction profiles in the
Bredasdorp basin, acoustic basement is not a characteristic or promi-
nent reflector horizon, This may be dus ta thz camouflaging effect

of multipls reflectdons or reverbsration.
Infanta Arch:

The Infanta arch is named after a cape on ths coast and is roughly
equivalent to the St, Blaize arch (Dingle, 1973 b}, At the levsel of
horizon D it is a broad, sloping bench, which extends in an arcuats
manner from the coastline at Still Bay to the intersectinon of the 20C-m
isobath and Inngitude 23° E about 85 km south of Plattenberg Bay. A.
subsidiary svuth~sast-plunging anticline splits off about B85 km south
of Mossel Bay to constitute the north-eastem flank of the Bredasdorp
basin, The main arch is affscted iF not contrelled by many stesply
dipping nomal faults parallel to the crest of the arch, Towards tha
gast the northerm flank of ths arch is defined by a down=to-the-north
fault, whlch peters out towards the nort-west, while some 30 km south
of Mossel Bay this flank is defined by another large, discontinuous
sast-west fault (1,5 seconds of displacement). A saddle-like de-
pression occurs along the crest of the arch betwsen these two down-
throw faults, while a subsidiary sastward-plunging basin, soma threa
seconds deep, is located about 100 km south—-east of Mossal Bay between
the Infanta arch and the morthem flank of the Bredasdorp basin,

Ths Infenta arch can also bs recognised on horizon C, However, ths
cresc i3 bald in respect of this horizon over two fairly large areas,
which Are saparated by the saddle-like depression referred to above.
Tna Infanta arch is undoubtedly an sarly positive featurs judging by
the onlepping relationship of horizon C, Betwsen the Infanta arch
and the northem flank of the Bredasdorp basin a south-eastwerd--
plunging synclirs is przsent en horizon C, The enticlines on hori-

2oma A and 1l ars subived replicas of ths struzture ot lower levsls.

Pletmos Basin /24,..
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Pletmos Basin

The Pletmos hasin derives its composite name from the coasta) towns
of Plettenberg Bay snd Mossel Bay. It is defined as the 40-km to
50~km wide structursl depression con horizon D between the Infanta
arch and a large down-to—-the-south fault south-east of Plettenberg
Bay. This structure, referred to henceforth as the Plettanherg
fault, has a displacement of almost five seconds on horizon 0, It
appears to persist westwards to near Plettenberg Ray, but bas not
been detected further west. This may be dus to lack of seitmic re-
flection coverags or ths fault may go over into a relatively stesp
southerly slocpe, particularly in the area due south of Plettenberg
Bay (fig: 6). In view of this, the Cretaceous outcrops in the Mossel
Bay and Plsttenberg Bay areas can be regarded as part of the struc~
turally complax Pletmos basin. The Plettenberg fault is apparently
shown in en echelon arrangement with one to the south of the Georgs
granita,

A south-sast-trending normal fault - called the Superior fault — with
a down-to-the-north displacement of over three seconds is present
approximately in the middle of tha Pletmos basin (fig. 6); it attsins
its maximum throw some 40 km south of Plettenbsrg Bay and faces out
about 30 km to tha sast and 50 km to tha wast of this point. At its
wastem end the fault splays and appears to ba in en echelon relation-—
ship to the fault which marks the northem flank of the Infwita srch.
Towards the sast the fault elso splays, and a major component conti-
nuas in en echslon fashion some 15 km north of the terminaticn of “he
Superior fault. In conformance with the oppesite directions of dip
on basement level towards the half-grabens associated with the Su-
perior and Plettenberg faults, respectively, @n anticlinal fezaturs
strikes south-sast out of Plettanberg Bay. Betwesn ths Supsrior
fault and the Infanta arch therse is a suhsidiary half-graben which

plunges south-gast,

As is tha cass on horizor D, horizon € is displaced by thz amuste
Plettenberg fault. The Superior fault porzists upward in the suc-
cession and displaces hordzon (3, but only by a small zmount, A

south-gast-pluncing syncline is defined hy horizon © betvssn the

Supsricr /23...
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FIG.6 NE-SW SEISMIC REFLECTION PROFILE THROUGH THE PLETMOS BASIN NORTH
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TO THE NORTHEAST. REFER TO FIGURE 8 FOR TRANSVERSE PROFIILLE.
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Superior fault and the Infanta arch, but it 1s not as desp as the asym-
matric half-grabens betwsen the Superior and Plettenberg faults. Con-—
tours on horizon C close on a high on which the G(b) Gsmshok/1 borshole
was Urilled about midway betwsen the Plettenbsrg fault and ti.e en eche-
lon continuation of the Superior fault. This positiva feature contli-
nugs in an arcuste fashion to the 200-m isobath, where horizcn C attalns

depths ranging between 2,3 and 2,5 seconds,

Horizon C is recognised as an angular unconfovmity on the basis of amongst
others, dipmeter evidence from the 6(b) Gemsbok/l borehals (fig. 7)., Ths
sediments immediately below C (1 556 m below sea level) dip northwards at
an angle of about 200. An angular unconformity 1s also present at this
level on ths Superior A structure, whsre its existence is infsrred from
detailed wireline log correlations betwesn the 6{a) A/1, 6(a) A/2 and

B(a) A/3 boresholes (see later), The onlepping relationship of reflec-
tors above horizon C is consistent with the existence of an hiatus at
horizon C. A similar onlapping of seismic reflectors onte fwrizon C is
cbserved to the north of the Superior fault, where reflectors ovarsiep
gach other in a south-sasterly directicn. To the north-west of the G{a)
B/1 borehole theses reflectors become a south-easterly-directed set of
brngrading features (fig. 8). The onlaps end progrades suggesi that
sadiments above horizon C in the Pletmos basin were derived from the
north-west,

Few of the strﬁstural features referred to above ars pressnt at the highe—
gr stratigraphic levels such as horizons A and 1l. Minor faulting, widich
represents reactivation of tyhe Superior fault zone, is present on hordizon
A, and 8 low south-eastward=plunging anticline is present on horizon 11
shout 10N km south—-east of Plettenberg Bay.

5t. Francis Arch

The axis cf this arcuate anticlinal featurs plunges sesward from Cape §t,
Fruncis and persisis to tha 220-m iscbhath, A largs number of normal

faults stiike oub-coialicd to it and affect both heorizins D and C, The
§t, Francis zrch is bsld in raspect of horizon C elosr inshorve, where it

onlaps ontc horizon D, Horizons A and 11 ar2 genarsily too shallow and

thsir /29,..
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their identification too unrelisble to sllow sny positivs conclusions
o be drawn regarding the structurs at these rdgh levels,

BGamtoos Basiii

Tha onshors Gamtros basin is continued seawards by a helf-graben, Ths
floor of this half-graben (horizon D) cennot be identified at depts ex—
cesding 4,6 seconds; this is due largely to interference hy sidebounces
off the fault plans, It may be despest on the downthrow side of the
marginal fault in ths north-sast. The clossly spaced contours which
indicate a relatively steep dip towards the scuth-wsst may reflect the
attituds of the fault plane itsalf.

Horizon C also dips towards the north—-east into the marginal fault, which
at this level is flanked by an ovate depressicn deepar than 2,0 seconds
and a south-westward-plunging anticlins. Tha infgrred geomstry of hori-
zon C in ths Bamtoos basin may be incorrect due to the sparsity of seis-

mic reflection cover, particularly near tha major fault in the north-east,
Recife Arch

A ssaward-plunging anticlina on horizen D extends in an arcuats manner
from Capg Rzcife; it marks the boundary betwssn the Gamtoos and the Algoa
basins both onshore and on the continental sheslf. The exis of this =rch
parellels thz trace of the Gamtwos fault, The recife arch is bald in
respect of horizon C all tha way to tha 200-m isobath; since this hordzon
onlaps aonto basement on the upthrow side of tihe Gamtoos fault. It is

clearly an early, positive featurs,

Algoa Besin
The Algoa basin *o the north of Port Elizabsth is situated mainly on land
end 1s filled by Cretaceous sediments, It comprises the LHtenhage trouyh
(half-graben) and tha Sundays River trough (including the Cocga emhayment);
these ara separated by the Coega fault (Wintzr, 1973).

The Coega fault is shown to persist at the levcd of hgrizon D for about

30 km /304,
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30 km into Algoas Bay; Gt, Croix Island is lccated on its upthrow side,
Fiftesn km south of its seaward terminatiion a comparsble fault comman-—
ces and continues to tha 200-m isobath. This structurz, which is
parallel to the Recife arch and is hersinafter referred tec as the Port
Eli zaheth fault, marks the northemm margin ‘of the Port Elizebath half-
graben intn whicn the H(b) - Hartebeest/l borehols was drilled., The
Uitenhaga trough widens to about 50 km in a sezward direction: its
north-gastern margin cn the continental shelf is 2 fault rsferred to
as the Port Elizabseth fault, which overlaps laft~hended with the Coega
fault in the vicinity of ths 8t. Croix Island, The Sundays River
fault is straight and is flanked by a northward-despening asymmstric
half-graben in Algua Bay. Other more or lsss straight faults are
present; the largest merges with tha Pnort Elizabath fault abhout 25 km
south~-east of Port Elizsheth,

Tha Sundays Fiver trough, ebout 35 km wide, is flanked in thg sastem
part of Algoa Bay by a fault, and by the Coega fault in tha west,
Close inshore the basemant reflector in the Sundays River trough

deepens landward and away from the Coega fault.

The horizon termed "top of layer 3" is strongly unconformable uﬁ 5815~
mic reflection profilss in Algoa Bay and impinges against the arcuals
fault along tha eastern margin of ths Algoa basin (fig. 9); it rests
on basement to ths east and north of this fault, In the central part
of tha basin "tvo of layar 3" alsp rests on bssemsnt in the vicinity of
the junction of a straight fault and tha Port Elizabeth fault; it wili
be demcnstrated that the angular unconformity at the level of "top uf
laysr 3" is overlain by lpper Crstaceous (Campanian) ssdiments in the
H(b )=Hartabesst/l borehole.

Apart from the minimal influence of faults, the undulating celief en
the unconformity surface is due entirely to erosiaon, A broad channel-
like feature with a comparatively smooth base runs north-east and

intersects a nnrth-west trend in thz remaeindsr =1 the Algoa basin,

The sedimenils below "top of laysr 3" follow sssentlally conformably on

horizon D s¢ that the regiansl northeriy dip aersists upward in the
g > D P
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succession to tha lavel of the unconformity and is generally directed
towards the major fault (fig. 9). It is noteworthy that in the Algoa
basin on the continsntal shelf all the major faults are normal faults,
with downthrows towards the south, south~west and west predominating.
Some faults have arcuate tracas while ethaers are linear and ere

aligned disgonally in respect of the formsr,

BASIC PRINCIPLES OF FALLT TECTONICS
Stress Ellipsoid

Fundamental to the understanding of fault mscheinics —~ be it normal,
reverseg or wrench faults - is the expression of stress distribution

in terms of a set of three mutuslly perpendicular axes., In a homo-
geneous isotropic matsrial under compression, the maximum compressive
stress can be represented as & force along the Y-—axis which is at
right angles to the minimum stress directicn (X—axis]; tha third
ractangular axis rmust coincide with the intermediate stress direction
(Z—axis]. Thesz three forces are reprasented zs of unequal 1sngth
and describe an gllipsoid which long has been referred to as the
stress ellipsoid. The planes of meximum shearing stress ars paral-
lel to the intermediate stress axis and lie at angles of as° on either
side of the waximum compressive strass, The planes of actual shear
do not coincids with planes of maximum shearing stress but lie closer
to the axis of maximum compression and form an angle to it called

"the angle of shear". Huchert (1951) indicates that, although the
value may vary mmong different materials, a good average for rocks is
epproximately 31°. Moody and Hill (1535) consider this angle to be
epplicable to wrench faulting. Billings (1954) cites a figure of 30°
in the same context, while Wilcox et al (1973, p. B9) gquote =n angle
of betwean 20° and 48°,

The differences bgtween rnormel, thrust and wrench faulting relate to
tha orientation of the three primary stress mirsctions in space; the

maximum compressicnzl stress for both thruslt and wrencn fauliing is

=

in tha horizontal plane, but for normel fTeulting it is vertical,

Moody and Hill {1986, p. 1211) state that "this requirsment sbviates

the syngenetic davelopment of normal faults with wreanh or thrusi
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faults except whera normal faults are a sscondary effect due to loceal
deformation”. Tha exis of intermediate stress is horizontal in thrust

gnd normal faulting and vertical in wrench faulting,
Wrench faults

Ths term wrench fault is sdopted from Kennedy (1346) and Anderson (1951)
to describe ruptures in the earth's crust in which ths dominant relative
motion of one block to the other is horizontal (Moody and Hill, 1955),
The term is synonymous with strike-slip and transcurrent fault. The
connotations right lateral (dextral) and left lateral (sinistral) refer
to the gpparent relative movement of the two blocks when viswed in plan;
the separation bestween the two blocksecan also he raeferred to as clock—
wise or countsrclockwise (Hill, 1947). Wrench faults Torm in responss
to horizontal shear couples within the sarth's crust (Billings, 1956)
end they can be simulatsd in ciay models by moving plates beneath a

clay caks (Cloos, 1955; wilcox, et al, 1973).

The main structures associated with basic wrench-tectonic pattems ars
en echelon folds, en echelon conjugate strike-slip faults, the main

wreach fault and en_echelon normal faults (Milcox et al, op cit p. 77).
Thess ars shown schamatically in figurs 10 in the context of thes strain

ellipsoid pertaining to a right lateral (clockwiss) couple,

The term en echelon refers to thes arrangements of structures along a
zong so that nezr the termination of individual folds or faulis their
placas 4re takan by parallsl structures of thez same kind hut cff-sat
githar to the left or right=handed (Campbell, 1958). The fold axes
are generally aligned at an angle of 30° to the wrench zone. Wrenching
causas two sets of intersecting near-vertical conjugate strike-slip
fractures to form in & predictabls orientation along a wranch zone.

One set (C—Gl) subtends a small angle of hatwsen 10% and 30° with the
strike of the mair: wrench zone whareas the other sst (DnDl) subtends

an angls of 70 - SDDE These conjugate firacturas can be either joints
ar faults or both, densnding on the magnituds of wrenctdng. Tha acute
angle of intersection of the fracturse sets dis usually in the range of
60 - 700? and trie is binected by Lhe dirsctinn of ma{imum compression

1 s 1 L .
(BfB Je The G--07 frectures ars referred to =2 synthsiic, since the

sensa /35..,
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FIGURE 10: Forces and composite of structures

that can result from right - lateral wrenching combi-
ned schematically with a strain ellipse. X-X' is
the wrench zone; A-A'isthe axis of minimum
compression (fold axis); B -B'is the axis of
maximum compression (tension fractures) which
bisects the acute angle between the conjugate
strike - slip synthetic (C-C') and antithetic (D-D')
fractures.
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sense of displacsiient on them is In the sama dirscticn as that on ths

main wrench fault, whila the D—Dl fractures ars called antithstic,

Tha physical constraints emplaced on en schalon synthetic feults in a
right lateral wrench system are such that these faults can only vver-
lap in = left-=handed manner, and local compression opsrate in arseas

of overlap batwe=sn the synthetic faults sven if ths lateral offsets on

them ara small.

Curved fault treces are common features; ths curvature in woth plan
and cross-sactional view is caussd by the rotation of the principal
direction of stress. Wrenching produces externsl {ragional) rota~-
tional deformation; wedging on tha conjugate shears produces inter-
nel rotational daformation. The counter-rotation of intemal and
extermal forces on synthetic faults results in their traces keing es-
sentially %traight. The rotation of entithetic faults ~ ofter wrong-
ly raferred to s "drag" - provides en invaluable clue to thz sense of

displaecement on a main wrench zons.

Tension faults develop parallel to the short axis (a-:sl) of the strain
ellipse, En echelon tension fractures may foris ailong 8 wrench zZons
during the initial stege of deformation; they form at an angle of
45-47° to the shear plana and ars rotated during wrench movenent to an
angle of 60° (de Sitter, 1959, p. 172). They are easily destroyed as
wranch displacerment increases and compressive structures becoms pre—

dominant.

A similar conjugate fault pattemrm, wedging and sxternal Fauit rotation
ara possible when rocks are subjected to straight extermal conpression
(Romsay, 1967, p. £0) which result in purs shzars (Thomas, 1974, p. 1312).
Wrenching, howawvar, eslso produces sxtermel rotaticnal deforwation which,
unlike pure shesr, genarglily is resiricted to a straight wrench zone
parallel to the couple and to the adges of anoving crustal blocks,

(Wilcox et ai, 1973, p. B82),

Movemznt of crusztal hluocks mey be parallel, convargent or divargent in

raelation to the miain wrenth fault, Converget movesent will entwnce

compressive /36...
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compressive fgatures such as folds, reversa faulting and thrusting.

Tha formation of tensional structurss, malnly normal faults, is typi-
cal of divergent wrenching (Wilcox et al, 1973, p. 89). These inves—
tigalors states [p. %) that "an important result of divergent wrenching
is an overlay of extensional block faulting on the simple (parallel)
wrench pattern” and that "grabens form in preference to horsts and
nearly all fractures have a tsndsncy to develop into high angle ncrmal
faults with ohligue slip™.

When subjected to stress, anisotropies in besement result in faults
with the samz orientation being propagated upward into the overlying
sedimentary succession [Yeats, 1973, p. 128). Anisotropies in base—
ment which Aarae orientated parallel to the B—Bl direction, i.e. normal
to the fold aexis, would propagate upward as extenslon fractures or, un-

der conditions of grsater overburden load, as normal faults,

In & parallel wrench system basement anlsotropies which ars parallel
to the rotating couple would propagate upward as strike-slip Taults,
Anlsotropies that are normal to the axis of compression would result
in thrust faults in the A—Al direction which is parallsl to the
throretical fold axis.

SYNTHESIS OF MESDzZDIC TECTCNICS
Regional meps of four seismic reflector horizons (D,C,A and 11) show
the prazsernca of two main tucbonlc stages in the Mesozoic sequence cn
tha Agulhas Bank, Thesy stages can be referred tov as eerly and late
Mespzoic in reference to horizon C end they are discussed haelow.

Early Mespzolic Tectonic Stage

Charecteristics

The sarly Mesmzoic tectonic stage ~ observed in the vertical saguence
betwsen seismic reflector horizons C and D - is ciwrac:erissd by the
preserce nof a largs number of steeply-dipping normal faults which give

rise to the arches (horsts) end basins (grabens} described tsfore,
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Many of these faults, basins end archas are arcuata in plan and are
concava to the socuth-west (the Plettenbarg and Gamtoos faults, the
exaes of tha Infemta, Bt, Francis and Recife arches and the besins
flanking thass arches)., The faults generally have cownwerd dis-

placement on their concave (southerly or south-westerly) sides,

The arcuate nature of the early Mesozoic tectonic grain appears to bas
a functicn, firstly, of the distance from the Agulhas fracture zone,
which strikes roughly N s50° E and, secondly, of the tectonic grain of
the Cape fold belt in the central and sastern parts of itha Agulhas
Bank, Faults which generally strike roughly east-west onshors and
dlose instore - such as those along the maryins of the Rivarsdalse,
‘Qudtshocom, Csorge, Bamioos Cretaceous basins, the Supsrior and
Plettenberg faults, and the cnes parallel to the Infanta arch in

the west — veer round progressively in a clockwise direction when
followed to the sast. THis change in strike is particularly notice=
bla in ths central and sastem sectors of the Agulhas BariL, and par-
ticularly within 50 km of the Agulhas fractura zone, where ths Mesozoic

tectonic grein strikes roughly north-south.

Normal faults which have straight traces and which strike roughly
N5G° W are prasent in the Algoa basin and may well have gone unde-
tacted elsewhsre, This dirsction is parallel to the axes of the
Agulhas arch and Bradasdorp basin, The Worcester fault in the Swel~

lendam-Yiorcestaer area has a similar orientaticn.

A left-nand en echelon arrangement of normal faults seems to be shown

by the Superior and Coega faults, Areas of overlap bestwsen en egjelon

fault segments zreg marked by positive relief on basement level; exam=
ples of these are, firstly, ths basement high at the F-B/1 drillsite
along the Supaerior fault zone and, secondly, thae St. Croix Island

basement high ainong the Cous=zga fault in the Algoe basin,

In the westam sector; which includes large narts of the Bredasdorp

. L, . . 0 .
basin and ths Agulhas arch, tha sarly Mssozoic trend (N 50 W) inler—
sects the north-eantarly dirscted Cepe fold trond at elmost 507,

In this sector the largsg tilted fault blosks are virtually ebsent.

iy B F g
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Tra aforomentionsd cherscterdlstics of early Mesozolc tectonlcs are con-

sidared o b9 dn agrezement witl. right lateral wrenching on the Agulhas
fracture zonA, A right lateral senss of movement is indicatcd inde-
nendsntly by the nrssence of lstthand en echelnn faults and by the
progressive clockwice curvaturs of faults. Wrench displacement is
praferred ss s mechanism over purs shear becauses rotabtional deformation
cn the Agulhas Bank is confined to a linear zopne sbout 50 km wids next
o the freciturs zore. Rotatlonal deformation which is a response to
simile chearing is therefore at a maximum at the edge of the moving
platg rather than within it; this criterion serves to distinguish be-
twzsn pure and simple shear (Thomas, 1974, p. 1312),

Tha zeatewsst striking faults, such as the westerly segments of the
Gamtoig, Bups.lor end Plettenberg faults and those which bouwn:d the
Riversdele and Oudishoom besins, intersect ths direction of tha Agulhes
fracture zona et an angle of about ag”. They ars ell normal faults and
sppear tn curve in a clockwlise direction when treced eastwards. They
could

Tha probspiiity that they are antithetic faults can be ruled out because,

itenryticelly he either synthetic, entithetic or tension fzults,

85 discussed sarlier, antithetic faults tend to form at angles in axcess
of 70° to the main wrench zone. The easi~west faulis =rs considered to
ba synthetic feults beocausse these have been shown to form at an ecuts .
angls - gonerally less than 30° -~ to the main wrench. Alternatively,
and particularly sinca thay ere rolated, the past-wast faults can be re—
garded o tersicn {gash) fractures which ere orientated parallel to the
short pxez (B-87) of the strain ellipspid, i.e. parallel to the direction
of mexisur: compresalion, The yotatdcn of the faults is such that these
east—wast feults gessume an almost north-snuth erientation mear ths frac-
turz zone, this is in agreement with the views of de Sitter (1359, p, 172)
and Wileox et al {1973) who illustrate that thess fractures rotate during

continued wranah mowvarent,

Tneoretical conciderctions presented earlier point towards the develop-
renl of conjugats froctures or fTaulis in such a manner that the axis of

1
meimun comoression (B-87) bisscts the ascute angle between them, This
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39.
being so, the unmtated antithetic fault direction {D—l')l} rsld be
repreasented on tha Agulhas Bank by those faultz whiszh are rorallel to
the axss of the Agulhas erch and Bredasdorp basin, and ttr=s faults
which generally strike N 50° W, The Worcester fault has & similar

orientation west of Swellendam,

Unrotated tension or synthetic faults ars parallel to the east-west
grain of the Cspz fold belt in the centrel part of the Agulhas Bank;
rotated tension faults and ths unrotated antithetic feults are paral-
lel to basement anisotropies i1in the esastern section of ths study area.
The anisotropiss within basement are caused by the parvasive ercuate
cleavage, folds, feults and differences in compsetency of pre-Maesozoic
rock units in the Cape fold belt and may well have enhancad the devel-
opment and controlled the orientation of Mesozoic faults in conjunction
vith the str:sses outlined above, e.g. it was shown earlier that aniso-
tropies in basement which are orientated parallel to the maximum com—
pression direction of the strain ellipse, would propagate upward as
extension fractures, or under conditions of greatsr overburden load,

as normal faults,

The early Masozoic tectonic style is dominated by normal, tensional
faulting. The sbsence of notable compressional features such as folds
and reverse faults, indicates a divergent wrench mcvement on the Agulhas
fracture zons, Divergent wrenching, as illustrated by Wilcox et al
(1973, fig. l?), apnears anplicable to the early Mesozoic on the Agulhas
Bank, &as it seems to have resultesd in en overlay of extesasional block
faulting on the simple wrench patterm and caused grabens to firm in pre—
farence to horsts, and nearly all fracturesz have a tendency toc be high-
angle normal faults near surface. An important aspect of curved normeld
faulting is thal, although movement commenced during tha initiation of
displacement along the wrench zone, subsequent displecement on them corn-
tinued for as lung as the southerly block (Falkland plate) maved parallel
and past the rorthern cne (African plate). 7Tiha cessation of significant
fault displecement at about horizon C could cenceivably be dus tn one of

the following reasons:
(a) cessation of wrenc movament cn the Agulhms fracture zone.  This

probability /40...
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probahility is conzldersed to be unlikely wnless the initial
spreading axis cn the Agulhas Flatesau becoame dormarii: at this
time and thareby caused the Falkland and African plaztes to

move in unison,

(b) a change i the Agulhas fracture zone to more divergent
wrenching, with or without a concommitant shift in the early

Mesozoic znreading pole.

(c) restrictizn of mainly vertical faulting to an early phase of
stress build-up along an incipient major wrench zone and vir-
tual cessation of movement once a throughgoing wrench fault

had develcped.

Late Mesozpnic Tectonic Stage

The late Mesozoic interval, herein regarded as comprising &ll tha Cre-
taceous sediments above selsmic refiector horizon C; is represented by
a seaward thickening wedge of eediment which was deposited in response
to mild continual seaward tilting, and accompanied by limited draging
of late Mesozoic sediments over pre-existing topogrephic relief and hy

the reactivaticn of a limited nunber of normal faults.

Dingle and Scrutton (1924] regard the Agulhas Bank area as a sheared
Atlantic~type margin and note that a progressive seaward shift of the
main depocentre had taken place during the Cretarnepus; this cbserva-
tion is confirmed by tha continual ssaward tilt of the continental mar-
gin during the late Mesozolc tectonic stega, Similer epeirugsnic move-
ments characterise ths late history of other Atlantic-type margins (Dewey
and Bird, 1970; Sleep, 1571, 1573). Dingle and Scrutton. (1974, fig, 3)
show that oczanis crust had been created seaward of the Agulhas marginal
fracture zone by the mid-Cretacecus. It therefuig gpprars reasecnchle to
adopt the mndel propesed by Dewey snd Bird (197C) to explain tha subsi-
dence of the Aguliies Bank during the late Uretaceous; this model ralates
continued subsidsnce to separetion of contirenial freiments, the crzation
of new cceanic crust, its cooling ard Yscoming more dense, thus causing

prograssiva subsidence of the adjoining continantal crust.

It Vdill /41- e
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It wiil he demorstratsd that, translated from sedimentatior rates, sub—

gidence of ths Agulhas Bank during the late Mesozoic tectoric phase de-

creased axponentislly with tima end aversged 25 m per million years.
Basin Classification

General concepts

Glasssner ahd Telchart (1947) present a comprehensive revi.aw of the de-
velopment of geosynclinal theory and point put that tha following three
broad lines of study have been followed in the past-

1. the lithngenetid gpproach, which involves the study of the sedi-
mentary filling of the gessyncline with relatively little empha-
sis being placed on its structural listory;

2, the progenetic epproach, which is mainly concermed with the oro-
genic history of the gecsyncline, without primary regard to its

sedimentary filling; and

3. the gestectonic epproach, which relates the tectonic bzhaviour of

geosynclines to that of other crustal units,

Due to the different aﬁproachQS‘tha dafinition of the term "geosyncline®
has undergone corrosponding chages through the years, This state of
flux extends to the present day, even with the development of new tech-
nicques for studving earth features end although a better understaniiing
of three~dimensional relationships among rocks is cbhteined from sub—

surface expioraticn,

Many new principles and concepts have arisen from data obtained in geo-
physicel studies of ocean basins and from sbundant sub-surface deta ob-
teined in il exolorstion,  Through the yzars this srvganding knowledge
has stimulated reconsideration of many geosynclinal ccroepts and has

resulted in the daovelopment of gensynclinel classifications that ars

markedly different in some respscts Trom clas-icel views. The histori-
cal development of the concept of a geosyncline was examinad by Knopf

{1950), who pointed cut that Stille (1926) was a leeder in broadening
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ths definitior of the term "geosyncline" to include any araa which
suhsides or nes subsided through long intervals of time. He pluced
no restriction on the term becausse of the typs of sadiments — marine
or ngn~-marine - and it Qas incidental to his classificaetion whether
or not geosynclinal deposits were subsequsntly foldsd. Tha term
orthogeosyncline, introduced by Gtillse, refers to linear belts of
tectonic instability lying between more stable oceanic cr continen-
tal blocks designated as cratons. Stille &lso rscognicsed intraca-

tonic subsiding areas and termed thasa "parageosyncliha&".

Kay (1944, 1547, 1951) recognised the above-mentioned twa types of
geosyncline but expanded the concept of a parageosynclinz to includs
various types of subsiding areas within a craton {exc-, auto, and zeu-
gngensynclines). The zeugogensyncline recsives iis sediment from
complementary cratonic uplifts to which it is yoksd, Parageosyriclinas
differ from orthogeosynclines in that the latter ars located betwaen
cratons; depending on whether volcanism is associated with their de-
valopment and on the magnitude (or intensity) of subsidence, crthogso-
synclines are referresd to @ither as eugeosynclins: or miogsosynclines

(less active, no wvolcanics).

Many investigators have proposed classificalions of tectonic slesments;
notable emongst them are Keunen (1535) wio irtroduced the term "inter-
montane troughs", Ushgrove (1947), and Bubnoff (1931), who racognised,
amongst others, shield arsas, snslves, geosynclines and ocsanic troughs
and stated that shelf arsas may be stable or mobils. More recently
Wesks (1952) proposed a classification of szdimentary basins of various
kinds, in which graben-type basins ars included as a varisty that ococur

in stable regions.

Cady (1950) emphasises the sequence of avents in geotectonis glements,
as did Krynine (1951), Dswey end Bird (1970) expand on the classifi-
cation by Kay {1951) and relate the genesis of gesosynclines to the

hypothesis of plate tectonics. An Atlantic-tvype continental margin is
shown to be comorised ideally of a taphrogecsyncllie in its lower part

and of a miogeosyncline highor up. The plate~tecionics theory inspired
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Klemme (1971, and in Halbcuty et al, 1968) to propese a genstic classi-
fication of sedimentary basins; this classification alsoc takss intio
account the geomatry and chronologlc ewvolution of these basins and their

location in respect gf the craton.

Mesozole Basins of the Agulhas Bank

The Maspzoic tectonic style on tha Agulhas Bank allows for the study
arsa to be classified as shearsd Atlantic-typc centinental margin
(Dingle and Scrutton, 1974), As is tha case with other Atlantic—

typs margins it is characterised by the prasence of a taphrogeosyn-
cline in its lowsr part and a miogeosyncline in its upper part. On
the Agulhas Bank the sarly Mesozoic tectonic stage is clearly charac-
terised by rift faulting, which gavae rise to taphrogeosynclines (graben
and half—graben}. In Klemme's terminclogy the early Mesozoic Bredas-

dorp, Pletmos, Gamtoos and Algoa basins ars of Type III (ri‘is).

The late Mesozoic tectonic stage is characterisea by the presence of
a miogeosyncline (Klamms's Typs V basin] which extends beyond tha
limits of the underlying Type III basins. Dingls and Scrutton (1974)
state in ths samz context that, in ths study arsa, the sarly Msspzoic

basins coalesced during ths late Mesczoic.
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STRATIGRAFHY

LITHOGTRATIGRAPHIC FRAMEWORK

Thg lithostratigrephic framswork for the Mesczoic sediments intersected
in bareholas an tha Agulhas Bank is shown in figure 11. Whera possible
tha existing terminnlogy and nomenclature of the South Africen Mesozoic
rocks have baen ratainerd; where not, new formations end referance
stratotypes hava baen defined. The writer adopted suh-~surface pro-
cedurss as summarisad by Krumbein and Sloss (1963, p 71 - 91.). Tha
South African Stratigraphic Code was adhered to throughout. All dspths

raferred to in this thesis are below mean sea level.

Bassment

Paleozoic Karoo and Cape Supsrgroup rocks, and the underlying, still
older units thet cutcrop in the Capa fold belt, constitute tha floer of
the Mesozoic sediments nn the Agulhas Bank as in the southem Cepe coas-
tal belt. These pre-Mesczoic rocks ars collectively refarred te herein-

after as basamant,

A marked unconformity separates the Paleozo’s and ¥esozoic rocks in ths
southem Cepe Province (du Toit, op. cit., p 373); this unconformity is |

equated with the Gondwana erosion surface (King, 1951, p 243) and is

present throughcut the study area.

The identification of basement in borelalss on tha Agulhas Bank is rarsg-
1y eonclusive when it is basad solely on cuttings samples, corss or wiras-—
line-lvg cheracteristics, Similarly, parametars such as decrasasing
drilling penetraticn rates, dowmhole increases in sonic velocity, =shele
density and resistivity ars known not to provide infallible criteria for
distinguishing betwsen haszment rocks and the ovarlying Mesozoic succes-
sion. The singulardy nost usoful epproach of ldenti®™ding bhasement in
borehole cuttings samples is petrogrenhy (de Gwardt nnd Fowssll, 1974].
In particular thelr chesrvation that cleavege in folded basswent rocks

affects porphyveobliasts of ghlorite and muscovite suggasts that the

[
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! THOS TRAT ! GRAPHY
FORMATION MEMBER GENERAL _DESCRIPTION
Medium to light grey and greenish
grey, fossilliferous, glauconitic
ALPHARD clay and shale
SR-4 Lignitic sandstone
SUNDAYS S5R-3 Grey shale
RIVER SR-2 Lignitic sandstone
SR-1 Grey Sh, thin Sst negr base
RO TR KIRKWOOD :red mudstone 8 shale
S OLCHESTER INFANTA :grey,siity shale
SWARTKOPS COLCHESTER:grey, shale
ENGN SWARTKOPS : sandstone
ENON :conglomerate

FIGURE Il : Mesozoic lithostratigraphic framework on the Agulhas Bank. The
comparative geochronologic, radiometric age and geomagnetic stra-
tigraphic columns are shown only as a broad reference.
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Prleozoic and older rocks had attainsd grasnschist metamnrphic facies
prior te folding and thelr subsequent truncation by the unconformity
iich separates these rocks from the overlving Mesozoic rocks, N
cillary pstrographic criterie which may prove useful, particularly in
tha coarser Paleozoic clastics are the follcwing (ds Swardt, pers
comm): sulured cuertz grain contacts, fractures ecress grain bhounda-
riaes and laths of sericite which project across grain boundaries.

The presence of stubby chlorite or muscovite porphyrcblasts is charac-
teristic of the Paleczolc glates, while a sparced"fracture" cleavage
characterises the argillites of the Caps Supergroup, in contrast to tha
pervasive "minsral" cleavage gansrally found in the Malmesbury mstase-
diments,

On seismic reflsction profiles the bass of the Mesozoic sediments is
generally seen as a prominent reflector (horizon D), which elso consti-
tutes acoustic basement. Parabolic diffraction patterns oftey obscure
this acoustic basement reflection; these emanats from point sources on
the uneven floor of the Mesozoic succession, particularly in structu-

rally complex areas.

litenhagse Group

The historical devslopment of the terminology and nomenclature of the
Htenhaga Group in the Algoa basin has been summardsed by Winter [1973).
The tsrm Uitenhags Group has baen retained in the lithostratigraphic
framework for the Agulhas Bank, but certain modifications are introduced

in the fellowing discussion of the subdivision of the Group.

Enor Cunglomerate Formation

The type aerea of this formation is gensrally accepted to be at tha Enen
Mission, sbout & km due north of Port Elizabsth. The unit consists
of poorly sortsd, anoular to submunded boulders end red, yellow and
grean sandstone, and reddish-brown cleystone, which alse form intsr-—-

hads in ths conglomearatsa,

The paebblas cf the Enan vonsist lsrgely of cunciziti® Sandswone of the

Cape /[47...
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Cepe Supargroup derivation; howsver Rigessi and Gixon [1970) and pre-
vious investigators record the prssence of pebblaes derived from Karoo
and pre-Cape formations. The upper boundary of the unit was defined
by Winter (1973) as the first massive conglomerate hielow the Kirkwood
Formation. Tongues of the Enon may be presant in the Kirkwood, At
the base of the unlit thars is an unconformity which cuts across Karoo,

Cape and pre-Capes rocks,

Tha Enpon Formation post-dates the Suurberg Group eccording to Hill

(1972). This group of pyroclastics and basalt outcrops along the nor-
them rim of the Algoa basin and has been dated by the potassium—argon
method at 162 m,y. (Winter, 1973). The relationship of the Enon con-
glomarates to tha Robberg Formation has been discussed by Ripassi and
Dixon (197G) who assigned a Jurassic age to the latter, The Robherg
Formation overlies the Table Mountain quartzite unconformahly and is

cut by a smooth unconformity at the base of the overlying Enon Congloma—
rata in the ouicrop at the suggested type arsa at Robberg Peninsula near
Plettenberg Bay. The unit, as defined, consists of silicified sandstons
and conglomerate with tuffaceous shale beds in the lower part. It is
however true that hand specimens of the Robberg Formation can easily bs
cenfused with the Table Mountain quartzitic sendstone (Rigassi and Dixon,
1970, p. 518) and that those features which are considered characteristic
of the unit (silicificution and lack of varisgated shale) do not apply to
tha reference stratotype of the formation at Cepe St. Blaize (Leith, pers,
com.). The unit is thus not readily distinguishable from the sstablished
formaetions of the Uitenhage Group and has consequently not been incorpo-
rated in the lithostratigraphiz framework on the Agulhas Bank.

In the type arsa of the unit, the Enon Conglomerate Formation is thought
to repressnt strongly oxidised alluvial-fan or piedmont depasits, Since
depesiionsl znvironments do not constitutes a viable part of lithostrati-
grephic classification, the concept of thea Fhen Formation has besen extan-—
ded in tliis thaesis, to include conglomerats which has an unoxidised,

shaly mairlx,

Swarlkops Sandsivne Formation
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This unit was hitherto glven the status of an informal member of tha
Kirkwood Formation {(Winter, 1373). It has sinca proved to ke mappable
in ths sub-surface and is consequently assignaed formation status on the
Agulhas Bank, A detailed and suitabls stratotys= dascripticn is not
availebls from the Swartkops borehole, whore it was first intersscted
in 1208, For thie reason a corrslative of the unit, intersectsd in
the G[h)-Gemshok/1l borehols, 15 proposaed herswith as the sub-surface

stratotyns (Fig. 12).

The unit consists of medium= to fine-grained, poorly sortsd, angular
to sub-angular sandstons and guartzitic sandstons, interbedded with
subordinate brownish and dark-grey shals, The top of tha unit is
taksn at 3 255 m, at the top of the first sandstone below the Infanta
Ghals Formation (discussed below); this contact can be selected with
the aid of the gamma ray curve (deflectiv: towards sand line) in con-
Junction with changss in cuttings-sample charactesristics, and an abrupt
increase in resistivity. The baze of the unit could not be dofined,
since tho G(b]wﬁemsbok/l borsghole was stopped within it at a dspth of
3 938 m, It is suspected that towards the base ti.z Swartkops For-
mation may be transitional into either the Kirkwood Formation or the
Enon Conglomerata Formation, or alternatively, it may rest unconforma-

bly on Paleozeic rocks,

Colchester Shale rFormation

This unit is accorded formation status by Rigassi and Dixon [1970) who
describe the sub-surface stratotype from a cored intersection in tie
CO 1/67 horerolis in tha Algea hasin as follows: grey shalcs with sub-—
crdinate slltstones and sandstones of marine--astuarine origin which ine-
terfinger with the Kirkwond Formation.  Winter (1973) regards the same
unit es en informal mzicber of the Kirkwood Formation end oefines its
top as that of a saguence containlng grey shale beds sxrgeding cna ne-

ter in thicknexs near the bass of the Kirksood Formation,

The term Colchscter Forration is retained in the lithnstretigraphic
framewori: for iho Agulhas Bank by virtue ot Higassi and Tixon's priori-
ty of date of prrlication end of the proven nappability of the unit in

the sub-surfacs wn the Aguibhas sanl,
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Rigassl and Dixon (15’78) tsntatively corralate an outlier at Knysna
with tha Colchester formation. The Jurassic beds in this outlier
[Dingla, 1971) have been accorded formation status and named the Bren-
ton Formation (Du Toit et al, in press)., This unit oiitcrops along
the southermn shora of the Kysna lagoon and is composes of grsy shale
and blue-grey sandstone interbeds with a marine microfauna similar to
those of the Colohester Formation (Rigassi end Mixon, 1970; Dingles,
1971). Howavar, a lithostratigraphic correlation of the Brenton For—
mation with the Sundays River Formation is equally credibla,

Kirkwood Formation

This name waz coined by Winter (1973) for thos sediments which had pre-
viously hesn refsrred to by the cumbersome and ineppropriata term of
Varisgated Marls and Wood Beds, The unit stratotiype is pressnt in
outcrops near Kirkwood, while ths composite sub-surface refsrenca stra-
totype is found in the CO 1/67 and CO 2/70 boreholes in the Algoa basin.

The unit is mads up of reddish-brown, variegated, silty mudstones with
subordinate grey shalas and silty sand. The coarser clastics are re-
prasented by reddish and ygllow to white and pale=grsy sandstones; thay
are massive to crosshedded, commonly contain pebble strinmgers, clay
pellsts and fossilized plant matsrial; they often grads upwards into

siltstone and greesnish-grey variegated shala.

The upper boundary of the unit at its typs area is defined as the upper—
most riddish=brovwn mudstong below the Sundays Hiver Formaticn, In the
Algoa basin the Kirkwood is gensrally helieved to interfingasr with tha
overlying Suncays Rivser Formation as wall as with the underlying Enon
Conglomarate (du Joit, 1954).  The unit also interfingers with the
Infanta Formation (discussed below) on tha Agulhas Bank., At its type
locality the Kirke:ood Formatlon 1s assigned a stb-asrisl fluvial origin,
with the toarser clastics representing lenticular channel rdepesits

(e.o. point bars).

Infanta Shals Formation

This unit, /51...
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This unit, first recognised on the Agulhas Bank, occurs immadiately be—
low tha Sundeys River Formation in the G(b)—Gamsbuk/l horshele, where
its sub-surface stratotyps is dsfined (fig. 12). It is present be-
tween 2 124 m and 3 255 m and consists predominantly of lightv-grey to
medium-grey and occasionally dark-gray siltstona, claysterns and shals.

It is very silty in parts and slightly calcarsous,

The top of the unit, which corresponds to the bass of the Sundays Rivar
Formation, is clearly apparent on wirelire legs. Tha gamma curve de-
flects abruptly towards the shals lina at 2 124 m, while tihe sonic and
resistivity curves show abrupt increases and changes to lower amplitudes
at this lsvel. The base of ths unit is teken at the top of the Swart-
kops Sandstone Formation at 3 256 m, The Infanta shale is homogenscus,
poorly fossiliferous and predominantly argillacesous and is readily dis—
tinguishable from the overlying sandy Sundays River Formation as w2ll as
from the underlying Swartkops Sandstons. From dipmeter and sidewall
core data the unit appears to be well stratified, particularly towards
its bass,

The stratigraphic position of the Infenta Formation (below tha Sundays
River Formation) makes it a logical lateral facies equivalent of the

Kirkwood and Colchester Formations, with which it may interfinger.

The boundary hetween ths Kirkwood and Infanta Formations is likely to be
a gradational ons and this intraformational boundary may be a somewhat

arbitrary one based on the predominancs of either reddish (Kirkwood) or
grey (Infenta) lithologies, Repetitive elternations may be referred to

as Kirkwood=-Infanta Formation,

The paucity of sandstone, the lack of lithologic differentiation, and

tha poorly fossiliferous and stratified character indicate that the In-
fanta Formation was deposited in & low—-energy environment, under limited
marine influence such as pravails in a lagoon, estuary or eni-continaental
sea (Pickaid and High, 1572).

Sundays River Frmation

The type section of this formation is in the £liffs on the bank of the

Sundays River [/52,..
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Bundays River scme 401 km nortn to north-north-sasi ofF Port Elizsheth
(Wintcr, 1?73). Tn this vutcroo it comprises dal taic and shallow ma~
rine sedimenls consisting of gieyish-greenish-~blueish shale and silt-
stona with interbadded and varying emounts of sandstone, Tha unit
rasts conformabhly to unconformahly on the unde%lying beds and may lo-
cally conslitute the basal part of the lUitenhage Group. The upper
boundary of the unit could not be defined in the Algeoa basin, where

ne hase of the

cr

tha formation is truncated by wn unconformdity at

Algxandria Formation,

The earliest known attempt at lithaostratigrephic subdivislon of itha
Sundays River Forrution wes by Rigassi (1970). Venler (1972) subdi-
vides the zuccession in the CO 1/67 cored borehole and intreduces the
nanss Amsterdanmboek, Soatgsnoeg, Addo and Vetmaak for informal mambers
(du Toit st al, in prass). Since & great may of the characteristic
features in tha core of CO 1/67 cannot be recognised in cuttings sam-
ples of a rotary borehole nearby, thess subdivisions have limited use
on thas Agulhas Bank, For this reason the folipwing four--fold subdivi-
sion is proposed as a sub-surface reference stratotypa for the Sundays

Rivar Formaticn on the Agulhas Bank. [Fig. 13):
SA=1 Member

This, the lowsrwost unit of the Sundays River Formation, was first
recognised by the writsr in ths three boreholes on the Supsrior A
structure, whare it rasts unconformabliy on the Infenta Formation,
It ie comprised of medium= to dark— to blusish~grey shale with
subordinate, thin, fine-grainsd, medium-to light-trey sandstonas
towards the hasa, Tha basal contact is taken at the daeflecticn

of the resistivity (higher) and sonic (higher velocity) curves at
2 5 min 3{aksa/2 (fig, 13). Tha dansity, resistivity and
gl wolocd curves reveal increases which sugosst on abrupt
dovritiolsd increzes in the stata of compactien of szdiments at this
dapth, end which, together vwiih bhe diploy, ic strongly indicative
of thz presencs of & rsejor angular unconfoomi iy at the base of tha

in c{a)-A/2 at the

unil,  Thz uvgs

© nDUnUEY

baso ui the lovarmoai sandostune o the nueriving 572 bamber,
Tha unii reartains fragrentery, vitreouu, black lignitic metarial

end is  /54...



DEPGW | SAMVE RAY s p Log|moucTion SONIC LOG LITHO-
FORMATION MEMBER A o 7 ol 2 o oleo a0 s0 © ocy REMARKS
SE(me#ESVEL APl UNITS (Mv) OHM -M 4 sec/ft
ALPHARD /2‘ } é __—— | Greenmish-grey , fossilliferous, glaucontic clay and shale.
906 unconformity v
- 1000
SR-4 Medium to coarse-grained, porous, sorted, angular to
B L o0 rounded, medium to light grey sandstone with lignite
_________ L 7 S ‘1’2
-|200| 6 ,CE
A
o
- 1300 w —:—
2 — ——| Medium to dark grey shale with lignite.
w _—
SR-3 L 1a00 & o
2 —
e Medium-grained, sorted, angular to rounded scndstone.
600 Medium grey shale with thin limestone layers.
1648 —_ unconformity
i A D i e S i i S Vo S Y e i |
SUNDAYS 700 1686 2 sesmic horizon C
N ~| Medium to fine - grained lignitic sandstone.
RIVER SR-2 1800 = S
[=) PR
I i
899 4 J——
g —~ —| Medium to dark grey shale with subordinate sandstone.
SR-1 w e
l- 2000 % LRI -
2036 o A ] UNCONTOrMIty PR
EAl —_
INFANTA | 200 { ) R % —__~| Dark grey silty shale.

FIGURE [3:

Composite subsurface reference stratotype for the Sundays River Formation

on the Agulhas Bank.
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ard is more fossilifwrsus in its upper (shaiv) part. The cstra-

code Oytherslla sp 1 {Aobertson Research, 1972) eppsars to hg an

index fossil for the uriit. which gppsars tor reprasant a trans—
gressive marins deposit. It may bs correlated with Rigassi's

lower shalis mumber end Venter's Amsterdamboek membsr,
{ihe? Member

This prominent sandy unit occurs in all three borsholes on the
Superior A structure. Ths sandstones ars medium to fine grained,
sorted, sngular to subrounded and sorewhet shaly end medium to
light grey in celour, Interteddsd subordinate shales and mud-
stones ere medium to light grey, =nd cocasionally brownish gray.
The lowser boundary is taken al tihe base of a sandstone unit,
which 15 alsp the top of the GR-1l unit discussed sbova. The
uppar bounidary i
1 695 m, in G{a)-A/2Z.  The conic and resistivity curves are

of the wurit inasmuch en an ebrupt dowhole increase
ir sonic velecit,y end resistivity occurs at its top, which hers
coinnidaes with ssismic reflesctor horizon C, Jateiled wirelinas
log correlation betwean thz three borsholss on ths Supericr A

structure is strongly suggestive uwi’ the presence of an angular

b

uncontformity at the tep ot the &%=2 Mamhar [sae later).

The &-2 Nashar in @ls }-A/2 oppesrs to have been deposited as

elthar delta~Front sheat, distributary mouth-bar oc bar-finger
sands, Frogments of vitreous, lignitic material are generally
presant and are often parli-lly resizced by pyrite. The SR-7
Vomber ds ftentatively corrslnbad with the Soetgenosg womber of

I

tho Sundavs Hiver Formation in ths Algua basin,
8h=3 Member

The sub-surfacs stratmmtyps for the SR-3 Member was intersectsd

ey f

- e AN A P S 1 4 -~ o
in the z{a)-0/1 #here 1t cccurs betwsen doplhs of

1176 ¢
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hard, browrish dolomitic laysrs in the lowsr part and a fair
emount of fragmentary lignits, It is putty~like whan wet,

At i{s upper boundary the unit gradss through siltstene into
the sandstorne of the vwverlying SR=4 Membsr. The lower boun—
dary is shzrply defined by an abrupt increass in sonic valocl-
ty and shalas resistivity, as well as by a shift of the gamma
ray curve wa the sand line; thls boundary correspeonds to seis-
mic reflectosr horizon C.

A prominent sandy unit occurs approximataly in the middls of
the SR-3 Member in tha G{a)}~B/1 borehole batween depths of
1418 magnd 1 531 m. This sandstone is clearly indicated by
deflaections of the gammae-ray and SP curves; it is medium
grained, sorted, angular toc rounded and corntains lignitic ma-—
terdial,

SR-4 Member

This unit consisis predominantly of sandstone and is present

in the G(a)~-B/1 wall between 905 m and 1 176 m. The sandstones
arg madium to coarse greined, porous, sorted, angular to roundsd,
madium to light grey and occasionally light brownish grey. Lig-
nite layers and thin mildiy radio-sc*ive layers ars preesent,

The interbedded clay-shale beds, which decrsass in asbundance and
thickness upwards in the succession, are medium grey, sometimes
browish-grey. The upper boundary is sslected on the basis of
cuttings litholcgy in conjunction with asbrupt deflsctions of

gamma-ray and S,P, curves towards ths shals lins,

Thae lowsr boundary of the SR-4 Member with underlying shale of
the BR--3 Mamber is gradational; the gradation occurs thrcugh a
siltstonc which is present between 1 055 m and 1 176 m in  G(a)~
B/1.

Thie presernne of bounding end incraformalional uncenformities
makas it possibkls theb this propossd reference stratotvpe of the

Sundays Fiver Forcstion may be based on oo incomplete succession,

piphard /56...



Alphard Shels Formation

This wnit was first named by Dingis (1973 b) and is present in most
borsholss o tha Agulhas Bank. it comprises a succession of zaft,
madium-grey in gresnish-grey, plastic or putty-like clays; claystones
and shales; with subordinate thin limestonas and sands. Characteris—
tics of the unit is the presence of fragmentary aragonitic Inocsramus
prisms, Ligniftgo is rare in the Alphard Shale Formation, in contrast

to the Sundays River Formation,

The sub-surface stratotype proposed is found in the G(a)-A/2 borshole
(fig. 14) where the unit is present betwsen 507 m and 1 327 m. Tha
upper boundary is taken at tha base of the lowermost sandstone of ths
Alexandria Formation (see below). The base of the unit is taken at
the tep of i GR-4 Member, or, if this sandy unit is not present (as
is the case in G{a)-A/2) it is selected on the hasis of wirziins log

marker horizon 19. This wireline log marker is discusssd bslow.

The Alphard Formation 1s also characterised by a number of readily iden-
tifiable wireline log markers which can bae correlated with confidencs
between many borsholes. Thes mrst important of these are thes following
(depths in G(a)-A/2 given):

(a) Marker 11 : major increase in sonic velccity at 969 m;

(b) Marker 16 : Anomalously low sonic velocity and resistivity at
1 199 m;

(c) Marker 17

a2 characteristic pesk on the sonic and resistivity
curves at 1 212 m; and
(d) Marker 19

1)

thin mildly radio-active layer (gamma ray curve) which

is associated with a resistivity low at 1 327 m.
The wirslinae log charectoristics of marker horizeons 16 and 19 ars consis—
tent with ths presence of thin, black, cartonscecus shals beds, fragments

of which sre prazo~t 1In cuttings sampleg at norreeponding levels,

The overall noture of the Aloherd shale is that ol ¢ transgrsssive marine

sgquence. /58,..
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GAMMA RAY 0
O oW Los Y srros™in ™ sonic Log LT Ho-
FORMATION SEA LEVEL o 75 150 25 o 0] 190 140 90 ‘o | oGY REMARKS
(metres) A P1 UNITS (Mv) | OHM-M A sec/Ft
300 LR
R Fine grained sandstone.
ALEXANDRIA | ETRRES
—— Glauconttic, fossiliiferous green-grey clay
S0l Medium to coarse grained sandsfone.
507 L-E E"V"‘M""N‘{?unconformity W
- 600 J— —_
=
700 —— —
— —— Soft, medium grey to greenish grey fossiliiferous
[ —_ ctaystone and shaie with subordinate thin
— == —| limestones and sandstones. Inoceramus prisms !
ALPHARD [ — are charactaristic of the unit. i
L. 989 — _ _ _Markerit \™ 7
1000 ==
=100 A— —
— :l29129 “_M‘_Eri_g'r(g: «——=—k—Thin carbonoceous black shale.
Marker!7 -
- 1300 — R
1307 Marker 19 VM unconformity }’VVVV"‘MMM"
100 = | Medium grey lignitic shale.
SUNDAYS i —_—
RIVER -
b i500

FIGURE |4 -

borehole on the Agulhas Bank.

Subsurface stratotype of the Alphard Formation in the G(a)-A/2




H8,
SGOLENTS, Tha prasance of glauconite indicates the exdstence of an
vpen marine, ssdimznt-starved basin on a fairly stable shelf, The
piphard Formeticn is synonymous with the Alphard Group (Ringlws, 1873 b)

~

and is Upper Cretzcsous in egs.

Alexandria Fo mation

The Tertiary strata which occur in ths southern coastal regicns of ths
Caepa Provines include both continental and marine sadiments, The
thickaest and most extensive 1s a group of closely essociated maring
and aeolisn calcursnites, commonly referrsd to as coastal limestones
(Huddock, 1973). Tha name Alexandria Formation is applizd to marine
deposits of Tertiary ags (Ruddock, 1973). The overlying presumed
agolian calcerenites are assigned a late Tertiary to fNecent ags end

ars: described as consolidated and semi-consolidated deposits,

The marine and azolien limestonas in the coastel belt westwards of
Mossel Bay have in Lhe past heen referred to Jjointly and somswhat
loosaly as the Bredasdorp Beds or Bredasdorp Formation, Spies (1953)
and de Villiers (1954) consider them to be broedly squivalent to the
AMexandria Formatlon znd oldar sands of the eastarn Caps Provirce.
Authors of stendard text books (e.g. du Toit, 19%¢) have used the term
Alexandria Forme tion and Bredasdorp Formation to embrace both marine
end asnlian coastal limsstone of Tertiary age. The tesrm Alexandria
Beries was used by VWybergh (1920) without definition. Haughton (1928,
19659) employed it tw embrace both coastal limestone end continental de-

posits such as silcrete end ferricrets,

The coests) limestonss are descrited by Ruddork (1573) as follows:

"the hasal marins limesiones rangs through compact crvetalline lime-
stenes in which 1ittle more than fragments of cysters surmdwvad through
caompact gritty iimestones, mainly Tregmentz of shells to coarse, porous
locsely cemonted shelly {iiable rocks. Pehhles snd boulders, mainly

of quartzlis, oucur hoth as irregular discecntinuous conglomerates and

sporadicelly, cother isclated or st coenifie hord zons”,

Ic is obvinuz From The egbhove Ul at practicel defficulties are inwvolvad

in securipg /JE0..,
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DEPTH GAMMA RAY INDUCTION
BELOW LOG S.P LOG LOG SONIC LOG LITHO-
FORMATION UNIT SEA LEVELD 75 is0| 25 o 1090 140 90 40| oGy REMARKS
{metres) A.P1 UNITS (Mvl | OHM-M & sec/ft
100
k200
280 20 inch casing
r—m — N
AT Light greenish-grey, fossilliferous, caicareous glauconitic
4 _ clay and subordinate siltstone, sandy limestone and marl.
B n
k400 i
435
ALEXANDRIA 3 Fine -very fine grained, well sorted sandstone Glauconite
500 fossil fragments and foraminifera are abundant.
521
2 z \ { J Light to medium grey, fossilliferous calcareous clay.
I F600 ¢ é} g ? —;— ’ Fine to coarse grained sandstone, occasional amber pebble's.
- 700 K & - — Greenish-grey glauconitic fossilliferous clay with
ALPHARD I ingceramus prisms.

FIGURE 15 :

Subsurface reference stratotype of the Alexandria Formation in the
borehole on the Agulhas Bank.

F-D/I

11D 52


http:L-----t----=----Tr.6.OO

60,

in securing a coherent lithostratigraphic framework of Tertiary de-
posits in South Africa. In tha absencae of a stratotype which is
defined in terms of the South Africen Stratigrephic Code the writer
has elected tc sstablish a sub-surface reference stratotyps on tha
Agulhas Bank in the F-D/1 borehole and to ‘refar tn thssa sediments

informally a3 the Alexandria Formetior (fig. 15),

Taertiary Igneous Pocks

Tuffs, trachybasalt, asgirine-augite trachytes and aegirine-zugite
phonolitic trachytes occur in the "Tertiary igneous province" on the
Agulhas Bank (Dingle end Gentla, 1972). These rocks form thin dyke-
lets and plugs which sometimes protruds aboves thes ocesn floer ip
within a few meters of sea level in ths wastem part of the study
ares, where they have been intersected in Mesczoic sediments in the
D-A/1 wall, They havae been radiometrically dated (Dingle end Gentle,
1972] at 83 + 2,5 million years (Paleocene, zecording to Berggren,
1971).

LITHOSTRATIGRAPHIC CORRELATION

The lithaatratigrephic framework which is presented in the preceding
sactipn was epplied by the writer to all seventsen borsholes on the
Agultas Bank by employing e multi-disciplinary eppro=ch, i.e. using
lithclogic, wirsline log end seismic reflection inforration. The
following is a discussion of the results of lithostiratigrephic corrs-
letion in respect of each borshols, which are pressnted in plate 3
and table 11.

Borsholes in the Bredastcrg Basin

Borehnle D-A/L

This borehole was drilisd in the Bredasdorp Zasin in the vicinity of
the Alrkard Bainx, Tha Aleoxandria Formation is known to be very thin
and patchy at tnis locelilty; dgoesus reuks of Tertiary age are prasent

in this area [inngle and Gentlia, 1972)

Suindays River [/62...
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RESULTS OF STRATIGRAPHIC CORRELATION (OF BOREHOLES ON T4 AGULHAS BANK
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Sundays River Formation (237 - 396 m)

Tha borghols entersd the sandy SR~4 Member of the Sundays River For-
matic: belew the 20-inch casing et 237 m and passed into ths Infenta
grey siltsttne at 1 376 m indicating a minimum thickness of 1 135 m
for tha formation as a whole (uncorrectsd for a regional dip of ahbout
30). Judging by the presence of Senonian sedimants nearhy [Dingle,
19?0) it is thought possible that the bass of ths Alphard Formation
may be obscurad by the 20 inch casing. The lithologic subdivisions
and wirelins log characteristics of the Sundays River Formation ars
identical with those of tha composites reference stratotype in the
6{a)-A/2 and G(a)-B/1 boreholes, so that this correlatior: is presentsd
with confidencs. In particular ths inflections of the gamma-rey 5.P.
and conductivity logs at 1 376 m clsarly mark the hasa of the Sundays

River Formation.
Infenta (1375 - 1391 m) end Coichester (1891 — 2411 m) Formations

The grey silststone and shale with minor sand interheds batwss 1 376 m
and 1 B9l m are assignsad to the Infanta Formation. The gray siiels be-
tween 1 891 m and 2 411 m is correlatzsd with the Colchaester Formation;
the bourdsry hetwesn these two unite is sszlected on the basis of in-
flections of the conduntivity end sonic log curves. A core cut over
the interval 2 204 - 2 312 m confirmed the pissence of thinly bedded io

nassive, Oork-grey fossiliferous shale with impressions of ammonites.,
Syenite (2411 — 2489.15 m)

Tha borebole was zbandoned after 78,5 m had heen drilled into a foyaitic
syenite; tne top of which occurs at 2 411 m, This intrusive was dated
by the potessium - argon method at 59 + 3,5 m.y. (Rowsell,” pers, comm.)
end is clearly correlatable with the Taertiery ignasous suits.  (Dingls
end Contla, 1?02). Dark greenish-grey segerinc-augite trachyte was
intersactzd av varinus depths bslow the 30-inzh casing at 540 m; these
presumzd infrusives are claarly indicztaed on the gamma log by their
ratiic-active nature (> 100 A.R.I. URits) on the sonductivity log hy
their high resisiivity (circa 100 ofm/m ), and on the scnic log by thair

high velority (oo 80/usec/ft). - e

oF
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Seismic reflector hirizon [ occurs at a denth which rclosely corras—
ponds to the top of the szndy, lignitic SR-2 Membsr, thersoy confin-
mingz the validity o the correlation, particularly in respect of the

Sundays Rivar Froraation es a wholae,

Borelmle E-1

This borshole wes drilied near tha northem rim of the Brsdasdorp ba-
sin, The fossilifrrous, glauconitic, clayey Alphard Formation is
prasent between the Z0~inch casing (315 m) and tha top of the Sundays
River Formation at 51 m. Seismic horizon A has been mapped from a

depth corresponding to the base of the Alphard Formation at 32% m,

The Sundeys River Formation (361 - 1 157m) is notably sandy and
strongly lignitic, except for ths 5R-3 shals Member which, in conjunc-
tion with seismic reflection hsrizon C at the top of ths &R-2 Member,
affords a confident correlation to the type saction and to the other

borzsholes.

The Kirkwood Formation is present batwesn deoths of 1 157 m and 2 555 m.
Seismic reflection data indicate that the zontact with the Bundays Rivar
is a marked uriconformity and that the lowar boundary with cored intensc-
ly folded arnd fractured basement may bs a faulted one (Crous, pers.
comm, ). A notsble feature of the Kirkwood Formalion in this borshole

is the general lack of sands and coarser clastics,

Borehnls E-~B/1

This borerols was drilied on a basemsnt horst naar the northem flank

of tlie Bredasdorp Basin 13 km south-waest of the E-1 borehole,

The Alphard Forwation is typicslly devsieped and is present bstwsan
215 m (2C-inch casirg) endd £BL 1y ive argilleceous nature iz clearly
evident on the guwm: Ilcy, and its pressnco is confirmed by the praesence

of reflecctor hoevizon A ab ghoot 451 m.

Tha Sundayve River Formablion (451 ~ 1341 ) ids identiceal to its equiva-

L
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1gnt in tha E-1 horshole, partisculariv in respect of 1lts sandy, ligni-
tir nature, the prasencae of the §RA-3 shals and the position of seismic
raflactor horizon C at the tep of the S5R=-2 sand, The Sundays River
Formation rests unconfo:mably on highly incdureted, hemegenscus graey
slate with microscopic characteristics identical to thoss of Bokikeveld
slates although it could bsleng to other Palsozpoic or older basemsnt
rocks, The hase of the Sundays River Formation is marksd by an
abrupt downhole deflection of thes conductivity curye to highsr

(10 ohm/m) values at 1341 m; the sonic curve devlects to higher

(50 ju/sec/ft) values at this depth,

Borahole F=1

Tha Alexandria Formation (283 = 569 m) end its subdivisions were iden~
tified almost entirely from cuttings samplss, since only the Induction
und 5,P, logs wera recorded above the 13-3/B-inch casing depth of 920 m.
The basal sandstcne (unit 1) of ths formation contains a few pebiles
set in a matrix of celcareous sand with yallow and ochre grains, The

transition into the underlying Alphard Formation at 559 m is ebrupt,

The Alphard Formation (569 - 2 025 m) is typically developed e d con-
tains a conspicuous 50-m glauconitic sand end thin, brownish limeztone
layers bslow a dgpth of 1 408 m, which marks the position of seismic
horizon 11, Wirsline log marker 17 is correlated to the resistivity
invarsion at a depth of 1 655 m, where an increase in sonic vslocity is
evident from the scnic icg (fig. 16). A seismic reflector at this
depth has brson lsohelled and mapped as horizon A; it is 370 m abov: the
bese of the Alpbord formation in the borehole and close toc the top of

Cenomanisn sedirents,

The Sundays River rormation (2 025 - 2 444 m) is iduntifiea on the

basis of its position above the Kirkwood red shale and is distinguished
from tha ovsvrlying Agulhas Formation by virtue of the averall sandy
nature of tiw sususssicn helow 2 625 m, Seismic horizon G, which else—
where osccurs nezr the fop of the 33-2 sandy Naembsr, was idantifisd at &
depth of approxizataly 2 025 m, This impliceates that the SR=3 and 3R-4
Members are abscn®, due fo rondeposition [sco later, fig. 19) in iths F-1

horehole, The contact LKzteeen the §R-1 and D42 Membsars in the F~1

Lorehale /£5,.,.
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borshole 15 6 gradational one and is placed at tha first dewhole

appearancs of Cytharella sp 1 (H&bcrtsnn Research, op, cit.) at

2 182 m, on the assumption that this pstracnds ia an index fossil for
the SA~1 Msmber,

Tha Kirkwood Formation (2 444 - 2 523 m) may be unconfornably overlain
by the Sundays River Formation, Judging by an abrupt changz in structu-
ral attitude at 2523 m, An sltemative explonation may be that the
Junction is a faulted one. The base aof the Kirkwood is sslected en—
tiraly on ths hasis of the presence of a grey-=-black slate in cuttlngs
samples below 2 523 m; thess slates show clsavage and chlorite por-
phyrohlasts which are indicative of folded bassment rocks (dg Swardt,

pers. com. ).

Boraehola F—Ejl

The subdivisions of the Alexandria Formation (258555 m) are identical
to the refsrence stratotype in the F~D/1 borshole and are readily cor—
relatable tc the F-1 borehole.

The Alphard Forwation (555 - 1 924 m) is closely comparabls to its equi-
valent in ths F-1 borshols. Seismic horizon 11 has bsen mapped at the
top of the 50-m sandstone which ocours bslow I 2685 m; this hordzon is
correlatad with confidence to the F-1 borshnle and to others furthsr
afield on the basls of its character, the presence of a well-sorted

glauconitic sand end an increasa in sonic veloclty at 1 266 m (?ig. 16).

Wireling log marksr horizon 17 and seismic horizon A 1s selected et a
depth of 1 495 m on the basis of a psak on the sunic log which nccurs a
fzw matres below a conspicuous low. A small cownmole increase in re-
sistivity is alsu evident at this levsl, Tha Alphard Fornatien is con-

sidorad to ba precset to a depth of 2 524 .

The Sundays River Formation (1 924 - 2 326 m) is charecterised by its
sandy neture, whinh is o early chown by the daflscidons of the gamma-ray

curve to wvaluss lasa than 75 AL #5 in tha nparby F<1 bore-

hole, the biwndare betwesn the SR-) and 5R-2 units ie arbitrarily chosen,

Seismic [67...
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FIGURE 16

Detailed wireline log correlation between F-| and F-E/i
boreholes showing possible unconformity between Alphard
and Sundays River Formations in F-1 .
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Geismic horizon C has heen mapped =t the top of the uppermcst sand at
16824 m,

The grey silty shals betwean 2 326 m and 2 408 m is correlatad with the
Infanta Formation on the basis of its stratigraphic position belaw the
Sundays River Formation, A core cut at 2 404 m showad characteristics
which are quite incompatible with the correlation with the basement

rocks below the Xirkwood Formation in the F=1 horenhole,

A noteworthy aspect of detailed sonic-log correlations between tha F=l
and F~E/1 borsholes (fig. 16) is that, irrespective of which lithostra—
tigrephic units ars involved, the deflection of the sonic log at 1 796 m
in F-E/1 may be equated with a similar response in F-1 at a depth of

2 025 m, This sonic log correlation indicates

&) a mere 29-m difference of the thickness of the interval
in the two boreholes between marker horizon 17 and the

correlated sonic log anomaly; and

b) a possible angular unconformity may be present on the
correlated sonic log marker; this unconformity may
eliminate 132 m of shals which is present only in
F-E/1, above the SA=2 Membsr, which lies directly under-
neath the unconformity in F-=1. This unconformable re-
lationship may have significance as a trepping mechanism
for thz ges accumulation that was discovered in the SR-2

Member ir: the F=1 well,
Boreholes on thae Infantz Arch

Borehnls Fai/1

This borshnls wes driii=d on the scuthern fiank of the Infanta arch.

The litholiugicel =uhdivisions of thae Alexandria Formation in this bore-

hole canstitute ihz sub-surfacs reterence stratolype and was presentsd

gariisr (fig. 15).

The Alphard /5B...
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The Alphard Formation {811 - 1 651 m) is typically develcped, azcept
fer the sandstone which is slsewhers associated with marker horizon

11 (i 263 m), It is guestionable whether its abserce is dus to pro-
siovn on en unconformity, faulting or non-deposition, Marker horizons
17 (1 408 m) and 19 (1 608 m) can be readily identified as daflections
of the sonic curve and are both associeted with mild radio-activity in-

dicated by gamme-ray peaks,

The bese of the Alphard Formaticn is placed at 1 651 m on tha basis of
the first downhols appearanca in cuttings samples of brownish-grey,
lignitic shale and sandstones. This boundary mey be either conformable

or disconformable; seismic reflection and diplog date are inconclusivs.

The Sundays River Formation (1 651 — 1 789 m) could not be correslated at
the member level with zny confidence; the shalss are light brownish-
grey and lignitic and the thin subordinate sandstones are comprised of
fine~grained quartzoss grains, specked with glauconite. Mildly redio-

active layers ars present in the lower part of ths unit,

Seismic horizon 11 was mapped at a depth of 1 2681 m,; horizon A at 1 651 m,
while horizon D was recognised a short distance bslow the bottum of the
borghols, The baldness of the Infanta arch in respect of seismic hori-
zon C{pl. 2) serves to indicate that the Sundays River sediments in this
borshole may be stratigraphically ebove ths SA-2 Mambar,

The succession between 1 789 m and 1 922 m consists of reddish-brown to
brick-red chals and mudstone, and pebbly, light-~ to medium-grey, lignitic
sandstone. The presence of the latter is cleayly evident on the gamma-—-
ray curve in the uppsr part of the interval, which is correlated to the

Kirkwood Formaticn; it contains interbeds of Enon Conglomerats.

Borehole B{ai-C/1

The Alaxandvia Formation {280 - 465 m) was idsntified aliost entirsly on
the basis of cuttinos sargles, sinsa 8 Tull szt of wirelines Jogs was not
racordad ghove thn casing ab 934 my  the iithologisal subdivisicons are

identical to those of ths typs secticn in the F=0/1 bershole, wiich is



6%,
located 18 im to the south-west,

The Alphard Formstion (466 - 1 383 m) is identical to its correlative
in the nearby F-1/1 boreholse, except that a 50-m calcarsous, glauccni--
tic sandstone is present below marker horizon 11 (%45 m)., Horizons
16 (1 163 m), 17 (1 166 m) and 19 (1 349 m) are readily identifiable

on wireline logs.

The succession beslow the Alphard Formation id lithologically identical
to its counterpart in the F=D/1 borehole and is made up of the Sundays
River Formation (1 383 - 1 523 m) and the Kirkwood Formation {1 523 -
1 662 m), which rests on guartzitic sandstone (bosement) and contains

thin conglomeratic layers (? Enon).
Seismic horizon 11 was mapped from depth ot the similarly named wire-
3ine log marker at 945 m, horizon A at the bass of the Alphard For-

mation (1 383 m) and horizon D at 1 662 m,

Borehole F-B/1

The Alphard Formation {251 - 453 m) is resdily identified in cuttings
samples by its clayey, glauconitic and fossiliferous natursz. The bass
of the unit is placed at the top of the first prominant sandstonz and
the downhole appearance of lignite, Wireline leg marksrs 11, 17 and

19 could not be identified in this boreholes.

The interval betiwsen 453 and 901 m is sandy enid lignitic in ths upper
part (453 - 611 m), and contains red shala with interbeds of mecium-
grey sandstone in the middle (611 - 776 m), and light--grey shale with
subordinate sandstons in the lower part (776 - 901 m). The red beds
in the middie port =zre identical to those of ths Kirkwood Formation;

by implication +t-a2 lowsrmost grey shale interval may ba correlated vith
tha Colchester Formaticn, and the overlying sandy lignitic unit to the

Sundays Rlvyer Formzition,

The

phyllites and =latas, Seismin horizon A was tied info the borehole

i

uccession belew 501 m compriszs basement quartzilic sandstones,

at = depih  /7u...
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at a depth of 453 m and herizon D at 901 m, Seismic horizon 11 is too
shallow to be mapned in this area end in any event, could not be iden-
tified in ths borshole.

Borsholes in the Platmes Basin

Borshele MB/A/1

The succassiocn penatrated by the borehole is cheracterised by the ab-
sance of grey shele and its correlation is relatively straight-forward.
In the upper part of the borehole (192 - 1 098 m) sendy red mudstones of
the Kirkwood Formation intsrfinger with Enon conglocmerats, which is de-~

‘veloped between 1 098 and 1 273 m,

Borehole PB/A/1

The Sundeys River Formation {187 - 779 m} is characterised by its ligni-
tic and sandy nature, Tha top of the SR-2 Member is established mainly
from the Tirst downhola appearsnce of sandstone in the cuttings samplaes
and from tie position of horizon C at about 454 m, The placing of the
basz of tha Sundays River is aelso bassd on cuttings semples characteris-—
tics; the first downhole sppearance of red shale occurs at 779 o but this

litholegic cihange is not evident on wireline logs.

Tha Kirkwood Formation (7‘79 - 1104 m) is underlain by grey shale with
sandstone interbeds betweaer: 1 104 and 1 475 m; this interval is corre-
lated w'.th the Cclchester Formation,

Sandstones of tha Swartkops Formetion (1 4756 - 1 6842 m) are intertedded
with light-grey and brownish-grey shals. Massiva Enon conglomgrats was
encountered at 1 642 - 1 759 m; it rests on highly fractured, cleaved,

splintary, bhlack hasament shals,

* I
Boretule Blai-i/2

L . - s 7 - — “ s e s
The floxandria Formation {272 - 507 m) end i¢s subdivisions ere iscog-

nised on th: hanis of cuttings samles anid wirelineg iog charactaristics;

these /71...
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these are identical to those of the type ssction in the F=D/1 horzshcls.

“he type sections of the Alphard Formation and the SR~1 and S5A-2 Members
of the Sundays River Formation have already besen described (Fig. 13).

The interval bestween the base of the Alphard Formation (1 327 m) and
seismic horizon C {1 685 m) consists essentially of lignitic clay end
shale, with thin interbeds of brownish limestons in ths lowsr part.
It is correinted with ths SR-3 Member of the Gundyas River Formation.

The Infanta Formation (2 036 —= 2 330 m) contains a notabls number of
thin, hard, calcite-cemsnted, fine-grained sandstons beds, Tha sandy
nature of the Swartkops Formation {2 330 - 2 551 m) is demonstrated by
deflesctions of the gamma-ray curve to lower A,P.TI, values; the abnor—
maally high yresistivity essociated with these sandstones is probably
attributable in pert io their low porosity esscciated with a clayey

matrix and calcite cement.
Basement guertzites below 2 330 m are characterised by higher veloci-
ties (less than 40u sec/ft on the sonic log) than the Mesonzoic sudi-

mar'ts above,

Boreghols Gf&)-8/1
(W

The Alexandria Formation (271 - 463 m) is reacily identifiabls in cul-
tings semples by its sendy nature, particularly of unit 1 (402 - 463 m).
As in cther borenoles, this sendstone has a notabls gamma-ray rssponse
towerds the shalu line (> 75 A,P,Lunits), which is indicative of mild
radiv--activity, The shals of wilt 2 stands out clearly on the sonic
curve (> 140 sac/ri).
The Alphard Foreetion (483 = 1 172 m) is typiczlly develeoped as a glauco-—
ritic, fossiliferouz, gresn—-grey shale succsssioin, within which wireline
log markes hordzone 11 (854 w), 1€ (1 043 m), 17 (1 055 w) can bes iden-
tified by their sharactsriétics ac described in the stratotype borehols.
Marker horizon 15 o pleosd 6t 1 1722 @ o the besis of the oresence of
thin, mildly rasio-uniive psexks on thae gaoma. oy ciurve and 1s elso egue-

ted with the bass of the Alphard Formation, since Mimdle First appears ol

this depth  [72...
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this depth in cuttings samples.,

The Sundays River Formation (1 172 - 1 735 m) includes tha SA-3 shale
Member (1 172 - 1 557 m) which contains a fair amount of vitreous lig-
nite and thin brownish limgstone in the lower part and silty sendstone
near the middle. Sgismic horizon C occurs at a depth of 1 557 m and

is marked on the wireline log curves by abrupt deflections of the gamma
curve (to lowsr A.P.I. values), sonic curve (to higher velocities), S.P.
curve (indicator of sands) and higher resistivity. Thase responsss in-
dicate that the sandy SR-2 Membar occurs hetwsen depths of 1 557 m and
ebout 1 641 m. The SR-1 Member (1 641 ~ 1 735 m) is typically deve-
lopsd as an upward-fining sequence with a medium—~ o fine-grained sand-

stone at its basa.
Ths Infanta Formation (1 736 - 1 970 m) an< Swartkops Sandstons (1 970 -
£ 022 m) intervene bstwsen the Sundays River Formation and basement

quartzits (below 2 022 m).

Borehole G{&}-A/3

Tha Alexandria Formation (273 - 490 m) is identified solely on tha basis
of cuttings samples, as is the Alphard Formation (490 - 1 253 m), within
which horizon 11 (977 m) can only be tentatively identified due to the
lack of a complete set of wireline logs above the 13-3/8-~inch casing at
584 m, The remainder of ths succession is aimost identicsl to its coun-
terparts in thz other two borgholes on the Supzrior A structure, G(ﬁ)—Afl
and G(a)-A/2; within it, wireline log marker rorizons 16 (1 128 m) and
17 (1 142 m) are readily identifiable.

The contacts, lithologies and wirelins log cheracteristics of tle Sundays
River Formation {1 253 - 1 923), and its subdivision into S7-3 (1 253 -
1614 m)SR~2 (16 -1 784 m) and SR-1 (1 784 - 1 923 m) cerrespond

to those in other horsholes on the Suparior A structure; the sane epplias
to the Infanta Formation (1 923 - 2 201 m) enc the Swartkops Formation

(2 201 -~ 2 433 n),

A summary of the corrglation between the sbovi=menticoned three bureholes

is shown in figure 17

B(Jmh‘:!la [!741 6e
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Tha bhorehalae entersd the Alphard Formaticn bhslcw the 20-inch casing depth
F 280,7 =, and 1t extends down to S06 m. Wiraline loy markers 11 (467 m},
(507 m) and 19 (875 m) can be recognised and also correlated on saismic
reflsction profilss to the type area in the G(a)-A/2 borehela. Tha SR-3
and S5R-4 Membaers of the Sundays Rivar Formation in this borehole have haeen
described alrsady since they constituts a subsurface stratotype on ths

Agulhas Bank.

The succession bslow seismic horizon C (1 €48 m) and abovs the Kirkenod
red bads {2 512 m) is assigned to the Sundays River Formation; if seis-
mic horizon G maintains its stratigraphic position, this uni t (1 648 -

2 512 m) may bs correlated with the OR-1 Member in ths stratotypu wsll,
Seismic reflecction profiles neesr the G(a)-8/1 borehole site (e.g. fig. 6)
suggest that horizon G is an unconformity which truncates a portion of
the underlyving succession; a complets Sundays River sequence, ircluding
the S§RA-2 Mamher, may thserefore sub-outciop undarneath horizon O ocn the

flanks of the anticline on which this borehola was dArilled,

The top of the Kirkwood Formation is marked in cuttings samples by the
first downhole appsarance of rad and brown shaly mudstonss; it is clear-
1y discAamable on wireline logs, The inducticn and germma~ray Curves snow
gbrupt deflecticns as well as downhuls decregases in the smplitudes of tha
dafloctione at this level. The vcrcasional presesnce of orey shals cuitinge
from the Kirkwood rormation suggests that this unit interfingsrs with the
Infanta Formatlion, The grey shale of the Colchester Formation predoemie~’
nates below 3 082 m and is lignitic in its lower part. Ths Swartkops
Member 1e made up of a fine-grained sandstons betwgen 3 453 m and 3 GZL m;

it is interbiedded with brownisn-rec shale.

Borelnle Bth}"U_Mthhfl

The Alexandria Formation (308 - 631 m) is iden®lfied entirely on tho hasis
ui cuttings samnlas. At tids levsl in the bershole the sonic 1ng ic not
a very rslishla correlation tonl, since its quall f

tion (631 — 1 122 m)

by exesssivi boveloisz flameter, Tha Alphar? Forn

nlaing a consniruous saadstong below 799 mr dhis is ecusted with

marker /75, .,
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marker horizon 11 on the basis pf an abrupt downhole increase in sonic
valocity at this depth, Wirslina log marker herizons 16, 17 and 19

rpuld not be identifised in this borshole,

The top of the Sundays River Formation (1 122 - 2 124 m) is selected at
tha downhole eppzarance of lignitic sandstone bzlow tha shzaly Alphard
Formation. The Sundays River Formation is an upward cocarsening se—
gusnce zbove horizon G at 1 555 m. The bounriary bestwgen tha SR-3 shale
Member and SR-4 sand Member is a graedational cne and is tentatively
placed at 1 401 m.

As in G(a)-B/1, tha succession below the unconformity on horizon G is
truncated, Thz SR~ sand is absent in thse beorsrols and may well sub-
outcrop below horizon C towards the north, where en expanded stratigra-

phic section is prussnt near thg Plettenbherg fault,

The Infaenta and Swartkops Formations in tha G(b)-Gemsbok/l borshole con-

stituts the typs sections and have alrsady been discussed, (Fig. i2).

Borehole Gfh)}-Soringbuk/l

The Alexandria Formation (385 — 546 m) iz cnly tentatively identified be-
melar, which advsrsely affected the cuality of the recorded wireline logs.
The Alphard Forration {346 - 1 747 m) rests dirsctly on ssismic hordizon Gj
within it marker horizons 11 (1 051 m) and 17 {) 417 m) could he ifentifiec

using sanic log deflections,

Bzlow horizon C, which is clsarly evident from abrupt dafleciions of the

sonic and gamma logs, the succession is as folluws { from the bass upward);

Basumant ouartzits balow 2 359 m
ghon conglemerates, with grey

shele metrix in core no. 1 23556 =2 359 m
Infante Formatlon 137 -2 35 m

Borabnle [76,.,
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Borghols in the Algoa Easin

Borehole H{b)-Harteheest/l

The wireline logs arg inconclusive as a correlation toel throughout this
borehole, largsly because thay do not exhibit the characteristics of the
succession in stretotype borsholes,  The Alpherd Formation {371 - 862 m)
is therefore identified on tha basis of cuttings sampless only, particular—
ly from the shaly succezsion ebove & sandstrng (737 - 862 m) in the lower
part. This sandstone is caspped by a highly resistive thin limestone and
contains a number of thin lignite ssams which are associataed with mildly
radio-active clay; it may be equated with the sands which are associated

glsewhera with marker horizon 11.

The successitn betwsen 852 m and 2 415 m is as follows (from base upward):

Metamorphic slatss of basement balow 2 382 m
Swartkops Sandstone Formation 2112 -2 382 m
LHtenhage Groun 862 -2 382 m

The Uitenhaga Group is not correlated at tha formation leval since axcept
for the Swartkops, the succession intersscted has afinities with the Sun-
days River as well as tha Infanta and Colcnaster Formations. The group
coarsens upwards; 1in the lower part it comprises mainly well-bedded groy
shals, while in the uppsar part sandstones predominate. The succession
contains frogments of lignite throughout, & number of thin limestones at
tha top of sandstone bodies; 2nd numerous grey shale heds with macrofnssils
(mainly gastropoda, bivalvss and belemrites). An important observation,
in terms of sedimsntary tsctondics, is the presence of a numbsr of cyclo-
thams, An individual cysiothem eppozrs to comprise the Following (from
the base upwaid): ;

8) gleuconitic, fossilifeious grey shals, grading upward into
(b) lignitic grey shals, grading into
(c) santstone, wnich contalns brownish-grey shale and lignite

and nze & sharp upper corlont, wnd

(d) tris, wunfossillferous, hrownish, microcystailine limestona,

probasly ol Frash water crigd,
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Each cyclethem is thought to reflect intermittent Fault - induced subsi-
dence of the Port Elizabeth half-graben within which the succession oc=-

CuUrs

L"J

nd to indicate filling of the graben at the end of each cyclothem,

It is consider=sd advisable tn refer to thass undifferentiatesd Uitanhags

Grous sediments as the Hartebeest formation in an informal manner,
Disgussicn of Rasults

Tha rosults of the lithostratigraphic correlation of boreholes on ths

Agulhas Bank ere surmariscd in Table 11 (depths below sea levsl), Table

111 {thirknasses of units) end ars portrayed on Flats 5,

Formation

The hasa of the Alesxandria Formaetion cannot be accurately defined im the
Bl 4 )-Gamshok /1 end G{b}-Springbuk/1 boreholes., It extends to depths
grzater than 550 n below see lovel in F-E/1 (555 m), F-1 (569 i) and
F-0/1 (611 m), The regiconel strike at its base is nearly parallel to
tie zhall break at the 2{0-m isobath; the regional ssaward dip was cal-

culatsd using sea floor data (Dirgle, 1970) and is less than 2

The minirmum thickness of the Alaxandria Furmation could bhe calculated in
nins bereholes.  The greatest thicknesses intersacted ars in F=£/1 (2977m),
=l (2Bl m) and =-0/1 (331 m)

Complets intersections of the lowemeste two subdivisions of the Alexandri=
Furinaticn were nbtained in eight borsholss, Tha combined cthiclness of
unit ) and unit 2 rangs between 160 m {G{a)A-3) and 70 m (G(a)C-1, while

the sverage is shout 108 m,

Disconformities could he prasent in the Alaxandth-ie Formaticn, Uns discon-
formity is suspected to ba prasent at the Lup of unit 2, whers abrupt

changes in litkologic and wirelina log charaster? stics are abhserved;) ano-
thar may bz present Sowards tho buss of ths Tormedion, whera an abrupt charnge
1

« s A T ] A s o .
takas ploce frowm snalicw-waber (unit 1) tz deoner water (Alphard Formeticn)

vepositional crodrmmments as indicaisd by 1itholagle characteristics.

Nphard /79...
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Alphard Formaticn

Tha base of the Aishard Formation was intersected in 14 borsholes at
depths ranging from 361 m (E-1) to 2 025 m (F-1). In conformance with
the regional dip of about 3° at the level of ssismic horizon A(pl.3),
the despest intersections wers recordad in thmse borsholes which ara
closest to ths shelf break at the 2(0-m isobath (F-1 at 2 025 m F~-D/1
at 1 651 m and F~E/1 at 1 924 m), The Alphard Formation was interssc-
ted in ell ercept three boreholes; two of thesa (PB/A/1 and ¥B/A/1)
ara close inshors and in the third (D-A/1) the unit may be present
above ths casing depth of 237 m,

A complete intarsection of tha Alphard Formetion was made in seven bore-
holes on the Agulhas Bank, .Tha maximum thicknasses wera recorded in
F~l (1 456 m); F-E/1 (1 369 m); F-D/1 (1 040 m), G(a)-C/1 (917 m) an<
G(b)-Springbok/1 {1 201 m); ell these boreholss ers nsar the 200 m iso~
bath snd the results\canfirm that tre Alphard Formation is preseni on

the Agulhas Bank as a seaward-thickening wadge of sediments.

This is clemrly shown in figure 1B, whers thse base of the unit ogcurs &
she.rt distance (circa 100 m) below a prominent reflector wnich coincides
with wireline log marker horizon 17, This mzrker, in tum, occuis at
the base of = seaward prograding set of reflectors which are stacked in
euch a fashion that thay occur at prograssively higher stretigrephic
levels in e seaward dirsction, Marker horizon 11, which occcurs within
a contormehls set of seismic reflectors close inshors, becomes part of a
preqgrading sat of reflientors in a seaward direction, Thasa two wirslina
log markers vithin the Alphard Formation thersfore have sxpressicon on
szismic reflection profiles; thsy cannot be used fo formally subdivida
the Agulhzs Formation since they may conceivably transgress lithostrati-

graphic boundarias,

The Aiphard Formetinn, on lithologic character alene, is clearly trans-

grastive in respzy of underlying stratigranhiec units, In boreholes in

the Bredasdurp wicd Plotmos Hzsing it rests o the Sunduys River Formation;
1

in those basins sciswmic horizon A, which is oo spproximation to the base

(=]

f ihe Alphard Formetion, ccours et trg Lass of a conformabla set of

raflectors /BL...
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7 png encthsr and which convarge in a shore-

vhioh ovarst
werd divection, Salzmic refiection evidence is tharafore in sgroe-
mant with tha concent of the Alczhard Formation being a transgrsssive
Ui s, In the Bredasdorp Besin, a herringbons effect is obsarvad

this 1s producad on seismic reflecticn profiles by the atti-

sping and suboropping reflectors which enwvelop hordzon A

ig glear svidence in fawiur of an unconformity towards the hase of

o

the Alphard Formailon,

The faoht that the Alphard Formation rests on different members of the
Sundays Riwvar Forwaticrn in boreholes in the Pletmos Basin and fariher
weet doss not necseearily imply erosion of units at the level of its

latarsgl lithofacies variations within the Sundays River Fore

affords an equally plausihle explanation for this phenomsnon,

Im bho Porl Ellzabeth helf-grebasn the Alphard Formation rezts unconfoi-

mobly on undiffarentiated Uitenhage Group sediments in tha H{h])-=

lea and s the only place where a basal send is known 1o
he oresent, The unconormzhle seismic hordzon, termed top of Zsves 3,
3 at tha hase of a8 conf{ormable sgaward-thickening wedge of reflans-
tor hordzonsy  the unonnformlty is onlapped by individusl reflectars

7g in m landward directon,

elithin tha w

» Foemation was intarsected in 12 of the borsholes on

if tho undifferentiated Uitenhage Group ssdiments in

heest/Ll are included in this formation. ODisrogarding &F

borsiwle, tha thickast intervals wers recorded in the G(b)- Gemsbok/L
(1 o ...[L T'tJ

mas hesin snd An s D—n/l w21l {1 130" m} in the Bredasdor: basin. n

1 (2 805 m) wells in tha central part of ihe Plet-

wha In: = -5 slroady hasn shown that the lowsrmost two members
i arz ahsent; ths thin intsrsactions in ths

G{aj~G/ (140 m) are thersfors not sursrising,

was not enoountered clusa inchore in tha MB/A/Z
ity of the Git b J=3p

[ T S .
ngbok/l sorenale as

!‘-».-

The vl

-+

Lo phove a0d eresicn bolow tha unconformiiy on ke

b=t ki % t (b

4. et T3 Wl

hord zon 7.
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Blwer Fors betwoon 1 641 m (G{a)A/1l) and 2 859 n

(Gla)-A/2) tn %

@ soutkam (upthrow) side of the Superlor feult; these
elovetions are comparcble to those on tha erest of the Infanta esrch
{2{=]-0/1+1 523 @ and F=0/1:1 789 =),

The hase of the Sundsys River Foirmsiion has elrsady heen show to be an
unsonforeity along thz northam flank of the Bredasdorp basin in the
virirnity of the B-l, £-8/1 and possibly the F-1 boreholes; alsewhers

it is eiiber conformehls or di sconfornabia.

Tie 1itlofeniss and boundary relatinonshins of the Sundays Rivar Formation
the Azulhas Bank must now be discussad. In the Bredasdorp basin

thase relatinnshirs can ha demonstralsd by rafsrring to borsholes Bl and

=1 ’*:Lg. 1% ‘, In the E~1 well ths S5R=3 and SR} Members of ths Sundays

River Formation ere bounded by seismic reflector horizons A (top) end C

m.

(sase); trese two unile are not present in F-1 due to depositicrel thin-
iy which is shown Ly a sputhsasterly set of prograding reflectors which
oriap ot horizon G, Eoismic horizon A was mapped at the levs)l of wirp-
iine log warker 17; this mevkar horizon occurs in F=1 at a depth of 1 655 =
vhich is 45 m eprzovs the tcn of the Csnomanian and 85 m sbove the top of the

i
Iowar Crstaoonus. Tha Alphard Formaiion in F=1 extends down to hordizon o

dvar) ot 2 025 me In o the E=1 will herizon A anincides with

L

the top of thz lovwar Coeicoceocs Sundeys River Formation. It therafore

gpedars that

1.

i. the Alohard Fovmetion sxtonds dnto the uppermret lower Cratacanus

in Fl

P BN UNSUGTT Ex3153t8 hztwsen the Alpherd end Sundays Flvar Jor-

mebions ss 1o

e 1}
flactors bhuloow gl

T progreding vo—

iz formsation boun~—

CErs
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Taz SA~1 and SR-2 Members of ths Sundays Flver Formation collectivaly
itidcken in a sputheasterly direction and rest unconformably on ths red
teds of the Kirkwood Formation in both E=1 and F-1. A niat's is shown

to be pressnt on horizcn C by ths southsastsrly directzd progrades.

Tha above-mentioned relatlionships elsc pertain te the Sundays River end
Alptiard Formations in the Pletmes Bazin (fig. 20). In G(a)3/1 and in
G{h -Gainsbole/1 the top of the Sundays River Formation iz coincident
with the top of the Lowsr Cretaceous and seismic horizon A, In G(b)
Springbok/1, howevsr, horizon A coincides with ths top of ihe Lowsr
Cretaceous and is 307 m ebove the base of the Alghard Formation (on
horizen © at 1747 m}, As is the casz in ths F-) borshole in the
Bradasdomm basin tha lowsrmost portion of the Alphard Formation extends
inin the Lower Cretaceous in G(b)=Springbok/l.  The herringbeone effect
dsscrisod shove alse sigrifies an unconformable relaticonsiip balwsen tha
undays River and Alphartd Formatiens; this unconformity is oversteppsd

Ly proorassively youngsr sediments in a northwesterly direction.

Seimmic reflectur hordzon C has slready been shown =5 be an anguler un-
conforndty in G b)—Spr1nnhuk/L whera it rasts on the Infenta Formation
end in G'b }=Gemshok/1l, whera it overlies the Sti-1 Mamber, Tre lower-
mest two merbers of the Cundays River Formation ere thoucht to he sepa-
riated Trom underlying undts by en unconformity which cuts scrozss tha
Kirkwood (in G(a)~B/1) end Infanta Formations (in 5{b)-Gemshok/1 and
G{bYSoringbok/1).,  The thinning of the SR-4 and S53-3 snvelcoe inwards

G -Ssringhok/1; end tha devalopment of a compound unconformity on hori-

zmn G, mey be related to syn—sedimentary displacement on the Superwor fauls.

Tha unzsonfornzble relationship of the Sundays Fiver Formation to the Kirk-
vivad Forsedon conflicts with presently held views of the partial syn-
chrenuity of the stratotype sections of these two units on land in the

-

Alies basin (o0 Toil, 1984; fdgassi, 1972; Wintsr, 19?3).

Kirkwood

R o o Y - LR

The Kivke oo Formation wes Intersested in ssven borshulises on the Agulhas

Bank; thzse oz looat

3evi flzok uf the Bredasdorp bosin

{f=1 und F-1}, /35...
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(E=1 anid F=1), on thz Infanta arch (F=D/1 erd 5(a)=C/1) end alnng the

northem flerk of the Pletmas basin [PB/A/L, MB/A/1 and G(a)}-B/1).

Tha slavation of ths hcundaries cf ithe Kirkwood Formation ie highly

vardesle due to tne pravalsnce of faulting =t its stratigrephic level
znd th2 vardation dn its thickn=zes is dua amonust others to the pre—

sance nf & mador untonfaoarmity at the base of the overlying Sundzys River
Formaticon., The varying depths to the top of the unit are shown by trha
interszotions in G{a)-8/1 (2 512 m), F=1 (2 444 m}, MB/A/1 (above 192 m).
6(a)~C/1 {3 523 m), E-1 (1 157 m) and F=B/1 (1 789 m).  Ths maximum
thickross of tho unit was sncountered in the E=1 borchole (1 493 m) in

the Brzdasdomm hasin,

As previously seid the Kirkwood Formation is ssparated from tha Sundsys

Plver Mormoidcon by an unconformity, and it rests conformebly on ths Col-
shester formation in G(&)-8/1 end P8/A/1 and cn ihe Bnon Conglomerats in
KB/A/1, @nd unsenfornably on basement in F=l, F=D/1, and Gla)-C/1. The

Ann interfingers with the #non Formation in ths kR/a/lL

Kirkwond Forme

ol

harshole ond with the Infanta Formation betwsen &{a)-B/1 and G{t)-Gems-

bok/1 (fig. Z0) ena perhaps in 6{a)-B/1 itself, wherc a subordinate

.

gmounh of gray shala was ohserved in cuttings samples below tiha Sundays

Infents Ghele Forpation

Thza Infenta Formatdon was lnterssectsd in seven boreholss on the Aqulhas
Bank. Like the Kirkwod Formation its oressnt elevetion is varizhls
dus to blocke-favliiny and its thickness is intrlueiced to a large extent
by erosion on the overlying unconforind ties., The maximum desth i the
tnp of the uiit wes recorded in F=E/1 (2 326 m) in the Brerasdo.p basin

prnd Lin: g‘aat&st thiskness was intersected in ths G(b)~Bamsbuk/l bore~

hele {1 132 whare the stratolyps is defined,

The [nifants Forsalion rests conYormably on the Swartkops Formation over

the Suoecicr & structurs (6(a)-A/1, Gla}-A/2 =nd G(a)-a/3) and in

4 P ; - .
B Y-tuinshot /1, Tt vests contormagly o the Enon Forvetdeon in Blb)-

Soringseic/] anst en the Colchesw*er Formotien 3o DA/l Tts giww silty

shales /87...
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shzles intarfinuer with tihe Kirkwood Formation in the Plstmos pasin,

Tha grav zhales of the Colchaster formation occcur in only thres bore-

holes on the Agulhas Bank; the slevation of ots top ranges between

3 a2 w [in 6{a)-B/1) ana 1 104 m (in PB/A/L in tha Pletmos basin]), The
muximum recorded thickness is in the D-A/1 borehele (520 m). Tha col-.

chazster Formation is conformsbly overlain by the kKirkwood Formaticn and

osts conformaehly on the Swertkops Formation; these relatinn-

zhaen in figura 20, which also shows that the Colchester is a

tu%gua ¥ the Infaita Formation and that both ars latgsrally eguivalant

Jdstone Formation

the Swartkops Formaticn have basn intsrsected in sesven
Aguwllas Bank and wvaries in thickness from o882 m in the
wholas to 52 m in Gla)~A/l.  Tha itop of the unit ranges
2% m in &(b)-Gerehok/1 to 1 478 & in PB/A/1l.  The junc-

i
tion with tha Infanta Formation is conformable over the Supericr A strus-

Gamashok/l; it has a con’ ormable relationship with the
Colchester Formation in boreholes G{a)-B/1 end PB/A/1.  Ths Swartkops .

arvation rests o basement on the Superior A structure end in G{a)-8/1,

end confornaizly on Fnon Conglomerate in the PB/A/1 well., It is concei-
that the Bwertkops Forwmation may interfinger laterally with ths

notar cnd infanta Formations,

E;q 1

Cengies wra i Formation

Enoiy Genglomsrote was oncouitered in three horeholss on ths 2gulhas Bank;
1

intersecticn of its upper contact was made in G(b)mSpringbuk/
1 (2 5% @)Y end tne thickest irisrseation ia MP/A/1 (175 '), The Bwn

= L& coitforachly overlaln by the Infanta,

mey dnterfinger with the overlying

it the 8{2)=C/1 and F-0/1 ard

oy the Tnfanita aith.
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CHRONOSTRATIGRAPHY

General =Statemant

The South ATrican Stratigrephic Code defines a chronostratigrephic unit
as B subaivisicn of rock considered solsly as the record of a specific
intarval of tima, The boundaries of sucsh units are defined by objsc-
tdve criteris in their respective type arsas; these boundaries can ba
gxtonded geoyrephically as criteria of time equivalence become availa—
Eie and then only vithin the limits of accuracy inposed by physical or

palenntplogic criteria,

Polzontologic corit teria provide the most successful means of worlid-vwide
coyreiation of all ranks of Phanerczoic chronostratigraphic uni
fagt, Licchronology is commonly cited es tha only basis for estshii-
shing operaticnal time-stratigraphic boundarias (Krumbain and Sloss,
1963, p 41).

’Tha task of establishing = v:i.abls time-stratigraphic framewnrk for se-

dimants in horocholes on the Agulhas Bank was initially performsd by

sgivice companiea such as Paleoleb (G(a)-~A/l) and Robectson Research
}—ﬁ,z cra)-A/a 5{a)-B/1, mMB/A/1, PB/A/1, F1,

A paleontrlogic 1aboratory wEeS B8g-—

to re-exemine material from earlier wells., Frovi-

= toth mic.ofaunal (foraminifsral and ostracodsl) and
igations, end thesc were carrisd out under the di-
rection of Mr. J.R. McLachlan. The responsinility of intsgrating

palaoninloric results with the broad seismic—stratigrephic framawork

restod with tha welter vp until the time of writing, .

In encordsnss woch standard oil—fisld praciZce most of the matsrial
studied cema fron ditch-cubiing samples; sidewall end conventionsl
hotitom=iwio cores ware e2ldom avaiiable for paliszuritologic siudies in
thnse borsholes widch were diilled priecr to 197:. It is comman
knouwlecge that in cil expluvration borehcles the emphasis is placed

- L.

on ths /89,..




BY.

o7 the dytermination of the first downholz sppearance {axtinction taps)

N

of tihese miprofauna which hevs time - stratigraphic signiticances, Tha

ronverse it trus in recpech of microficrs, which generally rasge upward

in column from thelr first ewnlutionary appearancs

Dowihelez cuttinos contamiriation poses a ssyious
a»teralnation of smicrofloral bases; for this reason

coriez end sidewall cores arg mera vital for microfloral than micre

Fawnel, st

tha Tertlary end Uppsr Cretacesus chronostrati-~
to & large extent, if not entirely, on foraminifera;

I
e

°5is and importance was atteched to planktonin
the Canomanian, however, the microfsunal content

is vy moch lower, Snme correlations in the Lower Creiacecus and

older s been made on the basis cof bhenthonic foraminifera,

anetracedes and ndorufiora,.

tipstratigrephy is beyond the scope of this the-

aason the snsusing discussion draws liberally on re-

tv Fobarisen Research Intermational (1572) and by

Enolepr ,-131 poantnl ug'l sls.

Tertiary
A loeal zunation established by Robertson Researchi International {1972)
ning sediments of Middle and llpper Escane ags

tha intemational classification pruoposed by

(1s59).  Apart from the specias listed, an

Upmaor B

il 112

dating 1s cnnfirmed by the profesce in many horzgholes of

Maobarehaliia

Fontkoning

tiva, Globorotsiis crosseta

ot JJ.l.L_.\.)L onalia san

et MNP 7 s el 1 ST ST

Loway Focare [91...
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GENERALIZED MICROFAUNAL ZONAT
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H OF ECCENE BEOIMENTS

-

HURCHDLES ON THE A

T3

GULHAT BANK

(afler Robertson Rase

o
S22

)

areciy, 1

Faunizeng

Age

Orbhilincides beckmani Zones

Cluhorateliia cerroazulensis Zone \

~ . . . lippar Eocene
Globige.epsis semiinvoluta Zone ¥
Truncorctalsides rohri Zone

Middle Eocens

= Blobigerapsis index




91.

Lowetr Encena - Palescoang

Comnarsd to the overlying interval, this sequence is characterised by

a sudes in the numbers of planktonic Fforawinifera, which

bhecome sSpalrss and 8ven rare, Syecies used for dating include the

e
of, broedormani, Globorotelia cf, rex

(‘ Truncoretslia iew}; Globorotzlia of. formosa grecilis, Globoru-

iy

Lol nzsdii/Mleharctalia slongata, Globerotolia of, simuls—
tilis, & 1ia peausgbulloides, Globoroctallas triloculinoides,

Glokoizt

[T -

is Lunsigesror to ba present at the top of the segquence since, apart

sroun, Globorotalia cf, compressa,  An unconformity

from tra roduction of planktonic species, thase iz an epparent ab-
hords ¢irectly. referrabla to the colder part of the Middls

Encane andd woper part of the Lowsr Eceene,

Upper Cretacasus

Tha ganeralized Upper Cratecegus blostratigraphic suvbdivisions esta-

bligked by Bnhsrlson Resezrch are shown in Table V.

zeterisad by ths following calcareous benthonic

1 5pp. Arordtina rubiginosa and Fraesbuliminc

Caiteyus 1n additicn to those listed in Table V. Agglutinating fora-

by

2lude Grudryina cf dividends and Clauwlincidzss spp. Thes

nte resoverad from this inteirval arse considuosd to be insu

13.

ie o ab

- B

(o

dant in this interval which may be
1

cena dinneleoney,

ad Glehofroncwna

Bt B B A D

Santonian —f93...

F

onoztic to warrant a mors detailed subdivision of tha Maes



TABLE V

ENERALISED MIGROFALNAL ZONATION OF

LPPER CRETACEOUS

SEDILENTS IN OOREHOMLES ON

THE AG

UEHAS DANK

(after Robertsen Research, 15972)

Eerfd p——

FAUNIZONE

AGE

BUVFp—.

arkadzlphiana/Enistamina spp./

inorassata zonule

ltagstrichtian

Blobutruncana linneiana (S.1.) zonule Campanian
Clubctruncana linngianz coronate/ Santonian

Lohatiruncans careneta zonule 7 Coniacian
cachensis/Hedbergella Locwer Conienizn-

shotruncons s
e

Lower Turonian

Cenomaniar

us

"

UPPER CRz=TACE!
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Qartonian - 7 Coniacicn

Tt section as a whole is poorly fossiliferous, The Santonian dating
stomz lnrgely frum the speciss listed in Tablae V. Mo definitz evi-
izmca of thz exdctencs of Coniacian beds has been found and it is possi-
bla that tha Uppor Conlacian, at least, is absant.

Lowesr Dordacian — Uspsr Turonian

neE uppar boundary of this interval is marked by & strong infiux of gloho—
aarjne.plmnkta i foraminifera. Specimens of unquestionable Praeglobc-

not occur within this interval. A singie specimen

2 loeblichi recovered in G{a)-A/L supports a lower

= Turonian dating.

incoming of Preeglaobotruncana stephani rare specimens of

holveiica and Preegleobotruncuna turbinata are found in this

Ctﬁﬂl

. and Spirolectinata annectens and hy a concomitant tie-

re of Hedbergella spp. Spirolectineta arrectens is first

reccrded within *his zonsg and adds weight to the bzlief that it is a sig-

nifigest marker feossil for the Cenomanian,

Lower Cretaceous -~ Jurassic

Tt micragaleontolugical study of ths interval uetwesn the base pf the

Canomznil<: #rd hasement is based on foraminitsra, cetracodes and palync—

PR W)

rirohs, The assemhliagess recovared From each of theso microfossil groups

have beosn enct tha spesinens thene

selves infry =I5 ‘urthermpre the limic giblicgraphy relating to the
Lowar Cratzoeons in bouth Afriz-s 30 of ‘a vary sketchy"ﬁature, and conse=

ved o glace emphasis on correlations and

FEYRTTUE I i
ISy

comparisons /9...
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orparisons with the Medunge basin (Malegesy ) and with the Europear

type sections,

Us to now greater importance has been attached to stratigrephical con—
clusions rasulting frma studies of ostracodes; thezs are consistesnt
with & three-fold subdiwvision of the interval S9elow the Cenomanian
(tabls VI).

1. Lower #retaceous (pnssibly Albian or Berromian to
Valanginian )

2. Lowsr Cretacaous - Uppser Jurassic (prubably Valanginian
to Portlendian).

3,  ippsr Jurassic or clder.

A fourth intusrval is recognised locelly upon oqtrarnde eviderce alone
W the top of the unit is indicated by the first dovnhola spnsarances

of the following Valanginian forwms; Nescythere of, uitenhagenszis,

.

Cvthereile cf, ineouivalva, Amphicytharura of, theloides and Rastrocy-

3

tharidea chenmani.

Foreminiferal assemblages notzd "rom beglow the base of tha Cenomsnis
also suggest a Luwer Cretaceous—Usper Jurassic age since the gensral
ranges of the forms would be consistent with an overall Barremian -
Portlandien dating. However, it also appnears that the forms presant
ovar the major part of tha interval are more representative of zona D
of tha succussiucn racorded in the Kajunga basin by Espiialis and
Sigel {1953), whiich would imply e deuing more in keseping with Valan—

ginian - Poyxtlendian,

Coznomanian - Albdan boundary cannot be racognisad.

Tha fireil lmeoriant form is {enldeulina nodosa, which in north-west

& a Hautsrivian = Valanginian speciwss, hut, as Lenticulina cf.

var angulaocs in thae Majunga basin, it rarnges from Bsrremian

sspread but epparent-—

i
id

rentriloin
[, K@vw prd oo b G irin

33 in the Majunga

d Glgal (1553) i.e.

Tha seoourrence/95, ..,

gppear that the Lower Cretaceous cannot ba dated from foramini-




TABLE VI

CENCRALIBED WMICHOFAUNAL, ZONATICN OF THE LOWER CRETACEOUS AND JUBASSIC

SEDIMENTS ON  THE ACULHAS BANK

(aftsr Robertison Rzssarch, 1972)

FAUNIZONE
OSTRAZCDS FORAMINIFERA AGE
Isocviheresis Lenticulina Lower Cratsceous
sealensis nodosa (Altian or Barre-
man — Valanginian
Cythsraila sp 1 Astrerolas Luwer Cretacecus/
microdictyetus Upper Jurassic
(valanginian -
Portlandian)
Cytheralia f, index Upper Jurassic or
Cytherellia colli:os nlder




The occcurrence of presuned reworked Epistowina spp. in the Yppsr Cre=

aceous of the G(a)-R/Ll borehole provides support for the suggsstion

that the uppermost Lowsr Cretaczous has been sroded away.

Pelyrnlogical siudies undertaken by Aobertson Resesarch suggast that
the larger portion of ths Lowsr Cretaceous — Jurassic sscuence is no
younger than Aptisn and no older than Bajocian, and in certain cases

ey sven ba restricted to ths Lower Cretaceous.
Chronostraligrephic Correlation

The suggested chronnstratigraphic correlations of the succession inter—
sectsd in horsholes on the Agulhas Bank ara shown in table VII, which
was compiled by the author from information contained in various resoris
by Rohertson Resparch Internaticnal and by Soekor paleontelsgists. TF.

praliminary naturs of thesa rasults must ke stressaed; a critical review
of the ceastal snd nffshorg Mesvmic bipstrstigraphy is at pressat in

progress in Soekor's paleontnicgical Jeboratory.

Tha thicknesses oi thuee major groupings of chroncstratigraphic units are
ghuwn in Table VYITI, which was compiled from information contained in table
VIY, supplemnsited were possible by table IT. The following is a hrief

discussion o»f the results shown in tsbles VII and VIII.

Tertiary
——

wera cncountered in 10 boreholes on thae Agulhas Bank, The maximumn dc
to the base of tha Tertiary were encountersd in tha E(b)-Springbek/1 (670 n),
F-D/1 (645 m), F=E/1 (600 m) and F-1 {600 m) boreholes which are relaiively
close te thas sheli brsak. fecause of tholi regionsl seaward dip [Pingle,
1971 b} the T=riiary and younger sadiments zrys thickest in thesa same bore-
inghoi/l (545 m), F-D/1 (514 m), F-E/1 {486 m) ond

=3 (471 =), Thowghn intsrsections in borsicles of the bSass of the Ter-

fow snd e hetwean they ilnsiicats an aporoxdmate rae-
. e e aed o ) y - .0 epr o 4 s
gicrnial sirike of N 80 E end a sweaward dip of about 2. ks ia in gene-

» .- - r
views expressed. by Dingle (1923{b)).

Upper /99...
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TABLE VIT,

or

CEOUNCSTAATIGRANHIC CORPCLATION OF SEDIMENTS IN BCREMOLES ON TYE  ASULHAS  BANK

{all Cupths im mztres below sea 1lzvsl)

T Borewle b ! 3{n) Hib )
T i Slajafs slels/s 1 M3/A/L PE/AS1 3a) Cf1 G-A/1  FeBfl  #=0/1 E-Efl  F=E/1 Harte-
fge cr Stoge “‘.\\“‘ Gemsdol/1  E-1 taost/s
rare (fnn -!r] <271 <72 <2773 <283 <280 <280 < 258
Lonomz (Mt cfr_lle) 290 338 340 385 320 460 380
Evcene (Lowss) 380 420 £10 -3087 540 430 <371 £10
i Paleccene 480 420 280 560 510 asc 5C0
o ‘ u T eumiohiian 470 825 Seft <280  6UC 550 520 645 600 as3 &m o
n | p Laeriand an 720 740 620 405 931 740 720 955 <«£215 1020 &20 e
. : a e Lomsan 820 0 720 485 1100 780 780 < 28C 1005 425 1155 Absent
- F nremd et an 575 sen €10 1230 A35 €70 350 1070 1255 aksent
; e Tarondon 370 1675 970 1038 390 1150 2493 1445 Absent
o C.noin ean 1070 1220 1175 750 1700 1195 PRy o] <315 1455 2850 Aksent 1ain
i & ; L Alkien 1135 1370 1250 8%0 174C <187 1333 1210 1625 <2377 445 1493 517 1910 Abseat pEa g
i £ | 8] Aptiar 1530 2367 Ausant
i i E W toareznian 1220 1410 1340 1410 S1C 435 1185 250
1 5 | E Houterivien 1270 530 2115 1760 1L
l A Val “3"-1.01"! lan 1520 1650 1430 1670 1825 a0 J4AS0 1530 1495 1500 <180 1625 1860
Lower Cr sous and Loper 7 2120 2050 2290 2212 ? 182 580 1455 1300 1750 1750 2350
Jur ic cr oldsr
Paleazslic or older =l €33 | =433 3621 2523 Balow Balow Below Helaow  Eelow ol Selow Below
1273 1632 3733 2885 . 241l 15322 1383 ZAara 2382
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Upper Cretacecus

Sedimentz of this ags wers intorsscted in 14 of the 17 bsreholes on the
Agulhas Bank, The depths to tha base of the unit rangs from 425 m and
less close inshore to 1 740 & in F-1. The regionnl striks at thz base
of the Upper Cretaceous (N 80" E) corresponds roughly ta that of ths
base of the Tertviary, and the ssawerd dip is approximately 3%, This
structural attituds is in egresment with that of seiemic horizon A (pl.3)

which in turn corresponds clnsely to the base of the Alphard Formation.

The Upper Crstaceocus sediments on the Agulhas Rank form a sgaward-thicke-
ning wedye up to the 200-m ischath, which comprises all thse Upper Creta-
ceous stages ranging from Maestrichtien to Cenoranian, Sediments of

Uppar Messtrichtian age may conceivaebly be absent, while small niatuses

in the succwussion rmay cccour within the Coniacian and Turcnien intsrvais.
(Brenner, pers comm). In ths boreholes the Upper Cretacecus atteins a
me>dmum thickness of more than 1 000 m in F-1 (1 140 m) and F-E/1 (1 310 m);
the minimum thickness of 500 m (Meestrichtian and Campanisn only) was en-

countersd in tha h\uJ~ﬂAruebe°5t/1 well,

Lower Cratrooous and/or Jurassic

Sedinwits of this interval were encountersd in svery cne of the 17 horo-
holes on thie Agulbhas Bank:; the elevaticn of the base is highly variabic
tdue to hloci—-faulting. Mexdmum thicknasses wera thus encountared in the
Pletmos basin, s.g. G(b)~Gomsbok/l (2 7238 m), G(a)=3/1 {2 731 m) and in
the Bredardorp basin, e.g. E~1 (2 201 m), D~A/L ( 2 174 m). Boreholes
sited ocn the regicnal positivae featurass intersecied considarably thinnar
Lowsr Cretecsous and/or Juresiic sediments; on the Infanta arch thicke
nesses of L crdar of 200 m to 450 m wers recorded in tha F-D/1 ( 427 n),
Bla)-c/1 { 257 w) and F=5/1 {485 u) boreholes.

The age of the Lover Grelzzeouvs seddments renge from possibly Albian or

Barrairian to VYalsnrisian,

- SYNTHIESTE /1
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SYNTHESIEZ OF STAATIGRAPHIC RESULTS

The irntsgration of the stratigrephic results discussad so far which ars
derived from lithustratdgraphde,; wireline log, chruncstratigrephic and
selemic studigs was tha responsibility of the writer during the past
fiva vyears, In the following discussion an attsmpt is made to inte-
grate thass results within the lithostratigraphic framework established

Foy the tims-rock units.

Alexsndria Formation (Eccens ~ Palencens)

The Alaxendria Formation comprisss four readily identifiable subdivi-

sicris, Tha top of the formstion is generally ebocursed by casing in the

As shown in tahle TX its bass is practically coincident with

the! of sadirents of Tertiary age (Paleocene — Encene).

Tr respsct of G(b)-Gamsbok/1 and G(b)-Springbok/1 the difference hatwesn
the heasa of the Tertiarv end the Alexandria Formation reflect on the ten-
tativa pozitions of tha basz of the Alexendria Formation; in ths H{b)~

Hartgbaest/l borehols it oruld not be identified in cuttings samples or

}-.

or: e

In the remzirad of the boreholas ths differsnces in

depihs butwszen tha chronostraligrephic and lithostretigraphic units are
withis {he practiczal lower limits of ths scmpling interval et shallow
destnn whoere the drilling penstration rate is of the ordar of 10 metras
par miite,

The twp of unit 2 of the Alexandria Formation, datsd as Middle Eocang, is

abou® 40 m shcve ths top of ths Lowsr Eocene-Palsocens interval in =1,

™ ]

P=EfL, m=D/L and B{z3-Af1, wiils in G{a)-A/3 the top of thz same unit is
2l

E

I'T1

of Uppur g BT, Although the esvidence is rathsr scanty, it is

possibla that ths rapid downhole decrease in the number of planktonic
Torsis i undt 2 signifiss that unit 3 is transcressive end rests uncon-
formably on the vnderlying shale and thai it progressively youngs shore=
wai s a

The Aloxentdria Frovmation i B ; wi' Tertiery ege as discussed

chova, iz corrolotehla w.th Tlowar T drflar3J ik iden—

ool . 3 P ) 2o
tifigd wnid meppaost by Dingis

Alnhard /102
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Aphard Forvation (Upper Crestacsous; Masstrichtisn - Canemanian )

Tha Alphard Formation is made un predominantly of glaucenctic fussilife-
ruus greenish—gray shales and clays. Tha upgpar bnundary of tha forma-—
tion corresponds closely tc the Cretaceous-Tertiary boundary. Tha base
of the Alphard Formation, which cerresponds te the gpproximate level of
horizon A, is virtually coincident with tha base of the Upper Crataceous
in the majority of boreholes {table X); significent sxceptions ere ob-

served in five borsholes and may be dus to a combinzation of tha following:

1. the diachronous naturs of the formation boundary;

2. the limitations of the accuracy of chronostratigrephic
determinations as result of downhola sample contamination,
tha large sampling intsrval, and the paucity of Lower
Crisvacecus microfossils with tiwe-stratigraphic signifi--
cerice;

3¢  reworking of lower Cretascecus fauna on unconformitises and
their incorporation in sediments of Uppar Cretacecus ags;

4, the present preliminary nature of chronostratigraphic dste:r—
minations; and

K¢ unreliable litnostratigraphic boundariss,

It would spprar from microfaunal and seisiic refleciticn evidence that major
unconformities are not present within the Alphard Formation, A complele
sequénce, ranging in age from Maestrichtian to Cenomanian, is loeally pre-
sant on ths Agulhas Bank, however, i1t 1s pessible that late Maestrichtian
sedir=nls may be absent below the unconformity st the base of the Alexan—-
dria Formation, particularly close inshore. As shown in figure 18, sco=
ward thickening of the Alphard Formation takas glace by way of a corres—

poading thinkening of chronostratigraphic units,

Areling log merker or seismic hordzom 11 generally occurs within sedimsnts

N - - . . . L , - ~ s Vo
veryingly datsd as Santonian, (G(a)=B/1, G{b)-Csmsbok/l, Coniacian {3{a)-

B/1), and Turonian (#-1, F~E/1, G(a)-C/1 and 2(a)-A/3; the limits arc bo-
twean Cempanian an O(b )-lorinabok/I and Cenomunian o F=0/1. Wrilst this

hocrizon may he locally used as a strotigrephic w=i

Cl

i

regional marker within the Uppsr Cretscecus iz soriously in doubt, By

coalrest j.“..l'f.--
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TABLE X
Lo >

N DEPTHS TO THE BASE OF THE ALPHARD

FORCATION AND iHe QABE OF Thz UPPER CRETADEOUS

SEDIMENTS IN BCREHCLES ON THE AGULHAS dAlK

\ED“NDAW BASE BASE
ALPHARD UPPER DIFFERENCE

BOREHOLES KO, FORMATION CRETACEOUS

metres below | meltres balow ’

saa level sea level melrea
Gla)-A/1 1172 1 155 + 17
6(a)-A; 2 327 370 -~ 43
R{a)=A/S 1 253 250 + 3
6({a)=-5/1 906 890 + 15
F-1 025 7533 +285
g(z)-c/1 383 a3s + 46
5(b )-Gemskek/1 122 210 - B8
E-l 361 425 - 64
F~8/1 453 845 + B
F-B/1 1 651 1455 +156
E-5/1 451 517 - 56
{—E/1 1 524 1 5910 + 14
Hib J=tartahsazt /2 862 960 - 58
Fih J=tprinrncic/ 1 747 1 44y +307

i .




aomtrast, wirelins log marker hordzon 17 occurs within 50 1 of the top
at the Cenomanian (table XI) in six horeholes (G(o)=A/1, R{al-4/2,
5{a)-A/3, F-1, 8(&)}-C/1, and F~[/1), In the remainder - G{a}-B/1,
F-Z/1 and G(b)~8cringhok/1)~ scme of the reasons listed befors mzy ax—
plain the observed discrespancles.

A& significant hiatus is present towards tha bass of tha Alphard Forma-—
tion in the H{b)-Yertehsest/l borehole, where sediments of Gempanien

age rest unconformahly and directly on Lowsr Cretaceous ssdiments.

Bundays River Formation (Lowar Cretacecus = 7 Jurasgic)
While thaire can be ne questien that the Sundays River Formation is of
Lower Cretacecus age on the Agulhas Bank, a more preciss dating is
made difficult by ths general sparsity of fauna of time-stratinraphis
significance below the bess of tha Alphard Formation (Upper Uretaceous).
In addition, the presence of a major erosional unconformity of seismisz
horizon G, which occurs within the fermation, and ancther, towards the

base of the unit, makes dating sven more difficult.

Tha unconformity cn seismic horizon © is used informally in this thasis
for subdividing tha stratigraphic succession. It noours within sedi-
mente which are no older than Velanginian in any of the boreheles, aitd

is overlain by tkz §3%-3 and SF-4 Members in all boreholes except F-1,
~E/1 end B(b)-Soringbok/1, whore the SA-3 end §3-4 unils are shsznt dus
to nen-deposition in a hosinwsrd direction and the Alphard Formation restc

directly cn horizon C.

Tha part of the Yundavs Rivar Forwation hatween tha basg of the Alphard
Formation and norizun G, has been dated as late iower Cretaceous (possi-
bly Albisrn ar Barrzsmion Lo Valanginian); it iz hereinafiar rafersed o
inforaully cs the uzper Sundays Rlver wsacuence, lis stratigraoiic re-
lationstips to the ouorlying Alpbard Formation aid horizon G helow have

sirEady been Guolb wiin when discussing Tigures 19 and 20.

Tha part /106...
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TAELE XI

ENG  THE  TOP

COMPARISON  BETWEEN  DEPTHS  TO  MARKER  HCHIZON 17
OF _CENDMANIAN GEDIMENTS IN BOREHOLES ON_ THE AGULHAS EANK
Q::\\\ BOUNDARY HORIZON 17 TOP CENOMANIAN DIFFERENGE
metres below sea metres bslow sean (m)
_QGBEHOLE\ level Isval
G(a)-A/1 1066 1670 - &
G(a)-A/2 1212 1220 - &
G(a)~A/3 1142 1175 ~ 33
6{~)-8/1 607 750 ~143
F-1 1655 1700 ~ 45
g(a)-C/1 1166 1195 - 23
~D/1 1403 1455 - 47
F-£/1 1476 1850 -~374
G b }=Springhoi/1 1417 1250 +1.67
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Triw part of the bundays River Formetion below horizon C is referred to
belew as the lowsr Sundays River saguence. It is Valernginian in ace
o older, and prohably dates back into tha Jurassic (Fnrtlandiun}.

As a very rough epproximation, tha bass of the lower Sundays River se-—
gusnce can bhe taken to indicate the dJduressic-Cretacesus boundary on
the Agulhas Bank, which can, however, not bs placed in the majority of
ths boreholes, The lowsr Sundays River seguencs has bhzen shown to
rast unconformably cn basement or on the Kirkwood Formation, but may

be conformaehle to disconformable in relation to ths Infanta Formation,

Pre-Sundays River Formations (possibly Uppsr Jurassic or oldsr)

The Enon, Swertkops, Colchestsr and Infanta Formations make up the bulk
cf the intervel designated Lower Cretaceousz - Upper Jurassic cr clder,
Their stratigraptic position below horizon C certainly indicates that
they ars older then Valanginien, if nnt entirely of Jurassic ags. The
overall ssguence is clearly syntectonic, as can bz deducted by its great
thickness in basinal arses (grahen or halF—graben) in comparison with

1fs reletive thinness over highs such as the Infanta arch. Tha Uiten-
hage Group sedimants below the major angular unconformity “Tcp of Lavsr
3" in the H(b)~Hartebesst/l borehole wers clsarly deposited in a half-
graben, in which the succession thickens towards the Port Elizabeth {ault;
by implication tha UHitenbhage Group in the half—graeben is syntectonic; and

it is dated as young as Barremian,

Stratigraphic Model

The stratigreoide synthesis cutlined above has led to the develcpment of

& rmodel gum zsiriy the relatiunships begtween 1litho- and chronn..strati-

rephyv, unconforadties end transgressive-regrassive cycles (Fig. 21).

o]

Tha nodel iz sxtrapeoclated beyend areas of borshole and seismic comtrol

or

y incorporavirg eomg of the considerations which are discussed heiow.

A litiwstratigreohic unit is en expression (respense) of s particular

set of paleo-—-omvircnments, A bloustretigraphoc unit is often utilized

-

in stratigraphic /104...
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FIGURE 2I.

Schematic transverse profile illustrating relationships between lithostratigraphic
and chronostratigraphic units, facies,transgressive—regressive cycles and larger
sequences and unconformities as applied to the Jurassic—Cretaceous interval
on the Agulhas Bank.

MD 52



o

S

¥

in stratiprapkd s interpratation es roughly sguivalent to a tims interval.
Howewar, certain biota tend to be environmentaliy controlisd, so that
hiostratigraphic boundaries may elsno babhave as lithostratigrephic onas
and may thersfore ha diachrcnous. Within cyclss of depositica, which
may be intsrrupted by srosicnal pariods, the lithonstratigraphic units
migrate laterally in response to transgression or regression of the sea.
The rate of rovemant is controlled hy processaes such as the rate of sub-
gidance of the basin and its shaps, and by the raie of ueposition of

sediments with different lithologies.

Subsidsnce is accentuated at the depoccentrs of a basin the margins of
which may either receive sediments or be erndec duopending on the amount
anid position of flexuring between the rising provenznce and the basin,
and upon eustatic changes in sea level. Figure 21 stows the esffeut upon
the basin fill where rates of subsidence hevs diminished and eventually
wrare ernsion has occurred at the margin ot the bazin, Tha top of a
regrassive cycla merges with a surface which may still sccept sedimants
near ths depocsentrs, be in equilibrium with transporting medis in an
intermediate position, end undsrgo active erosion to become an unconfor-
mity landwarcds as the hiatus incraases. This is illustratsd by the
abrupt cut—effs of chronostratigrephic intervals. Pra-existing uncon-
formities may thus be truncated, adding their hiatuses to that of tho
overlying breaik in sedimentation. The sedimentary saquence at ths mar-
gins of a basin may he extensively abbreviated due to the converging of

a set of unconforwities.

Tha initial transgressive phase of the ensuing cycla of subsidence =nd

deonasition may bo short, resulting in a thir, poorly sortsd veneer of
originally coercs zediments, or long, resultine in an onlapping ssouencs
of chronnstratigraphic units. Near the ssaward terminaticn oy en wncon-
Tormity the same litheology is zpt to occur in both the regressive and
transgressive phuses, hence one can find and define apparently unprohan

lithostretigrantic units in 2 btype area which are in fact intarruntad by

q

vlasters and vnoonformities, it is for this rsascn that the presencs

stratigraphic wnit should not be tne

crophic unats,

The modal/109, ..
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The model is still oppllicablse where a baszin is Tuuli-bound, as is the
casg with tha pre-Sundeys River intsrval. The divergencae of isc-tima
lines towards the fault is the result of rapid influx of sediments in-
to the asymmetric basin, Coarsa detritus may havz koan dumpled into
the marine environment undsy certain conditions and shaly Kirkwood red-
beds may hove retained their colour after having being deposited in ths
SBR. Even though there may be disegreement as tn the environment of
deposition, the coxidised sediments are named Kirkwood Formation hy de-

Finiticn.

The model illustrates another significant possihility, namely that the
lower Sundays River seqguence and higher stretigraphic units can late-
rally becoma a terrestrial red-bsd segusncz and even conglomeratic to-
wards its landward limit, and that unconformities may occur within what

ie definsd as Kirkwood Formation and Enon Conglomerate.

Thie iso--tims lines in the upper Bundays River seguence illusirate pro-
grading which is the response of sediments deposited on o steeper--than—
average slope whenwver a basin becomas starved of sediments. Ifa
subsidence which calses desp-water conditions is followed by relative
quiescsenceg, the sediment-water initerfece advancas slightly upwards, but
mainly outwards, either s a delta-~slope or as a prograding shelf-

sdge, the slope-facies advencing into the basin with time.

SEDIMENTARY  /110...


http:int-erfs.ce

lic,

SEDIMENTARY TECTONICS

.

Sadimentary tectonics is the study of relsations betwsen tectooism and
sedimzntation, The relatdionships batween sedimentary tsclonics and
thelr ssdimentsry responses, long raecognised in gensral terms by stira-
tigraphers, were mora sxplicitly stated hy Dapples, Krumbein and Sloss
(1948) who expandard on pioneer work by Baily (1530}, Fischer (1933) end
Jonas (1938).

The study of sedimentary tectonics on the Agulhas Bank is facilitatsd
by the grouping of the Mssozolc succession into the following four in-

formal scouences;

1. Alphard (Upper Crstaceeous)

2. Upper Sundays River (Aptian or Barremien to Valanginian)

3, Lower Sundays River (Valanginian — ? Portlandian)

4, Pre-bundays Fiver, (Lowar Cretaceous and/or Upper Jurassic

or oldsr).

fich a grouping bears nc reference to the sequencs concept es developsd
by 8Blosz (1953) and which refers to unconformi ty-boundsd masses of stra-
ta of greater than group or supergroup rank. The above-mentiecrnzd four
sequences are akin to genetic seguences of strata - a 655 (Busch, 1571).
A BSS is defined as two or mors contiguous gsnstic increments of strats
represanting mors or less continuous sedimeniation; within it urcontor—
mities cannot be present but disconformities of limited extent may bs
present. A genetic increment of strata (GIS) is defined as ar intur-
val of strata representing onez cycle of sedimentation in which esch
lithological component is relete:d censticelly 1o all others; <The uppsr
boundary of a {GI5) must be & tims marker and thu lower bouadary mny he
time marker, an uvnconformity or a facies change from wmarine to nen—-ma--
rine, A genetic incrament of strata is similar to a foramat (FEIthbUH,
1954) provided tirat Lhz markers that ars used to defins a ferﬁdt are
time lines.

t

Tha grouning of sediments lnto genstic seguenceg ar incremants of strata

provides jiil...
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provides the genlegist wlth as excsedingly powerful and usalul strati-
graphiec tool; it is indsed a pity that these units dc not snjoy formal
status in tha South African or =iy other stratigraphic code. The
following is a discussion of sedimentary tactonics in respect of the

four Mesozoic genetic sequences of strata on the Agulhas Rank.

PRE~SUNDAYS RIVER SEQUENCE

The stratigraphic relationships of the Ercn, Swartkops, Kirkwsod and In-
fanta Formation which make up thls sasguence has been daalt with ahova.
The arkose or clastic wedge (Krumbein and Sluss, 1963, p. 559) model
appears to provide a satisfactory sedimentary-tectonic model in respact
of the pre-8undays River sequence on the Agulhas Bank; this model is

discussed hersunder,

Clestic Wedge Model

A clastic wedge [nr arkohse wedge if the provenance is granitiﬁ) is a type
of ssdimzintary fill which is prevalent in fault-yckesd basins. Thz sadi-
ments arg derived primarily from the eglsvated upthrow side of ths boun-
ding fault, The term "moulasss™ would be epplicable to the model under
discussion, but, as pointed cut by Krumbeir and Sless ( 1953, p. 535),
this térm has begen usad so Lroadly in connectior with similar, but not

necessarily related, suites es to have lost its original connotations.

The ssdimentary fecies in a clastic werge is characterised in the first
instance by the developmant of the coarsest clastics immediately adja~
cent to the upliifred block, {Enon formation). Distally these coarss
clastics grade intn sandstone (Swartkops Formetion) and marine or leacus~
trins clays (Infanta and Colchaster Formations). A rastricted euxiniz
facies is nossiblas in the lacustrine snvironment, The coarsest facies
aoour opposite the largest fault displecemant (Enun Furmation in the
Rivsrsdale, udtshoocmm, Beorge and Gamtoos basins) and in the veritical
secuence during tismos of ective Taulting; thls may glve rise to tongues
of conglemarate ans zandstone whicn exted into thke hssin and which are

ghiveloped oy & mere wistel lithotacies {e.y. tuongues of Enon in the Kirk-

wiocd Formation  /112...
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wosd Formation as in #a/A/1).

The structural sttitude of a cieztic wedge is such that the ssdiments
dip into the marginal fault, especially whers bads thicken in tha sama
direction (e.g. Port Elizabeth half-graben, Pletmos basin narth of
8(b)-Gemshok/1}. Intermittent seismic reflactors in clestic wedgos
are time-equivalent surfaices. Tha staep flank of a clastic wodge is
invariably a bounding fault (Cretacsous onshore basins) rarely a mono—
clinal fold (Eradasdorp basin}. All large clastic wedgas ars fault-
bound. The initiel displacement can bs measursd by the assymmatric
thicknening of a stratigrephic unit towards the fault; feulting is not
triggered off by iesnstatic imbalance caused by sedimentation but by
sub=crustal tensicri, although sediment loat may accelerata and-increase
later displacemants. The dip of the fault plans is usually stesp, but
flattens downward, The displacement ori the fault is nermal, but hori-
zontal components may occur in the direction of the depecent:s. Urt~-
1sss significant wrench movement is involved, ths culmination of tha
uplifted block is opposite the depccentrs of the basin., Clastic wad-
ges are known to have tormzd against reverse faults and to have bean
overridden by the elesvatesd block (wgaks, 1952] bui this did not occzur
on the Agulhas 8ank.

From the abovs considerationz it is to bs expscted that basins which
harbour clastic wadges are elongated parallsl to the bounding fault;
most of such basins on the Agulhas Bank are asymmetric in cross section
haing bounded by cne major fault (e.g, Supericr, Plettenterg, Port Eli-

zebeth and Sundays Aiver faults).

Sedimantary facies occur in a regular fashion within a clastic wedge.
The upper flow rugime of tha fluvial environment is charascterised by
I

tha preseica af an alluvial fan, pizdmont or Tenglomgrates (Enon for-

ratlon) and by braided ctresws (Swartkops snd Kirkwood Forwaifions);
these mey form coalescent fans, Tha elungaciun of such lithosomes
arg conceptually narallisl to the paleocurrent direction and at right

ey
i

angies to thy steeper "lank of ths bkasin, .6 avalded streams of the

fluvial envivonment glva wey to valley=Fflabt wrvironment (possibly tha

shaly /113...
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shaly components of the Kirkwoed Formation as in 5(a)3/1) with increasing
deposition of red =silty shala. Downstream thess faciss are replaced by
deltaic and by lacustrine or marine environments (Uolchester sad Infanta
formations). The thicknsss and retes of sedimentstion (seas later) of
the enviyonmental facies are directly related tu, amongst cthers, the
intensity of tectonism. Depending on the morphology of the basin floor,
the rate of changa of feciss may be repid or slow; some of the faciss
may he shsent (Kirkwood in D-A/1 and 5(b)-Gemsbok/1}, The delteic
facies within a clastic wedge is not likely to be prograding but to be
nodifisd by intermittent subsidence, which gives risa to cyclothems
gpanning the aqusous/sub-aguesus depositional interface (Uitenhaga Group
in H(b) Hartebeast/l). An important attribute ol clastic wedges is that
sedimantation keeps pece with tectonism, so that & de=ep-water dzpositio-

nal envircenment is rarsly attained.

Wi vnin clastic wedges one cen expect to fino numerous diastems, local
¢isconformities and hiatuses, particularly within the continental en-
vironment, Unconformities of more regional extent may occur in the
distal porticn of the wedgss, where they are linked ¢n the top of re-
gressive cycles of sedimentation, Of importance is an unconformity
that ssparates tha trough fill From overlying sediments; such 27 uncon-
formity marks the base of younger coverlying basins (horizon C and "top
of laysr 3“). If the unconformity extends over a numher of troughs

(es harizon C does on the Agulhuas Bank), the end of active rift tecto-
nics is dated by the uncorformity (generally Velanginian but younger

than Barremian in the Port Elizabeth half-graben).

Arkeose wedgs exsociations ©o vary as pointsd cut by Krumbein and Sloss
(1963, . 463), buwt none of tha variaticns sarves to mask ths esszniial
similarity tc the above-mantioned model in respect of comparable strati-
graphis relationsiiips, wedys-shaped geomatry, immature sedimnts =nd re-

lationships tn steenlv fFaulted basins and rigid uplifted blosiks.

The wiitser hzz no nesitation in suggesting that the pre-Sundasys River
sgeuence confores o tha clastle-wsdge modal, cven ihougih the control
eoints a/Yurde by the bBoraholes on the Agulhas Bonk are comparatively

fow and far Letwewn.

st oy AR Y
Ui 1o j =4"Thaa

4
0
4]


http:i.i:i-Jt:.AL
http:3tl'E:i.ti
http:s3ssnti.al
http:Formats.on

Isopachs

Th» ragional isopach (fime-~thickness) map uf the intarvel botwesn seis—
mic hordizons C {or "top of laysr 2%) and D reflents; to s large extent,
the thickness end distribution of ths pre-Suindayvs Rlver seguenca cn the
Agulhas Bank (Fig. 22). It shows that ths Algua, Gamtoes end Pletmos
basins are flanked by normal faults which, as conjectured in a previcus
dizcussion, are conceivably synsedimentary. The Algea basin is complex,
with a number of depocentres located on the immedlate downthrow sidss of
major synsadimgntary faults. They ars &ll asymmeiric towards Lhs norih,
as is the BGamtoos basin., Tha Pletmus basin is also complex and is mads
up of segments which are asymmetric to the south (south of FE/A/I and
M3/A/1) as well as to the north (north of G(b)-Gemsbok/1l;) and which dip
respectively into the Superior and Plsttenberg faults. Sotwaen the Su-
perior fault and thse Infanta arch there is ancther subsidiary trough
which is asymmetric towards the fault-controlled saoutirom flank, In
pre~Suntlays River times, the Bredasdorp basin was on thae other hand

roughly cvate with few, if anyv assuciated syntectenic faults,

The basins of the Agulhas Bank ware separated geographicelly aend ware iso-
lsted by the Recife, St. Francis and Infanta arches and; individuslly and
collectively tsnd to clese in a seaward direction, This isclatlon of
basins is agprarently elso valid in respect of the Riversdale, Swellencdam,
George and Cudtshoorn basins, and may explain ths genaral paucity of

plenktonic feuna in the pre-Sundeys River saguenca.

LCWeER SUNDAYS RIVER SERQUENGE

The Lowsr Suridays River saguencs cemprisss tha SRl and SR-2 Membars in
borghales on Lha Agulhas Bank, The lower boundary of the seguenca has
been demonsiraied to be en angular unconformity in 5.l E~B/1 end F-1;

[
T -

elsewhere it 1v eithar ocnniormable or disconfurmabls. Its upper
dary correspeonds to zeismic reflecior horizon © wiilch marks a major in--
trafurmalional unconforsd Ty, particuiarly in the Platmos basin, The
aga ~f the =zgrescs foo heon shown to be Velanginian or older; the

1

datiing strins lerjely frov genthonic foraminifera and fresh=wator ozstra-

i
cods, whish crs wwest abwndant in the upperanst (shalyjqﬁart af the SR-1

Member. [116...
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The mameaice 1s clsasrly transgrassive in respect of the undar-

1ving
poroially truncated in G(a)8/1 and 6(p)-Gemsbok/l; it is ebsent due to

ard Infanta Formations and hzsanent {in E=B/1) and is

£ N 2 Al 4 ~ b
erosion in 8(b lSoringhok/1,

Tha lover Sundays Pluer sequencs is thickest in boreholes in G{a)B/1
(836 m) and S{h)-Bemsbok/1 (568 m),  Elsewhers its thickness ranges
.

from zera [on the Lnfenta arch) to abcut 430 m.  Ths greater thicknessas
1

wow gidae of the Supericr fault cs compared with 350 m in

6{a)~A/2 on the upthrow sids, suggest that the Supsrior fault was active

ﬁuring sedlmentatirny  this is consistent with tha observation that tha

Fators nf nota conceming the lower Sundays River sequence is ils late-
ral persistence as a bhlanket-liike unit which, barring the Superior feult
and the reiief of the Agulhas, Infanta, Recife and 5t. Francis arches at
the Tiks of iley deposition, tecstifies to ragional low relief of the depo-
gitional Tlvor upon vwhich the unit was deposited, The ligritic neature of
thy sandsiones and the predorinance of banthonic and fresh-water fauna
within tha ssguencs argue in fayour of a shallow-water environment domi-
atid by terresirial influsncss such as exist in an epeiric saa. The
sagience appears to hava effectively filled in the existing minimal relisf
inhzrilted froo~ the undorlying block-faulted basins which wera all but
filled by synitectonic sedirients. Its sandy nzture contrasts shaimly with
that of the underlying Infanta Formation. Whether thils cam ba construed
it as indicating ths effect: of tectonism (uplift of the scurca arsa],
dirasiic shange in ths provenance or a change in climate remains nroble-—

matdopl,

It i= indsad onfortunate that the base of the ssquence cannpt be mapped

with any con¥ldsnce on =eismic reflection profilaes, despite numervus
sttampts to oo a0, Trie intarfoce has poor sedamic definition and oan-

not be traced for .ny orsat distence even hstwsen relatively clossly-
torsholas, In this 1ight, meaningiul iscpachz cannot be Zrawn
sequenca and “urither perusal nF the teclonic controls of zzdimen-

aooears fulile. It is not unliksly that the lower Bundays NMver

e roprosesais =0 aborted cycls of doltaic Uud¢nsntat10n.

UPFER SUNDAYS /1317...



http:z;:.;.r1
http:S!.:nde.ys
http:intarfc.ce
http:ird~'.8d
http:SuPGr.1.or
http:C!;}bilthr.Jw

-i'.?'

ot

UPPES  SUNDAYS RIVER GEQUENCE

The uppsr Sundays Alver sequencs consists of tha SR-3 [shale) and
SR-4 [sandy) memhers of the Sundays River Formaticn, is Albian or
Banremian to Valanginian in age and is bounded approxinmately by
seismic horizons A (top) and C (base]. The vertical and lateral
stratigraphic relationships of the ssquence have heen discussad, and
arg portrayed in figurss 19 end 20, which havs a bearing on the dis-

cussion which follnws.

In the vertical profile ths sequence can be seaen tw coavsan to the
axtent that the strongly lignitic SR unit overlies the fossillife—
rous grey SR-3 shale; the contact bstween thess two units is grada-
tional, Upward-coarsening seguences have often besn citzd as being
indicativz of regression (Visher, 1965, Pirson, 15670, p. 37); this

is confirmed by the uppnar Sundays River sequence which also exhibits

& shallonwing of the snvironment upward in the seguence. The gevne—
tric arrangement of time lines (prograding reflactors) tends to support
thlis inferencs. The SR-4 unit appears tc represent the topset beds of
a delta lobe within which the dopositional surfacs 1s sub=parallel with
time lines,

A featurs of nota in both the Bredasdorp basin (fig, 19) and the Plet-
mos basin (Fig.,EO) is that prograding reflectors impinge in a basin-
ward direction onto the lowsr bhounding surface of the saguencs. This
is so even though tha fossilliferous SRA=3 shelc ie transgressive in

respect ¢f the underlying lignitic SR-? =ariastone,

The sedim=nts that were depositad during this transgression are eiihsr
not present or tuo thin to be resclved on seiscic reflection profiless
on the Agulhus Bank.  Asquith (1974} has shown that cyclic deltaic
sadinentaticon 1z otten interrupted by non-depositional shoreward shifhs
of tha shorelinz; ohis model aﬁpears readily appliceble to the uppar

Sundays River sequence o the Agulhas Bank,



Iscpachs

sopazh (isctime thicknsss) map of the intervel betwsen seismic

;.cu

The
hurizens A end (o (fig. 23) shows the distribution of the upper Sun-
days River sgzauiences on the Agulhes Bank. Twa mailn depccentres coin-
sida roughly with the underlying Bredasdorp anc Plstmos bacins and

are separalcd by a broad arsa with relatively thin sediments over the
InTanta arch, The uppser Suntays Rivar degpocentres are therefore sub-

duad replicas of the structure at lowsr levels.

The Bradasdorp basin is roughly ovate in outline end is elongated in
a south-east di rection, The upper Sundays River ssguence has hsen
shown to thin in a seaward direction. This is alen borne out by tha
onlap ontn horizon € of a reflecior horizon which was traced by Mr.
Wood in consuitation with the writsr frem the D-A/1, E—Bfl and E=1

boreheclies, where it occurs at the top of the &h-3 shala. This onlap

Tade

& vroughly parellel to the isopoch trend. The Bredesdorp basin was

o

hercfore effsctively limited in a seaward (southe-sasterly) direction

(43
-

[ap

y 8 combination of depositionsl thinning and a rising floor during

upper B8undays Rivasr times.

The Infanta arch was covered by a relatively thin veneer of uppar Sun-—
days fiver sudiments becauss of positive relisf that was inherited from

the underlying structura.

The Fletmos depcbasin was Jrregular in outlins. Depocentres wers lo—
cated on the imiediate downthrow side of the Supericr fault and on ths
downthrow sida oF the Plettenbsry fault, In both depocentres the se-
diments thicken towards the feults which must have bsen synsedimentary
A thivd dgporesatre is present betwsen the Qupericr fault and the Infan-
ta arch, Trese depocentres coincide with those of the pre—Sundaya
River semienca ard are therefore a reflection of deaeper seated struc—
ture, The Superior tault was clearly active during upper Sundays
Hiver times; the thinning of the scquence in the south-sasterly seo-
tor of tha Fleorcs bazin has already bheen shoyn 2 he due to dsposi-
tional thdnning, this was prubably sccoentuated by the rising aroca on
the upchrow oins of the Superior feult and by limited esivsicn at the

base of the Alphard Formation,

The cirenticn /120,..
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Trg directlon oi progradaticn of seismic reflectors indicates thet the
principls scurces fur upper Sundays River ssediments in both tha Bradas—
turp and Pleircs basins wara near thair north-westerly extremities.

A additionsl point of influx of detritus in the Pleimos basin may bave

bawi to the north-sast of G(b)-Gemsbok/1.

in surmary it cen be said that the uppsr Sunduys Fiver sequences was de-—
poni Lad by deltes 1 celstively corifined, ovata, epolrogenic depressions,
witch had restri:ztzd access to ths open ocean. Low—eneray conolitions
are tharefore thought to hava prevailed in the depocentres during the
upper SGundavs Rlver times; auxinic conditions may have existed locally

3 result of the restricted nature of tha basin. The principal scur-

=

B

3 of deivitus were rivars which entered the basins from tha northewest
urel north, Thess rivers may have besen the pri-mordial Braede end Gouritz
Fivars; tho latter may conceivably have dischargsd inte the Pletmos basin
ul this tima,

TO0S

Tns uppar Sundays Biver seguence is thought to bes sbsent in the Ge

bosin sinze from the St. Francis mrch eastwards, the unconformities on

suiaric hurizons A and C coalssce. This is confirmed by the hiatus in-

r+

Lz vening hetween sediments of Campanian and Barremian cge on
unsonformity in the H{b)-Hartebeest/l borshols.

the mejdor

ALPHARD SEQUENCE

Ths Alphard seglence comprisses fossilliferous, glauconitic giuen=—giruy
shalas «nd subnprdinate sandstones, It is an obvious marins szogunnte
e, Tha lowsr boundary of the ssguence lias nlos
tx ssismic reflector horizon A; the saquence is transgressive sngd dise
conformabla 1o wiconformables in respsct of all underlying units The
vzt ldmit of the ssquence is tasken at tha unconformity or dizconformi-~
by st the bazz of the Alexandria Formation [ arfiary,. Barring & pod-

during the Coniacian-Turonian, the scgurence iz coi--

posad of a corformablo wetdgs of sedimenis which thickens in a seaward

TR i
43 v e
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a mocarate seaward dip. It was depositad during ihe late Mssozolin
~d

tocctonic stage, which was demonstrzied to be characterised hy mild,

continusd epsirogenesis and the general absence of faulting,

The Alphard succession is otherwise characterised by the absence of a
basal sandstone unit much as would be expectsd if a shoreline trans-
gressad over thae shallow marine end deltaic sediments of the Sundays
Miver seqguoncaes, A situation whers the rate of subsidence of ths basin
axceedsd the supply of detritus (Sloss, 1962) ard a repid Upper Creta-
ceous transgression - as is indicated by the censistent Cenomanian aga
of basal sediments over a widesprsad arsa ~ mey bes called uzcn to ex-
plain the phenomene, A humid climate in a low-lying, non-granitic
provenanue draincd by sluggish streasms can also be inferred. “ha
ubiguity of glaucenitz in the Agulhzs segusncz is teken to indicats tha

existence of a sediment-starved marins basin.

The uppermost part of the Alphard sequsnce, naotably the Masstrichtian

end Cempandun intervals, have bssn chown to be relatively poar in plank-
tonic foraminifera. The reason for this is not obvious from considere-~
Hone bassd on U thologic or seismic retlection characters, It may bs
hat the upssrmost Lnwesr Cretacecrus was a time of regiession, which was

tarminated by a transgression during the Lower Tertlary (Dingle, 1371 b).

shown in figure 18, the Aguihas seguence close inshore cgonsists of a
nurber of reflectors which diverge seawards: farther seaward prograde—
tion persists from tha lsval of marker horizon 17 (tDp ov Cenomanian) to
8 level whizh corresponds to the lete Campanien. These reflectors
clearly ?naizate the progressive upbuilding of the continental shel” and
the rutbuilding of the continental elops (Dingls, 1974).  The inflectiuw
point oY the proorading s2ts of reflectors was traced at varicus levels

in the wvorbloel samvenca zngd laterally.s The results, sinwn in figure

24, indicats tha pesiticvn of the shelf break et variocus tinaes during the
Uppar Crotocoous. Trg shalf bresk advanced rapidly in A ssawerd direc—
ticn 4n Lne wes while 1t ranzined practically stationary elsgehora,

The rzasun for tids msy bz Lhau the HBreade and Gouritz Rivers, prasently
Tws of trom whe sauth coast, have kesn docharging de-

T

. ,
trd tus ot

» ot" the Agulhas 2=nk sincs the lbrer Crata-
veous; during Lhis tiwo tha rest or the ares received comperatively

R
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1it5le satimunt,

—t

t1= absgnce in baoreholes of a sadimentary faclies in the Agulhas sesquonca
which cen ba atiributed to near—shore or continental environments point

to the Tcllowing:

1, that thes shoreline during the Uppesr Cretacsous was close to, if

not landward of the present shoreiine; and

2. that any evidence of tha existencs of such a shoreline 1s liksly
to have been destroyed by erosion ocn any one of ths overlying

urnconformities,

SEDIMENTATICN RATES
The writer used ths chronostratigraphic data in Tables VII a:d VITI Tor
a stutly of sedim=nt accurulalipon rates. The results are purtreyzc in
figure 25 in respsct of four boreholes (D-A/1, F=1, H(b) Hartsbeast/1
and G{a)-B/1) which are considered to be represantativs for the purpose
cf this study. Absolute ages were assigned to stage boundaries in
accordance with ths views sxpressed by Berggran (1972) for tne Tertiary,
van Hinte (1972) for the Cretaceous and von Eysinga (1971) for the Juras-
sic. Ccmpensations which would cancel the effects of compaciicn and un-
conformities on szdimant thicknesses wers not applied since thase factors
are subjective under the circumstances. The following s a discussion
of sediment accumulation rates in respect of the four established gene—

tir sequences of strata which comprise the Mesozoic succession on ths

In the sbsenoe of unambiguous Jurassic feuna tha followlng two assunip-

Il e p b3 ALy mmomy — e . — . e e e I A T ] Al LA 5 oia. PSR R | . i I SR

vions wars made Tor the purposa of this study;  Uha pre=-Sundavs River
. ) ~ : ] '

cepuency is yourter than the Suurberg Groun (122 m,y. ) and nldar than

* . 3 : S S 4= 3 -4 P U T S P,
seirnic hordzen o (Valonginian, ciroa 130 . ). it was showin trat the

e}
pre-Cundays Blesr soquence (rncn, Kirkvood, Lo:fania, Cnlchester and

005 Formaticre) wwia g She hulk of the dnterval dosignated Lower

v e e Ve et
e (',sx:'/ﬂr wUllrassoins
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The average net sediment sccumulation rates (thicknass of ths Lower

Cratacsous and/or Jurassic sadiments divided by a
K 4 EVATR - : 2

renges betweon 85 m/m.y (in B5(b)-Gemshok/1l and ©{a)-3/1) and 10 m/m,.y.

(in B{s)-C/1). It is clear from the izopach map of the inlerval be-—

time span of 32 n,y.)

twzen seismic horizons C and D (fig. 22) ahd from considerations of
the clastlz wedge mocdal of sedimentation (fig. 21) that the computed
ratogs of sedimentation for th: pre-Surdays River secuence will ho at
a maximuw adjacent to ths bounding fault and at a minimum in the dis-
tal p=rt of the wedge and over paleotepographic highs, In the
deegper parts of the rifted basins ths sediment eccumulaticii rates may
therafore have been considerahly higher than the recorded meedmum of
85 m/m.y. Indead, if allowances were to be made for compaction and

fia pre-oundzys River seguence is no older than wppermost Jurassic,

-

5 m/n.y. may prova to be a conservative sstimate of tha avarage verti-

[ 2 » B
0

al s«diment sccuswulation rate, This corclusion confirms tho view

axpruszzd by Dingle (T975] that the eariy Masozoic was chaeractsrised

'Il

in tha stedy wrea by relatively fest sedimentation rates in respons

to rifling which preceeded continental szparation,

The grey shales and siltstonss of thu Infanta and Colchestsr Foiwations
have bzen shown to contain fresh water ocstracoda, lignitic matorial and
waring nacrofauna, In the absence of Taunn and lithpFfacies which indi-
cate sodirentation in water depths comparable to the isopachs of the
intervzl between horizons C end D, 1t is concluded that sedimenitation
penerally kept pace with subsidence of the depocentres. The relations-
ship botween, amongst cthers, subsidencs and sedimentation was wipressed
by Gicss (1952) as follows:

S = f (QAR,0.4) where
S = 8hope or sxtemal geometry of a body of sudimentary
roclks
Q = quantity of materdiel supplied tn ths depceitional
site
i = receptor value (the aveilshle volume aelcw base
leval creuted per unit time by subsigencez)
n = dl.parogl (rgmmvel nf materiel fron the depoeitional
gits)
Ry
M = texturn end covposition st the matsriel,

The cpriication of this rslstiorship ts iha pre-Sunooys fHvor ssoushice

ontoilsfloh.,,
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entails visualizing the wedge-shaped sxtermal goometry (8) ot ths wunit

a5 a function of the gquantity of meteorial fﬂ) supnlisd to ths deppsi-
tinnal site and subsidence of the depocentre (R); dispersal (D) eould
not have been an important factor when one considers the confinsd and
isvlated naturs of the depocentres while the nature of the mataerdiszi
(#) can be regarded &s constant in view of the comparatively homoge-

nous provenance dominated by Paleozoic sediments.

Iri terms of thes relatively fast ssdimentation rats curing pre-~Sundays
River times, both Q@ and B must have bgen relatively large and lairger
near the bounding fault than towards the distal end of tha clastic
wedge. Whensver R exceedsd R, a regressive tcngue (e.g. Bhon Conglo-
merate interbedded with the Kirkwood) would have protruded towards the
distai end of the wedge; ths converse is trus when R exceeded G when
a tongue of rrgillaceous clastics would have been interbeddad with coar-
sar clastics (Q.g. tonguas of the Colchasster or Infanta Formations in
the Kirkwood Formation). As shown by Sloss (1933) thers is generally
an intimate relationship bstween trensgressions {R¢ Q) and regressions
(@>R) and sedimentaticn ratss, e.g. the rate of sedimentation during

transgressions is slowsr than during regressions.

The overall vertical lithofacies relationships of the pre-Bundays River

sgquencs is such that a progrzssive upward fining is observed (s.g.

). This relationship may be construed to signify
progreeslyg declins of tectonism and consequently of tha receptor valus

(R) and the quantity of detritus supplied (@) to the depocentres.

Upper Sundays River seguenra

This Albian or Bzrremian to Valanginian unit was demonistrated toc be an

upward coarvsening, daileic and shallow morine saguense, It was also

6]

showt ([ 7i05. 19,20) this sequence thins in a south-sesterly direction in

both tra Bredessdorp snd Plefmos basing; 1t ic to be evnected that the

victicn rates should refliasnt this nipguruation, In
=R/l [Fig. 23), where hoth the 583-3 and BR-4 Members

wdimenintion rate is about 2C w/m.y; 3n F-1 this

mum f127,..
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The maximum recorded rate of ssdimentation for tha uppar Gundays Piver
ssquence (30 m/m.y.) is considerably lowsr than for the undariying pre-
end lower Sundays River sequencas (> 85 mfm.y.). This conclusion con-
firms the views expressed by Dingls (1975]. Tha factors Q@ and R re-
farraed to previously therefore decreased at higher stratigraphtic levels
mast probably as a result of gensral lack of synsedimentary feuwlts and
raduced terrigeneous input (Dingle, 1975). Since the vpper Sundsavs
Aiver saquznce is a regressive unit, G exceaded R throughout the liata

lLowsr Cretacsous.

Alphard szquence

This unit is Uppser Cretaceous in &ge and is present as @ seeward-
thickening wsdgs. Hiatusses of significant propertions hsve not besn
detected within the unit, As is true of the thickness cf the unit
(Table VIII] the average nat sediment accumulation rate can 9s grouped
in order of the distance of the borsholes from the cosstliine in tie

Tfollowing manner:

0 - 15 m/my. : E=1, F-B/1

15 — 30 m/m.y. : 6(a)-B/1, H{t) Hartehasst/1

30 as mfm.y. = B(a)-A/1, G(e)-A/2, G(c)-A/3, G(a)-3/1,
G(b )~Bamsiok /i, F-D/1, G[b)-Springbuk/1

45 m/m.y. and over: F-g/1, F=1. ‘

Tha net sedirentation in the H(b)-Hartebeest/l well is zovo in the inter-
val betwszer the Campanian and Lower Gretaceous (fig. 25) as & re<ult of
tha hiatus on thg angular unconforiity towards the base of the Alnhard
Formation, The comparatively Tasler rate of sedimentstion in thae BL

well during thz Maeslrichtiarn serves tha confira that & dspocentrs was

located clrss to the shelf bresk at this time (fig. 24).

Dingln (1575] shrwa that ths mein depocentre micrated in a ssaward di-
rection during the latz Cretacsous in tha study area; ha attribulzd the
relatively riow ryerall sedimentation rate to, amongst others, low terri-~
geneobe inpun which is indicated by ormnipresent gleuoccnile in the Alphard

Favration, Thic low terrigensous input meay have hwen caused hy a cone

hinetion /i24...
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bhination of the faclors listed hereundar:

1. mild epeirogsnesis (suhsidnnca) of the continental marging

2. choking of river mouths during an Upper Crelacanus transgression
which Rona (1973), Flemming and Roberts (1973) and others con-
sider to be worldwide:

3. low relief of the provenance during the final stages of ths post—
Bondwana erosicn cycle (King, 1951);

4q, a possible change to warmer climate,

The homogenous neture of the Alphard Formation and the laeck cf signi-
ficant higtusses wilhin the sequence on thae Agulhas Bank precludes a
detailed analysis of ths litholeogic responses toc varyirg sedimentalbion
ratas during the Upper Cretaceous. It is concludsd that terrigensous
input had renained relatively constant and low, ithat subsidence of the
continental shslf had been continuous and slow and that doposition had
taken place below tha profile of equilibrium (van Frgeln end Zastar,
1952). As shown by Lewis (1974) the shore tendad to lis cn a seaward
tilting surface near to ths line of no vertical movement (zern ischese);
in the study ares this line was close to ths present shoreline duving

the Upper Cretaceous.

Viewed as a wholg, sedimentation rates in the Agulbas Bank ares decraased
exponentially with timz at each point in a fashicn demonstrated glsewhere
by Sleep (1971, 1973) and on Atlantic-typs margins (including the Agulh:s
Bank ) by Dingle [1975).

APPLICATION /129...
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AFFLIOATION CF THE PLATE TEOTONTOS THEORY

GENERAL STATEMENT

Tha hypotheslie of oceocn floor spreading as hnstulatad by Distz (1561)
and Hess (1952) is synonymous with tha theory of lithosphsrs plata
tectonics or new global tectonics (Mo Kenzie and Parker, 1567; le
Picton, 1968; Morgar, 1958: Isaachs et al, 1568; Dewsy and Bivd,
1970) and continental drift [Wagensr, 1912; du Toit, 1937; Holmas,
1931, and Dthers). Plate tectonics, theory also includes ths concept
of trensform faulting (Wilson, 1585). Evidence in support of the
plats tsctonics theory is provided by Sykes [1957), Heirtzier et al
(1988), Pitismwn and Hayes (1968) and others, while Meyerhoff and

Moyerhoff (1974) are foremost amongst opponents of the hypothesis,

Tiwe oredibility of the plats tectonics theory hes bsen enhanced in re—
cent years by the recognition of linear, bilatevaily symmatrical mcg--
netic anomaly pattems ("stripes"), which link mid-oceanic ridgss {Vine
and Matthews, 1963), and their dating by drilling in deep ocean basins
(JOIDES Dzep Sea Drilling Preject). The rapid evolution of the plate
tactonics theory during the past 15 years has rssulted in a waluminous

1i taraturea.

The concept of plate tectonics implies that the earth's outer surTuce
(1ithesphere) is composed of a minimum of six rigid plates (le Pichon,
1968), which aras in constant motion relative to one another (Isaachs ot
al, 1968). Tha margins of the pressnt plates are well-known earth.juake
halts (Sykes, 1%7) and can ba classified accurding to the mutual intsr—

action of plates as follows (Dewey and Bird, 1970).

1. Accreting {sp_eading, divargent) margins mark lorii where
plates arz generated in tha axiasl rivt valley of coeanic
ridges anui by tha creation of nsw ocaanic crust through
wulcani o, Examplas of this type of margin,; often qunted,

B P
BY'S LiME U

Sza (Juvenile state) and tha boundary betwssn

Afvioen and Bouth Amevican plates at the mid-2Atlantic

Consuming fiﬁﬁ.p.
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2, Consuming (colliding, convergent) margins are of differant
tvpes depending on the nature of the plates involwvad. Arc-—
trench systems develop whers two oceanic plates coullids (e.g.
Tonga trench); subduction of the oceanic plais takss place
when it collides with a continental plate (i.s. slong the
west coast of the Amaricaa), and a folded mountain rangs re-
sults from the collision of two continentel plates (e.g. the

Himalayas betwesn the African and Asian platss).

3. Active transform ("slide by") sheared margins. Although trans—
form faults generclly cccur within plates and at richt angles to
accreting plates margins, they may constitute the houndary Le-

tween plates (e.g. betwsen the African and Antarctic plataes).

REGIONAL PLATE TECTONTC GETTING OF THE AGULHAS BANK

The area studied is located landward of the Agulhas fracture zong, with
wvhich is associatsd & frocture ridge (Scrutton and du Plessis, 1972 end
a linear, positive magnetic anomaly (Simpson, 1368). It is located
alnony the 5803 small circle centred on an early opening pole at 21,50N;
14,@“5 (Scrutton and du Plessis, 1973; Franchetau and le Pichon, 1972),
au accounts ‘or the shesraed, stiraight, narrow continental margin alﬁng
the Snuth African east coast (Simpson and Dingle, 1973; Dingls, 1973).
The fracture zone strikes roughly N SDOE, truncatss tha Agulhzs arch
(SCﬂJttEn and du Plessis, 1973, fig. 3) and thae early Mssozoic basins
and arches between Cape Agulhas and Durban (Dingls and Scrutton, 1974,
fige 3); it is equated with tha Falklend fracture zone (1ls Pichon and
Hayez, 1971; Emery et ai, 1974; Dingle and Scrutton, 1974) and has
played a significant part in the bresk-up of west Bondwana (South Ame-

.

rice and Africa).

In a resumé& of thz development of pust--Palsozoic sedimentary basins
around southem Africa Dingle and Scrutton (1974) show that the broak—

up of southern Afica took place in two phases:

(1) the sepurntion belween east and west Bondwana sometime

Lt

botween /101, ..
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between 200 and 160 m,y. B.P., (Dietz and Holden, 197C;
Scrutton, 1973(b) which followed shortly on the sxtrusion
of basaltic Stormberg lavas to produce a downwarped mer-
gin paraliel to the Lebomho monocline, Until such time
as the existencs of oceanic crust is proved in the Natal
Valley (west of the Mocambiqua Ridge) the line of sepa-

ration beitween west and esast Gondwanaland should be takzn

to be along tha sastern flank of the Mocambigus Ridgs.

(11) the fragmentation of west Gondwana (South America and

Africa) during the late Jurassic — early Cretacenus.

During this time the Falkland Plateau

bruke away from

the Mocambique Ridge psrhaps by exploiting the souther—

ly continuation of the Lebombo line as e zone of crustal
weeknass (Dingle end Scrutton, 1974, p. 1470). The Ls-

bombo monoclina involves continental crust and may be

considered to be failed arm of a triple junction whosae

remaining companents are thas Agulhas ¥

racture zone and

the 1line of separation between the Mocambique Ridge and

the Falkland plate.

EVOLUTION OF THE AGULHAS BANK

The following discussion of the geologic history of tha Agulhas Benk is

based largsly on tha recognition of saveral litho-tectonic units in tha

Mesozoic seouence.

Rifting Stags (pre-Valanginian)

Tha lust major orogenic event to affect soutnem

Africa prior to the bresk-

up of Bondwaialand was the second and major phase of the Cape arcgeny

(235 - 200 m.y. B.P.). It has been shown thal tha Mesozoic rif: faulting

parallels tha tectunic grain of the Caepe fold bslt in the central and eas—

term parts of the arsa studied. Howaver, it is
8 genatic reiatimnship exists since the Gondwana
intervenes pstwsza ths Sope orogeny and Mesozoio

Hennet, 1974); +his dosnFeulted erosion surface

extremaly unlikaly that
erosior cycle (King, 1951)
rifting (de Swardt and

can hz aguated with a

-

R Le

"rft-gnaeat 100, ...
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“rift-onset uncurformity", (Felvey, 1974). A tectonic event, reflec—
ted by upwarping of the rim of ths African ccntinent [de Swardt and
Bernet, 1974), mey have been penecontemporaneous with the rifting of

Gondwanaland,

The onsat of the fragmentation of west Gondwanaland hes heen dated
from magnetic evidence as 125 - 130 m.y. B.P. (Larson and Ladd, 1973).
Thae 162 m,y. age of the Suurbsryg Group (Winter, 1972), and its strati-
sraphic position oelow the Enon Formation [Hill, 1972), may indicate
that rifting detes back to ths end of the Middle Jurassic or at 1lsast
to the bLats Jurassic as propossd by King [1951, P 245) and by Maud

(1831

3

In this context the Upper Jurassic dating af the Brenton

LI
.

beds (Gingle and Kinger, 1972) is often guoted as significant in
termz of tho timing of the break-up of Gondwanaland [Dingle and
Klingawc, 1971), aithough McLachlan et al (in prep,) indicates that un—
ambiguous Jurassic faunas have not yst been identifiad in borsholes on

the Agulhas Bank,

It'is my opinion that the early Mesozoic rifting tooik place ezrlier than
ther Velangindan [befora ebout 130 m.y. B.P.] and that it may haves lisan
iniiiated towards the end of the Middle Jurassic (circa 160 m.y. BE.P. ),
i.B8.; after the cutpouring of the Drakensherg Basalt (ca. 18C-170 m.y.
BeP. ). The (3ifting is seen as tha response to divergent, right late—
ral atrzsses which wers ullimetely responsible for ths Agulhas marginal
fracture zone daveloping inte a trough—-going fault, The ceaessation of
significent rifting during rhe Valanginian at ebout the levsl of the

pismic wrizon G unconformity 1s taken to signify tha culmination of

4]

thae early phase ¥ wrench-—zona tectonics.

A paleogenlugic rzoconstruction of the Agulhas Bank and surrounding arsas
during tha late .urassic -~ garly Cretaceous (fig. 26] prior to the devel-
gpment of the through-golng Agulhas fracture zone snows the arcuste nature
ui the toctinic grain and the existencs of a number of block-fauited ba-=
sinz which conceivably may have daveloped alco on the aedjoining Falklend
plateau {iswlon, 19?5}, fn its marly hisilc:iv, therefo:e, th= rifted

s N ~ N - Y
basins were Lntracuntinental features (Dingle and Scrutton, 1575).
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EXPLANATION

: Patroleum exploration borehole.

‘Area exposed above sea level.

X(, —— :ouov :Enon conglomerate.

HTSE A e A
J:”“(‘ ;///// :Kirkwood red beds.

- :Infantg 8 Colchester grey shales.

=Py :Sediment dispersal direction.

EXPLANATION

:Lebombo monociine.

=mr—  :Structural grain.
m=mals- .Plate motion.
. :Deep Sea Dritling Project well site

Submarine Contour in feet (1sobath}.

—_— eooo‘} SOUTH AMERICA
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FIG. 26 : PALEO-GEOLOGIC RECONSTRUCTION OF THE AGULHAS BANK AND SUR -
ROUNDING AREAS DURING THE LATE JURASSIC - EARLY CRETACEQUS
(PRE - VALANGINIAN, CIRCA 130 m.y. B.P. ).
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Tephiogenic sedimantaiion has heen shown to characterise tha early Keso-

2uic rifting staga. Tha Pletmos, Gamtoos end Algoa basins, and slsu
perhaps the Braedesdorp hasin, were yoked to cemplementary uplifts {erches)
by way of normal faults. The coarsast clastics [e.g, Enon cgnglomarate}
ara thought to have accumulated near to the fault-bounded margins of thesa
gsymmetric half-graben (fig. 26). Alluvial sadiments (e.g. Kirkwod
Formation) and estuarine-lacustrine grey shales (Infenta and Colchester
Formations) which contain a limited marins fauna, replace the Enon vel—
tically and laterelly. The elevated Agulhas, Infanta, 8t. Francis arsnd
Hecife arches received little or no sediments, and for all practical pur-
posas separated tha Bredasdorp, Pletmos, Gamtoos end Algoa basins; thase
arches may have baen elevated above sea level as is indicetsd by the red
shales of the Kirkwecod Formation intersected in horeholes on the Infoanta
arch. Tha Dudtshoom, lossel Bay, Rivarsdale and other onshore Masozoic

basins may be the remnants [roots) of originally ruch larger Lasins.

The directicns of sediment influx into the rifted besins wesre conlrolled

largely by, and were at right angles to marginal faults; significent en-
try points may alsc have existed towards the northwesterly extremities of
the basins. The rate of sedimentation was shown to have been relntively
fast (> 85 m/m.y.) throughout the deposition of the pre~ end lower Sundays

River seguences,

A pre~rift intracratonlc basin, which is common although not a necossary
element of continental margin deveslopment (Falvey, 1274) has not kaen
roecognised orn he Agulhas Baznk, It is possible, however, that the Folbe
berg Fecrriation (Rigessi and Dixon, 19700) and ths lowsrmost perts of the
pre-Sundays River seguence may prove tc belong to a pre-rift cycle of

sedimantation,

The presance of imarine fauna in the Colchaster and Infanta Formatlions
does not nccessarily signify access to the world ocean at the cnszc of
separation hetween the Afrinan and Falkland plateau,. In contrest marine
faurn in tha lower Sundoye Riwver sequence, which was depositad towards
ths end of tha rifiding shage, may record marinz incursicns onto the Ayul~

has Bark cb the tismae ot tha bresk betwsen east and west Gendwana {Dingla

end Scrutton, 1&00, p. 1409).

Drifting /:i35,..



Drifting Stags (Velehginian - Upper Cretaceous)

Active rifting on tha Agulhas Bank all but ceased at the timg of the de-
velopment of the unconformity on seismic horizon G [Valanginian, circa
125 - 130 m.y. 8.P.). Reesctivation of a limited nrumber of syn-—sedimen-
tary faults occurred subssguerntly; this was demonstrated earlizr in
respact of the Plettenberg and Port Elizabeth faults at the margins of
basins and by the Superior fault, It is concludsd that seismic horizon
G effectively marics ths tims of breakthrough of the Agulhes marginagl
fracture to the surface and to the onset of ssparation hetween tha Afri-
can and the Falklznd plates; the Agulhas Bank therefpre bscams tlha pas—
sive trailing edge ol the African plate sometime during the Valanginian.
Permanent marine conditions had also becums sstablished on the Agulhas
Bank at this time as is the case in ths cnshors Algoa basir (Spath,
1930; winter, 1972) and on the Falkland Plateau (Dingla, 1973{c]).

The upper Sundays River ssquence (Valanginien — Albian) was deposited on
the Agulhas Bank during the period intervening bsiween the rifting stzge
ond the deposition of the transgressive, marins, Upper Cretaceous Alphard
sequence. The upper Sundays River sequence was shown to b2 bounded
approximately by unconformities close to seismic horizons A (top) end G
(base); it is made up of an upward-coarsening, regressiva, deltaic and
shallow marine unit which prograded into ti. Breuasdorp and Pletmns be-
sing in a scuth-easterly dirsction (f—‘ig. 2’7). The upper Sunday=s River
seguence is synchronous with the late Albian regression referrad o by
Dingle and Scruticn (19785, p. 1471), which affected the whole southem
African coastiine, Thzse wchove basirs were roughly ovate in outline;
isopschs of the sscuance (fig., 23) suggest that ths Bredasdorp basin

may have closed in & ssaward direction., Thin inter—dsltaic sediments
were heing dgposited uver tha Infanta erch. Tha Pletuos hasin may have
had access tn a shallow opeiric ssa which exisied at this time, while it
is nol knoen whethsy the unpar Sundays River ssyuence was ever depnsitsd

in the Gamtooce hosin.

Tha tendsnoy for basine tn he limited in 2 seawzrd directicon may ke con-

.
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yidoe gould haves inhibited cverspill into the adjcining, newly-crested
ocean basin, since a minimal thickness of Lower Cretaceous sadiments

is reported from Joides D.S.D.P. drillsite 361 (MclLuchlan, pers comm),

Hitherto the earliest known stratigraphical discontinuity within ths
Mesozoic was tha "mid Cretaceous” unconformity refarrsd to by Haugiton
(1969) Kennedy and Klingsr (1971) and Dingle (1973 {c) }. The Valan-
ginian unconforsity on the Agulhas Bank pre-dates this discontinuity,
is considered to mark the onsat of separation bstween the Falkland and
African plates, and may be coincident with uplift of the hiriterland

end the initiation of the post-Gondwana cycle of erosion (Dirgle =and
Scrutton, 1575, fig. 5). The upper Sundays Hiver saguencs was daposi-
ted towards tie end of a relatively slow drifting period of 1,6 cm/iyr
for the period 127 — 110 m.y. B.P. {Larson and Lafd, 1973). This slow
spreading preneeded a relativsly fast opening rate of 4,5 cm/yr during
the interval 110-85 m.y. B.P. (Larson and Ladd, 1973).

The upper Sundays River ssguence on the Agulhas Bank corresponds to the
restricted marine lithofecies postulated by Dingle (1975), to the proto~
oceenic sedimentary cycle (Lange, 1973), the transitional sedimentary en—
vironments (Reymant and Tait, 1977) and the post hreak-up stags (Falvay,
1974) in reference to Atlantic continental margins, It is within this
sadimantary~tectonic cycle that major svaporitic ssguences were generally
depnsited in thoss African - Scuth American cosstel Mesoznic bhesins which
lis north ot the Walvis- Rio Grande lineaments, The absence nf similar
1ithologies on the Agulhas Bank may bz dus to a varisty of reasons, such
23 inadequate sillirg of the basin, an oversupply wuf clastic materiel,

and unfavoursble climatic conditions.

Curing the Upper Cretacenus, when the Alphard szguence was depssited on
ths Agulhas Bank, there was continued subsideiics of the Agulhas Hank wno
subrergence of the Falidland Plateau (Dingle, 1575) which ensurcd uninter-
rupted access Lo the world ocean after the worlid--wide Cenomanian trans—
gression [Floming and Roberts, 1573). The Agulhas marginal fracture
ridoe inhibited catratel sediment dispersal into ths adijcining Agulihas

” JE
SRR NSELn.,
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Sedimentation rategs during ths Upper Cretesecus were comgsratively slow
(85 m/m.y. ) and reflects on the progressive ocaanward shift of tha madn
depocentra with time, the low datrital input and possibly low relief on
land, Subsidence of the contlnantal margin continued in responsa to
progressive couling of the lithospharse and the adjoining cceanic bhasg-
rment and during a relativaly fast episcde of spreading {Larson ard Ladd,
1973). The spreading centra which had been situatsd sbout ths Agulhas
Platgau may have becoma extinct at this time and caonceivebly shifted to

a position on ths mid-Atlantic ridgse (Scruttnn and du Flessis,; 1973).

The Upper Cretaceous histpory of the study area was terminated by ero~
sion during a regression vhich started in the Maestrichtian and pro-—
duced ths unconformity towards the base of the Alexandria Formation.

This unconformity has bsen equated with the initiation of tha African
denudational cycle and uplift of the sputh:rn Afiican coastal regicns
(iing, 1951).

CONCLUSLONS  /13%...
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CONCLUGIONS

Thae Mesczoic history of ths Agulias Bank was precedsd by intense, ar-
cuats, northerly directed Tolding during the Triassic of metamorphosed
Palzozoic Karoo and Cape Supergroup scdiments and possibly of oclder un-
darlying rocks and by the development of a comparatively smooth denuda-—

tionel surface on Gondwanaland,

Normal block faulting domirated ths early Mesoroic tactonic phase on
the Agulhas Bank, Thase rift faults developed in response to right-
lateral stresszes along the embryonic Agulhas marginal fracture zone,
The right-~latsral stcitude of strasses is reflected in a left-~hand,
en=echelon arrangement of some faults and by tha progrsssive clockwise
rotation of fault blocks from a roughly eest-west orientation close in-
shora to a nni*th=south one near the marginal Tracture zone. The sarly
Mesozoic tectonic grain is parallsl to the trend of the Caps fold bslt
in the central and eastem narts of the Agulhas Bznk and almost at
right angles toc it in the westem part, A structural map «f seismic
raflector horizon D (acoustlc basement and base of the Mesozocic sedi--
ments ) ravesls ths presence of the following basins and intervening

archas (from west Lo east):

Agulhas arch
Oraedasdorp hasin
Infanta arch
Pletiuos basin
St. Francis arch
Bamtoos basin
Recifa arch

Algoa hasin

The bazing are gll desper thwi 2000 m helow presa2at sea leval; the
nalv~grabens in the Plastmos basin to tha north of thg Superior fault
and to the souir of tha Plettenbsrg fault, and thoss of the Gamtcos

i

and Algue baszins mnay be more than 5 km deep.

The kzsins /140...
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he basins contain the syntectonic pre-~ and lower Sundays Rivor se—
guunces (lowermust Cretaceous and lbper Jurassic or older); thesa
arg truncated locazily by an uncenformity on seizsmic reflactor borlzon
C. A unconformity alspo intervenes betwaen tha transgressive Sundays
River (Vblanginiw1) Formation and underlyind units and i= considared

to corresoond approximately tu the Jurassic-Cretacecus boundary. In
tha pre-Sundays River sequsnce the Enon Conglomaratse Formation gives
way vertically and laterelly to the Swartkops Sanostone Formation, tha
Kirkwnod Formatior (red mudstones) and the Infanta Formatiorn (grey silt-
atone). The Colchester Formation interfingers with both the Kirkwood
end Infanta Formations. A clastic (arkose) wedge model of basin
filling ic envisaged for thea pre-Sundays River seguence. In terms of
this model the coarser and thicker detritus escumulated close to the
bounding fault, subsidence of the depocentrs was induced by intermittent
feulting, and an intimate balonce was generally maintained betwaen sub-—
sidence and sedimantation, so that depositional environments ware domina-
ted by terrestrial influences. The sparse marina microfauna from tha
gray shales of thz Infanta ard Jolchasler Formatisns sarz indicative of
lacustrine end ssituaring conditions which ars thought to have prevailed
in the distal parts of the ciastlc wedges. Although variable, tha net
ratg of szdiment acoumslsition during pre-Sundays River times was compa—
ratively fest ( 85 mfm.y.).

The Sundays River Formation (Lower Uretacecus, vValanginien te ,’-\C‘»_bian} is
made up of shallow murine end deltaic sediments within which four Members
(SR-1, SR-2, SR-3, 83—4) ara recogniscd, In the {yps ars a major intre-
formational unconformity on seismic reflector horizon C occurs towasds
the base of the §8-3 Nember; it cuts across progressively older under—
iyving units to rest pn basement on the Agulhas, Infanta, St. Francis and
BecifFz, arches and effectively marks the end of the sarly Mesozolic rifting
stege on the Agulihes Bark; it conceivably may mark the initiztion of

the pust-Gondvwea denudational cycle., The sstablisnaent of permensnt
marine conditions during lowsr Sundays Rivar [Valmnginian] times is

thought to have cuincided with thaz commencemeni: of separatizrn botwzen

mey have besr controlled in part by ths separaidcon betwssn sast end west

Condwana,

The upper /14l,..
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The uppsr Sundays River sequence consists of an upward cecarsening cycls
(SP-3 marine shale to SR~4 lignitic sandstene ), which was deposited as

a prograding, regrasssive, deltaic unit, which orilgps the unceonformfy

on selsmic horizon C in a south~easterly direcidion. Two main depccan-—
tres were prasent on the Agulhas Bank during upper Sundays River times;
these were roughly ovatz in outline, coincide with the underlying fOrs-
dasdorp and Pletmos basins and tend to be closed in a seaward directien,
probably as & result of the emplacement of tha Agulhas marginal fracturs
ridges near the edgz of the newly created narrow oceen hasin between ths

Falkland and African plates.

A transgressive unconiformabls relationship sxists betw=zen the upper Sun-
daye Rivsr ssguencs and the overlying Alphard Formetion (lpper Creteceous)
the base of which is close to seismic rsflector horizon A, Tha configu-
ration of the base of the upper Sundays River unit, that is seismic hori-
zon G, is e subduzd replica of deepssated structure, so that warp axes are
superimposed over the Bredasdorp, Pletmos and Gamtoos basins, while

horizon G is drepad as south—-sast-plunging arches over underlyino harsts,.

The Alphard Formation (Upper Crestaceous) is comprised of soft, glauconi-—
tic—rich marine shales with subordinate sandstonss and thin linestones
forming a corniformzble seaward-thickening wedge of sesdiment. Its uncon-
formable base (near seismic horiznn A) is essentially planar and is rare-
ly displaced by Taults. In the Algoa basin the basal unconformity is ‘
ovarstapped by late-Cretacecus (Campanian) sediments; this undulating,
erosional diachrorous, interface (top layer 3) rests with = o0-30° discor-
dance on the Lowsr Uretaceous Hartebeest formation, which is a possihle

lataral facies equivalent of thz Sundays River Formation.

Szismiv reflectors (time lines) within the Alphard Formation prograzde in
& Sgaward dirsction, consistent with the outbuilding of tha continental
sheif In response to a progressive ocesnweard shift of the main depocentre
at the contdnental margin, The rate of shelf ocuthuilding in the western
part of tha Agulbns Bank was Taster than elsewhers es a rasull of a relae-
Hwvely grewvsr input of detritus by the two major rivers, the primnrdial

Gourdtz and Draedos, The wverall rate of sedimentaticn during the Upper

hY

» - P T I o
Crotacesus was conaratively slow (€ 50 si/m.y. };  logsther wit! the
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ubiguity of glauconite in the Alphard Formatiuvn tids testifles to the
existence of a sediment—starved basin at this time and an cverall ex-
ponential declina in sedimentatizn rates during tha #Hesozoic on the

Agulhas Bank,

The Alphaird Formation was depusited in recponsz to continusd mild epeiro-
genic subsidence of the continental margin, concomitant with corntinued
fast spreading of the African and Falkland plates and a werld-wdds zuste—
tic rise in sea level. The Mcsozolc history of ths Agulhas Barnk was
terminated by deposition of the Tertiary Alexandria Formation during a

regression which commanced in the Maestrichtian.
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