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A85Tn.O,CT --& 
This thesis is cancamad with the Vesozoic geological history of ths 

Agulhas Bank on the continental shelf off the south coast of Sr...:;uth 

Africa. It incorporates tho results of oil oxplLratj on s.ctivi t.L.;;s 

in tile area since 1967: this involved ths drill:i.11g of l? boreho1a:.; 

(43 OOC1m) 8/ld the recording of about 24 000 lins k111 of' saismic reflec­

tion profiles. 

A structural investigation was fdcili tated by regional mappitc:; of two 

key seismic reflectors; these are acoustic basement (horizon D Bt 'Li.a 

base of the ~1esozoic) end a prominent reflector and unt'.cnformable hori­

zon (horizon c), v,:lthin the Lower Cretaceous. An additional two hori­

zons were mapped ovsr part of tho A.gulhas Bank; they a.re horizone, /:., 

(base of tha Up;:..ar Cretacsous) and 11 (within the l.poar Crataceous). 

These reflector horizons were tied to stre.tigraph:i.~ control roL1 ts in 

the boreholes. 

A stratigraphic frernaw:irl was erected and correlations \t;C:1re establisl-;ad 

by means of a study of borehole cuttings samples, con.,s and sidewall core" 

and a variety of wireline: logs. Ths existing- r./o1sozoic li tho-stn:;tigrf'ph:\'.c; 

frarnework was supplemented by defining reference s trr.1. mtypes far the Swart-

kops end Sunday a Ri Vt:1r Fcrmations. Subsu:rf:lce stre.~o-LypE::5 nra defined 

for two new uni ts; they ara ternmd the Inf an ta end i\l;:::r,e.rd Formations. 

A subsurface referenc:r1 strat.otyps for the Alexan~c::i.s Foy-n,ation is prsssn-

tsd. A chronostratigraphi.c fr;.:.T.m\ork and corrslat.i.ons, •ul ich became 

The fiasozrdc geolr:qic history ,:if the Agulhas 8,;1:1k is discussed in refe­

ranca to tho pl:::.~a tectunl.c t! ;_:,r. .. ny. 
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1. 

INTAODU1-;noN 

LOCATION OF STUOY AREA 

The study area is located on the Agulhas Bank, which constitutes the 

continental sh1::l f off the south coast of the Republic of Soutr, Africa 

(fig. 1 ). It straddles lati tuda 35° south betwsen longitudes 20° 
0 

and Z7 east in the Indian Ocean and comprises ~~ area of about 85 000 

km 2 bstwaen the coastline and the 200 m isobath at the shelf break. 

The Agulhas Bank lies to the south of the Cape mountain ranges, which 

extend between Cape To'ftn and Fbrt Alfred 1.md are m11de up for the most 

part of intsmmly folded Ordovician-Lowar Carboni farous sediments of 

the Cape SyGtem, forming an an:::uate belt, convex northwards, in which 

isolated remnant C:·ets.ceous basis are prr,me.vad (du Toit, 1954). 

Farther north the lowsrnoat stratigraphic Lini ts of the. t~per Carboni­

ferous-Jurassic kc1roo sediments fellow ccnfonnal::ly on th~ Ce.pa sedi-

umnts end dip north warcfs regionally. Seaward of the Agulhc1s Bank 

there is a relativ1::l.y vdde cor.tinontal slope~ a poucl:, davclopsd rise 

and the following morµhological features can ba recognis~;d. 

Tha Transkei. B~rnin ; 

Agulhas Pl"iteauj 

Agulhas Basin 1:1nd the 

Cape Rise, with an ~ssociated chain of scamrnJnts 1:ronding nort~ 

east. 

The area described J.il:!s in the r.crso lati tuaes dur:i.ng the sou them 

hemisphl::lre su;;;mar ( Dcci:.:mber to Febn1ary ), when light variable winds 

and low rainfull pn:wail. [)Jring winter ( Juns - At.igust) th€ra is an 

equatorial shift of ths p:-eva:l.ling wsstsrlies so thot the stuJy area 

is influence~ by +.h~::.u *ind.s me by migratory 1",torrr~, which cftan intro-

duce polar marit:\.rr·~ air and um responsible for rainy conditions. The 

climate is mcd:i.fi1:d by tha so1.Jth-weistwerd-·flowtr.g, war"m A9·uJ.hF1S c:urrent. 

Four climatic zor.E:s sari bs recognised in the Ctflstal belt cf ths soutf-,em 

Cape Province; ti1ese are (Knppen cle.ssificr:1tion in bn:,.:;k.sts): 

http:dur:5.ng
http:continent.al
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FIGURE I. Location of the study area (cross-hatched) 

on the Agulhas Bank, South Africa. 



South-western Cape winter rainfall area, with a msdi tsrranaan 

climate (CS) i 
Southern Cape coastal belt, with rain during all seasons (Cf)i 

South-eastern coastal belt, which is a warn tsmparatura region 

with e. summer rainfall maximum (Cfw); and the 

Southam Kama which is mainly desert (BW and BSK). 

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

drainage area, the Breede, G:Jur-i tz, Gamtoos n;1d Sundays Ai\rers. 

With the excsption of the 8raada River they have all breached the Cape 

mountain ranges and rlcain a large part of the interior of the Cape Pro­

vince south of the Great Escarpment. 

SCOPE OF STUDY 

This study is concerned w1 th structural, stratig-raphic and certain sedi­

mentological aspects of ~ha Mesozoic sediments c,n the Agulhas Bank and 

represents an effort to unravel the post-Paleozoic gsological history of 

the area. The information that Wf.d available for synthe:;.;is by thB wr:i.-

tar stems from active oil exploration activities since 1967. !l.Jring 

that year the Southern Oil Exploration Corpe. ration (Sacker) was grented 

prospecting rights over the ,area in terms of the Mining Rinht:s Act (1\:::.:; , 
No. 20 of 1967); it entered into lease agreements with a nuriibar of 

international oil companies I who were obliged to submit tu Soaker all 

uninterpreted data gathered in their co•1cessions. 

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

The underlying Cai:s Supergmup (Pals~zoic) and older rocks are r~garded 

as basement for oil exploration purp:ises by virtue cf their mstamcrphic 

state (Rowsell and de Swardt, 1974 ). Ebreholes wsra gmerally stopped 

a short distanc8 below the base of the Mes~zoic s~dimsnts; this boun­

dary also constitutes acoustic basement on sei:::;rnic :roflactior~ profiles. 

In conformance wi tit good oil-field practice the surf11c1; .:;asing in bore­

holes is generally placed wi. thin -300 m of ths ocean fle,or; this pre­

clu:1es the possibj li ty of gathering ,,.ny data on ~odiment!3 et strati­

graphic levels above about the lowcrn:ust Tin·tiory. 

Tho stru:::tu::-·2.l /4 .•• 



4. 

The structural inforr,;ation was gleaned largely from rolJtina interpre­

tations which ware done by Soaker's geophysicists in close consultation 

r:i th the writer. About 24 221 line km of se:tsmic reflection prof'i.lss 

he.d become available through inte:nni ttent surveys by a number of di ffe­

rt:nt contractors for various concession-holders up to the end of l!:T/4. 

Initially interpretations of these were aimed at mapping acoL!Stic base­

ment and a prominent reflector horizon within the overlying sedimentary 

succession. These tv.o horizons, and all the others mapped subsequently, 

were tied to stratigraphic control points esti'!.hlished by the writer in 

the l? boreholes ( table I and fig. 2) which have been drll16d to date. 

These boreholes provided a stratigraphic framework for the Mesozoic 

~adiments based on the integration of seismic reflection data with the 

following studies. 

(a) Mega- and microscopic studies of washed -8 to +160 mesh ,;iza cut.­

tings samples below the intermediate casing; these samples were 

composi tad over in-:arvals ranging between 10 and 30 m dE.>pe..1ding 

on drilling penetration rates. 

(b) Interpretation of a variety cf w:l.reline logs. These logs ware. 

recorded on a routine basis in the boreholes to fe.cili tate stra­

tigraphic, structural, reservoir and n;servo:i.r-fluid studies; 

they ware all recorded by the Schlumberger C.Ompany on behalf of 

the operating companias. 

(c) Studies of conventionBl and sidew~l coro::; these cores w·ara cut 

intermittently to supplement the studies outlined above. 

( d) Synthesio of selected paleontological results which were obtained 

from a varie;ty of sources, e.g. a PaJ..eolab (Geneva) report for 

the G(fl) A/1 tlore!lola, RobRrtson Research Intern"ltional rEports 

on 13 borehclas i::n::.i internal reports by a,ekor micropaleontologists 

( PJc La.chlan, da l<lasz, Brenner, MacMillan, Pioterss and Scott) on 

all 1? boreholes. 

h 
I ~ • • • 



TABLE 1 

STATISTICAL SUMMAR'(: sonEHOLES ON THE AGULHAS BANK 

PS-

··--- ...... _ ..... -···-----""'· l Drilling 

' ' 
r ,,., 1 

CO-ORDirJATES Kell~~ I T. D. in Metres i I I 

Water 1 Drilling I I Depth ~ud Com- days ~arat•.Jr 
{m) plated to T.D. l 

s E m 
A~ f· Kelly B. S.L. I ; 

1- - - ' . -· I l ! I 

23°43 1 
I 

,•.)-A/1 l "40-:,31 OB, 17" 14,67" 117,30 9,ll 2202 2192,6 27.10.68 11~. 3.69 88 ! SI.Ip s r:t ,., r on t J ...., ... 

a ) •. fJ2 _ _,,o"""}'' 2tl, 90'' 23°t.l5 1 37,50" 115,80 28,D I 3037 :l009,0 13.12.69 2..:i. 2.70 71 j :)Jparlor C!H ~ ..J.... ':.-.. 

I 
. ' 

;~.~
0 33' 23°46' 

I 

1 t}·A/3 47,37" 1?,95" 117,30 25,8 I c.'475 2448,2 17. 3.'70 I 23. 4.'70 
I .., .... 

I 
Sup~rior Qil ._,C) 

n)-3/:::!. 34°23' 02, 75" 23°47' 45,92" 122,50 26,B i 304.3 3621,5 11. 5.70 31. 7.70 92 Superior o:n 
- 'J c::::

1\10. Dl, l't" 22°14' 33, 9'.J" 109,40 28,D 
! 

291'3 2890,2 14. 8. 'i'O 28. s. 70 44 Placid Oil t .... ::::i ,,, 

! A/1 i 2A
0
i3 1 22°11• s.i,09 11 

I 

60,30 26,B 1300 1273, 2 Zl.10.70 16.11.70 21 Goekor/Rand IJtir1:ns 5~\ 89" 
I 3'l

0
09' :::

1::f20 1 
: 

A/1 39~ s·13'1 I 12, J.26" B0,50 25,9 1810 1764,6 24.11. 70 12.12.70 19 &,E:kor /Rund Mine:; l 

a. )-C/1 34(;43' 02, 71 11 2:fo2' 55,92" 115,50 26,B 1689 1662,2 15.10. 70 31.10.70 16 F'laGid/GLJperto:r 
i> )-Gsmsbak/1 ·3,·10....,9, 03" ! ~·_.i;J-/.j I 3511 121, 90 29,4 3968 3930,6 12.11. 70 3. 2.·n 85 I Totr;jl .. ·~ c:... ,:· .l '..I 

I :34°39' 45.175" ~, 01"" 06,1:12" 76,35 32,5 2'79~~ 2758, 5 14.12.72 20. 1.73 38 Chevron ... c:... .... 
I I 

),./1 I ~15c ni:~' 30;B7l'r 2Li°55' 07,964" l 87,00 33,5 ~!:;Qi 2Eb7}5 4. 2.73 24. 3.73 48 ' E"[J·~kor i_J ~ t..i ... ....t ~~- ........... I 

I 3/1 I .J,.l c"'4' 22, 003'' .,-:P4f:' 40,378" 100,60 33,5 1052 I 1016, 5 11. 4.73 20. 4.73 9 Ao1.ii ta.ine ..... ,_ C .. L.-
• ii 0 

)/1 ! :: .. 1-.5:i.' 23
1
99[,:I 2~~ 55n 39,3S2·1 130, 76 34,1 1955 I 1920,9 3. !:3.?J 18. 5.73 15 I Aqui tnina 

:; /, I 3,f' r.,4, l~~, CD6" 21°1n 1 (10,973" 75,00 33,5 1963 1929,5 5. 6.73 'Z7. 6.73 22 I f)cekor 
)ii ! '3"051:'.'f .-,,:,0;;,rJf 

I 

3D,271 11 03, 224" 114,00 ;:;~,5 2442 240S,5 11. ?.73 10. 8.73 30 I E-:Oai<or -f I "':-1 :::J 
I 

C.:.e:.;.. -L..- ! 
" 1 

I 1ar'-ebec-t 'l ! .'34°16 I 2,E3 :- 4 79" -,,:,D5i::•t 19/:i:iJ.!I 117,34 3;3~5 24E30 2416,5 29. 8.73 ~3D. 9.?3 30 8ee,k1Jr ,,; J-a' I ,., ·-~ / i:-..,_J :::J I 
~ ,.. . o· ..... r-, ,. .. 10, .. ! ! ,...,. I - i.,• . ,--.--.,,...., ,. ,- ,..,,, C ~- r " ~ ~·· ,., ~ ,···.- ,...~ .... 

' -. -- l- - . 
.. ::11 ' 05, 3::;,l" j ,:):+ J. 7 • L:::\ ;:;.::.; '1 I 12q., 10 , 33, 5 .::i.,.54 ~4.Zd, 5 11-+. J.C•. 13 ~;1 • .Ll. /.:, .:.ti ; hc,11,q I c 

_ __.__I~ ______ ! .... ' __ L ____ .... 4_0_20 __ 1,_s ___________ 6_19_o_l_,_· ·_· ----

1::: 

---------~------~"'---' 

http:31.10.70
http:12.12.70
http:16.11.70
http:14.12.72
http:12.11.70
http:15.10.70
http:24.11.70
http:27.10.70
http:13.12.69


33"S 

I 
19°E 

C.4/>E: 

H(b)·HARTEBEEST /I • 

•,-e11 
•ll(a)-S/1 --

•G(b)·~£MSll0~ /l ____./ 
a;o)-A/l .. •G(al•A/3 ,,,.,--

G(a)•A/2 •Glll)•SPRINGIIOK/1 / 

•Glo)-C/1 ~ ---------
9

0- A/I 

•,.. /,,,,----

1 1 \ 
{__···--------- A G U L H A S B A N K ( r,~ "'--- " // 
I ~~ / 

• r--1 

S~ndays Ri•tr For:not,on } 

Kirkwood and Enon 
Con;!o,nerate Formc!,oas 

Petroleum E~plorarion Well 

UITENH~GE 
GROUP 

o ,o 100 w,~cs 
, ...... , ..... _, .,._,,,..._..,_r .....___._r_ ,------' 
0 ,o 100 KW 

L \~"- / . '? / -·---------------:._/ _____________________________________ _. 

FIGURE 2 Loc'ation .of boreholes on the Agulhas Bank. 

II C 274 

http:1001l1\.ES


7. 

A litiuetratigraphic freMevork and correlation was established by ttia 

'lt':'1 ter for the Mesozoic sediments in the Agulhas Sank by supplementing, 

whr:. ~ necessary, the stratotypes of the Ui ten hag a Group jn the Algoa 

Basin ( Wlntar, 1!1/3). This ¥.Ork, and the incorpcratiu.1 of available 

chronost:ratigraphic information based on palcontologic studies, was 

done in conformance with the South African C.Ode of Stratigraphy. The 

stratigraphic studies were carried out as part of the duties delsgatod 

by the Ebuth African Committee for Stratigraphy to the Cretaceous­

J1Jrassic \\brking Gr'C'up of which the wri tar was convenor since its in-

cep tion in lg;il. The structural, stratigraph:.c a'1d paleontological 

data provided material for selected sedimentolo9icu.l studiesr with par­

ticular ernphasli:, on depasi ti.anal processes and environments within tha 

frame\\Ork of the structural evolution of the Agulhas Bank. It was 

found that the Mesozoic geological history of the Agulhas B~1k is con­

sj.stent with the concept of plate tectonics. 

PREVIOUS ~\ORK 

Geophysical-geological surveys have been caITied out over the Agulhe.s 

Bank for more than three decades, and commenced with pendulum measura-

mants (Vening Meinesz, 1941 ). It was not until the 1950s that surface 

ship gravity n es.surements ware rnade (Graham and Hales, 1965); these in­

dicated a probable dspth of nearly 30 km to the mantle, the presence of 

a steep landward gradient of the M-disc_ontinui ty under the slope, and a 

structurally complex 5-km se,:Jimsnt layer which thins seawards of the 

Agulhas 8:il'lk. A seismic refraction profile mea3ured at 35°18' south, 

21°31' east {Green Bild Hales, 1966) revealed ths presoncs of possible 

Cretaceous sediments to a depth of nearly 2,5 km. Refraction \-.ori< by 

Ludwig et al (1968) showed variablB thicknesses of sedim1:mt 1 possibly 

C1etaoeous or yoLJnger in age, resting in structLn~al de:pressions on 

Cape and underlying rocks with high sonic velocities~ 

Detailed sea-floor mepping started in 1967 ~ th the astabli.shment of 

the Martns GeQlDfr..' U,it t.Jy the South Africnn Ncrdor.ai Ccr:mi ttee for 

Ucaanogra.phic Research {2/1.NCOR) at the U·dversi.ty r.:,f Gapa Town; sines 

then this uni.t has baen actively antra.ged 1 1:: nongst others, i.n bP.,thyme­

tric, saa-floD?"-bc-.'llpli:-1g and shalluw seismic nt:'ler.;i:;lor;··s·urveys of tha 

ccntinental /a .•• 
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continental shelf E!I'ld upper slope. 

Bathymetrlc maps car profiles have bean produced by Dingle (1970), 

Dingle et al (1971), Bin:;h and Rogers (1973), f:crutton {1973) Bnd 

Simpson (1965, 1968, 1970). These show that the continental shelf 
0 

widens from Cape Agulhas to a rr.ax.imum of 240 km at about 21 east, 

then narrows markedly to :n km off Cape Recife. The shelf break 

ranges in depth from 120 to 180 m. The only prominent topographic 

features on ths Ag;..1lhas Bank are the Alphard Rise and a number of 

east-wast-trending ridges in tne vicinity of Cape St. Francis. In 

general three morphological zones can be recognised seawards of the 

shoreline: 

a narrow near--shore rocky platform i 

a gently sloping shelfi and 

a steeper slope, with a p~orly developed rise. 

Geological maps of the Agulhas Bank (Dingle, 1S70) inciiL-;ate the pr~ 

sanes of both Lower end Upper Cretaceous sediments closa inshore and 

along the eroded shelf-break, a thin cover of Tertiary \Jolcanic.s en 

the Alphard Riss (Dingle and Gentle, 1972), and tha prominent south­

east-trending t',gulhas arch, where Senonian beds rest directly on Devo­

nian-Silurian sediments of the Cape System. Layden et hl (1971) con­

finn that the Agulhas arch is mads up of shallow bassmant with high 

seismic vsloci tie5 and further demonstrate the prosancc along the shelf- -

edga of 3 to 4 km of sediment which shows increasing velocities with 

depth. They suggest that a considerable part cf this succession may 

be rapidly deposi tsd terrigsnous and marine sediments of Cretaceous­

Tertiary age, snd speculate as to whether the Crataceous Algoa bnsin 

extends unto the continental sf-:2lf. Towards the north-east· of the 

Agulhas arch, along longitude 20°49' east, a thick, block-faulted suc­

cession was shov.n to be present by ~ence (1970), who correlates tho 

sediments to the Ui tenhage Series on ths basis of interval veloci tiss. 

The sam8 profile was used by Halas and Nation (1972) for cr..Jstal stu­

dies which revealea the depth of the ~discontinuity ben~ath ths 

Agulhas arch to bo 32 km. 

.-·~ . 
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Dingle (1971 a) provided further evidence in favour of a Cretaceous 

dating, based bn studies of ostracods frDm ths Algcu Basin, for sedi­

ments on the Agulhas Bank. In the same year (Dingla, 1971 b) he 

portrayad the Tertiary history_ and refen·ed to, amongst others,, a 

marina trimsgrassion during the l.ppar Cretaceous. A Jurassic dating 

of the Branton marine beds (Dingle and Klinger, 1972) near Knysna 'i,as 

sho\111 to have significance in terms of the break-up of Gandwanale.nd 

(Dingle and Klinger, 1971), as did the locatfon of a marginal frac­

ture zone ( Francheteau and LEi Pichon, 1972), 'Ni th which is associatcid 

the Agulhas marginal fractu~ ridge (Talwani and Eldho1m, 1973; 

Scrutton and du Plessis, 1973). Also of signi ficanca was the ob­

servation that the Agulhas Bank lies in a marginal srrDoth magnstic 

zone. (Mascle and Philips, 1972). 

The term Agu, lies basin was coined by Simpson e.nd Oingls (1g;,3) in re­

ferTing to the Mesozoic and younger sediments on the Agulhm.:: Be..nk. 

It is also refs~rsd to as the st. Francis Basin (emery et al, 1975) 

and the Outaniqua basj,1 ( Dingle and Scrutto.n, 15?4). This basin, a.a 

defined, lies betwesn tha Agulhas and Aaci fa arohes and is sub-divided 

by smaller block-faulted burled ridges (D:ingle, 1973 a) wh:l.ch co~e;;:,~ 

pond to promantor:i.es on the coastline and projections of anticlinorial 

axes in the Cape fold belt. The sedimentary basin lias shoreward of 

the Agulhas marginal fracture ridge, which actou as a sediment dam 

(Scrutton and du Plessis, 1973) until the late Cretaceous. The ear-

liest post-Paleozoic sed::. man ts in the Outeniqua basin accumulated in 

intannontene vaJ.leys during the Jurassic, !Jut well after the formation 

of ths Capo fold belt in the:: mid-Triassic (Di11gla, 1973 b). D.iring 

the interv~i.ng oE-:riod South Africa was subje:c ted to intense erosion 

(perJgplanation): producing what King ( 1951) called the "Gondwana sur-

face". The cHrr.nts a.t this time was thought to have bean dry 

(Bigarella, 1970); desert cnndi tions art3 postulated for tho interior 

throughout Jurassic time. 

The Agulhas Bank fe.::1tures prn::-:ine.ntly in compiJ.atior.c of regional 

oceanography by Siesso~ et al (1974) and 5~ery st al (1974). The 

latter show free-air gravity p_11oms.lies ever r::.c!ges which are associa­

ti::d with the Agu::i.ha:;;; frflr.ture zcr.~ and ovar the c~ntinent3J. slope. 

It we.s /10 ••• 
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It was proposed that the boundary between oceanic and cont:i.nental 

crust rasul tsd from transcurrent movement along this fracture zone 

while rl ft faul t.s developed in the la ts Jurassic. Emery et al ( 1974) 

postulate a na::1.jur· hiatua in the mid-Cretaceous; this was followed by 

a late Cretaceous transgression and a regression accompanied by folding 

at the and of the Cretaceous. 

A summary of the geology of the isolated Cretaceous outcrops in the 

Cape fold belt js provided by, amongst others, Haughton (1928), 

Haughton et al (1937 a, 1937 b), du Preez (1844), du Tait (1954), 

Rigassi and Dixon (1970), Engelbrecht et al (1002) anti Lock et al 

(in press). These studies reveal the presence of isolated, fault-

bounded, asymmej:;rlc basins that developed parallel to tha tectonic 

grain of the Cape fold belt; the basins were filled with substantial 

tr.icknesses of non-marine, coarse clastic'3 in the \1tbr::sstsr, Robertson, 

~wallf"..r.dam, Riversdale, Oudtshoom, M:>ssel Bay, Gamtoos and Bav:l.aanf'­

kloof areas. The age of the faults on land assciciated with Me~;ozoic 

rifting has long been under discussion. Haughtcn (1569), dt, Jo1.t 

(1954) and Tr...imw::ill (1970) conclude that large vertical movements t::1uk 

place in the mid-Cretaceous (post-Neocomien), whila Dingle b) 

sugge.sb:l a prs-Coniacian age for these into:noi ttent tectonic L'vent~. 

King (1951• p. 246) assigns a mj.d-Jurassi::::: to earliest Creteceoun time 

for ri ft:tng of 'l:Jndwanaland. Nearly 1 900 m of mar.:i.11a Lowe:.- Cretcu::cows 

Sundays fliver ssdiments ara known to occur in ths Alg::m Bo:::;ln, wh:~.re ttm 

stratotypes of the Uitsnhage Group a.re dsf:Ln3d fand m1rr.ed in acccrdt,nce 

with the S:>uth Afr:i..can Gtratifrr'o.pl·,ic Goda ( Wintm:-·~ 197~3, ou Toi t at s1 

in press). The Algoa Basin was consicle:red. to be a more son;plex l::,_=isin 

controlled by morr~ than one hounding fault. r. -oi· t (19r;;;• ) , ,\ i- hc,d UJ I , , , . .,.+ pl:L. j ,.,,,, 

to tha signi ficence n r f,iGd:lmen tery into the t:on troll fault as 

STRUCTURE /lL •. 
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STRUCTURE 

MET~ODS OF STUDY 

The principal sourcs of strucb.Jral information ara seismic rafler.~ cion 

profiles, and dipmetor data recorded in the: majority of the boreholes. 

About 24 000 line km of seismic raflection profiles have bean inteP­

mi ttently acquired over the Agulhas Bank between 1S67 and 1974. 

These survey8 were recorded and processed by a variety of contractors 

such as Compagna G~~ral det Geophysique (c.G.G. ), Geophysical Services 

Incorporated ( G. s. I. ) , Ray Geophysical, l..hi ted Geophysical, Seismic 

Engineering, QJlfrex, ~bil and Shell. 

Oigi tal recording of most seismic data made possible high-speed ~,lec­

tronic computing and efficient attenuation of multiple reflectors by 

deconvolution techniques. Overall data enhancement by high-rnul Lipli-

city shooting and stacking has effected irn,~cnss quality irnprovclment :l..n 

seismic data in recent years. One of the earlier problems ern::ol.lntc:-,ed 

during the recording of seismic reflection profiles on the Agulhas S511k 

v,a.s the hard sea bottom, which set up standing seismic :,mv,3s rasul t:tng 

in destructive ringing (reverberation). This resul tsd locally in poor 

penetration A.nd ccnc:omi tant difficulties in detE::ct:lng deep-seated horl-

zons. Ths µro!Jlem wes overcome, to a large extent by sopl-dst-ica-ced 

fil taring techniques and deconvolution. 

In the geophysical files a!= Soekor there is docwnentation of the rapid 

evolu'tj!Jn of th3 seismic reflection method since 1967. The mai.n s b,t~Ja,; 

wars: 

(i) 

(ii) 

(iii) 

(iv} 

(v) 

Rnalogue automatic volume control recording, floating cable; 

anr:tlL13·ue progrnmme-gain recording, com:r:cn depth-point coveri 

digital ~B.corciing, streamer cab 18, ncn.--,;-.ryi ,ami'i:F.1 source; 

binary gain t.'!B-fold rncording; ancJ 

Maxipulse, 40 channa!., 2-rnilt-3 stream;;;r cable, i:c.:::::::2!:rra.tion 

cancellir~g hyr;hTJphones in taperF.1C1 aJ:Ta:{s. 

http:l!�JV.3S
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The interpretation of seismic rafle:cticn prof:l.les was dona on a routine 

basis in Soekor' s geophysical section by Messrs. Wardle, 'Abod and Cro1.,s 

in close consultation with tha author. The fellowing rs flee tor hori-

zons were mapped throughout the study area: 

1-brizon D : acoustic basement, approximate base of Meso­

zoic ssdimsnts (pl.1) 

1-brizon C l..cwsr Cretecaous reflector, lm;ally in uncon­

fonnii.y surface (eL.~) 
1-brizon A 

1-brizon 11 

approximate base of Lpper Cret5cam ... s (ol. 3) 

w::i.reline-log ma.rker horizon in the Lpper 

Cretaceous near base of Santonia'1 (£.!.:!). 

These horizons wars tied into control points in borot-oles using v.:il:::ici ty 

functions cc'lloutsd from vsloci ty surveys in 14 of' the boreho]Rs. As n 

rough guide the following relatior.ship may be used for the ~onvsrsion of 

depth and sonic trav~a time on the Agulhas Bank: 

y = 88,46 + 0 138 X 

where y == one-way travel tima in milliseconds 

and x = depth in 1~etres below sea level. 

This relationship was aITived at through a least-squ3ros regression 

analysis by ths vrri ter of 95 pairs of data polnts from 10 borehole velo­

city an0lyses whic:h yielcied a line of best fit with a corralt:1tion 

coefficient of o, S'S. 

Supplerr,sintmy structural infon,1ation was obtained from the interpretation 

of t:1.pn,-?.ter results. The surveys and processing ware dona by the &!hlun,­

berger Company j.n 15 borehohis. The dipmetar is fa four-pad device, which 

records fcur :r·esistivi ty curves continuously dew., the borehole; thes1:1 

curves are d:LSJi. tis8d and automatically correlated, Etni:I corrections are 

appli 1::;d ,·or· borehc;le de•Ji::!.tion, hols size, aor?de position and magnetic 

deviation. The results are pras~ted by SchJ..urnbsI"]er in such ~ v,ay that 

they shcm the ::,i::!"Uctursl atti tuds of sedir:ier:ts at the borah(,18 i:d ts. 

The interpPJtat:'<c.n of dipmatsr resti:L ts wa;,; dr,r..::? by the w:ri ta::- in e.ccor-­

c.::once with principle.:; dascl:'ibed bf Schlu:!:bGa:"'ScH' (1g10). 

P.EG.ICN:'..L / 13 •.•• 
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REGIONAL STRUCTURAL ASPECTS 

Agulhas Bank 

The tv.o-way time-conmur map of horizon D (pl. _l) bears witness to 

the presence of a. large number of steeply dipping nonnal faults at 

the approximate base of the Mesozoic sediments: these faults gene­

rally trend west-north-wast close inshora, where: thay ara roughly 

parallel to.the tectonic grain of the Cape fold bolt. 0, the eas­

tern part of the Agulhas Bank the faults swing in an Ercuate manner 

to a southerly direction near the 2CO-m isobath. These horst-a,d­

graben faults give rise m the observed relief at acoustic basement 

level and contribute substantially towards the recognition of the 

following principal Mesozoic structural elements {from west to east): 

Agulhas arch 

Bredasdorp basin 

In fan ta arch { St. Blaize arch according to Dingle, 1973 b) 

Pletmos basin 

St. Francis arch 

Gamtoos basin 

Raci fe arch 

Als-oa ba.sin 

H::lrizon C is a prominent reflsctor wi. thin the Lower Cratacrous and 

has a general shallow seawe.rd dip interrupted by broad anticlines, 

synclines and a limited numoer of nonnal faults. Tne reliaf on this 

horizon is a subdued replica of the stn.icture on horizon D, so that 

the orientation i:::nd position of the principal stn.icturaJ. features on 

horizon C are reflections Df those listed above. It is impossible 

to trace this horizon over the Raci fe arch into ths Algoa basin and 

for this rea.san a strongly unconformable horizon at the base of the 

Cornpanien in the H(b )-Hartebeest/1 borehcla tanned "top of layer 3", 

has been mapped in this area. 

A seismic reflector near the base o-f the I.pp~~· Cretaca .. :us, b,·,msd 

http:seawe.rd
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"horizon A", (eJ.. 3) strikes roughly north so0 
east Bnd dips appmxi-

mately 3° seawards. This regional slope is inteITUpted by the follo-

wing: 

(a) A distinct swing of the contours to the north-west along the 

northern flank of the Agulhas arch onto which it onlaps i 

(b) A number of broad south-east-plunging anticlines. The most 

prominent of these is superimposed on the arcuate In fan ta 

arch, where it is affected by faults. Another plunging M·-

ticline is present about 50 km south-west of the L"'lfBnta 

arehj it is superimposed on an anticline at basement level 

which branches off from the Infanta arch; 

( c) Relatively minor faulting in the ar:ta about 100 km south­

east of Plattenbel1} Bay; end 

( d) A prominent fault about 50 km south-east of C:..ape Inf an ta. 

Mapping of horizon A is not possible in the nearshore belt, where it 

is too shallow for identification on reflectiun profilos. It cannot 

be traced across the St. Francis arch and it has consequently not been 

mapped in the G9.mtoos basin and farther eastwards. 

H:irison 11 occurs within the Upper Cretaceous. strikes roughly N so0 
E, 

end has a monotonous regional seaward dip of about 2° (el. 4); this 

regional attitude is interrupted by the same anticlinal features as 

those observed an horizon A, but their amplitude is considerably sub-

dued e.t this higher stra.tigrephic level. 1-brlzon 11 is so shallow 

that it can be identified on seismic rsflectinn profiles o'1ly over the 

central paz-t of the study area. 

The results of ref'rf'r.:tion wnrk, which had bee.rt recordad independently 

by a number of dil'f1=nent invest:i.gators, are in grmeral agrmunant \'lith 

those of Soakor' s ~,eisrniL rsflG::tion r,1:;ipp:1.ng. The follc.wing ts.bls 

lists those rafrc1c.t.ion profilE:a whic::h pn:,\flde cc rraborati.on for the 

principal 1v1£>E,ozo:i.c structural :9att1re.m dsscrL:.eu r,:1.-:ivs: 

F. . 1~ -sen;ure J.:.) ••• 
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Graen & Hales Ludwig at al, Leydsn et al, 

·-·"··~~ture _____ ( 1_96_6 .... ) _____ p_. 9t_5_8._) ____ ....,( 1_':17_1 ... ) ___ .... (,..l_S'l_o_J 

Agu1has 1:1:rch 

Infants. arch 

Pletrms basin 

St. Francis arch 

Gamtoos basin 

A.1goa basin 

profile 4 

profiles 151, 
152 W 

profiles 152 E, 
153 

profile 224 

profiles 225, 
226 227 , . 

profiles 228, 
229 

profile 230 

profile 231 

profile 232 

profile 4 

Ths low.:::rmost refracting horizons (or velocity interfaces) on a number r,f 

these refraction profiles gene:-ally show a close correspcnde.nce ta ei thot' 

ssit0,mic rur:l.zon C or horizon D. 

Cape Fold Belt 

Thi"' arnuate Cape fold belt, concave southwards, reflects an orogeny with 

varg~ce, ovorfolding and thrusting directed outwards ( de Swardt et al, 

1S'74; Nswtcn, 1975). The most consistent structural element over most 

of tho belt is a strong axial plane cleavage or foliation, which marks 

th1;; regional plane of orogenic transport. It disrupts authigsnic mine-

rals of the lower greenscr .1.st facies of metamor,::,hism, indicating that 

tha E's:ik':eveld sr:?diments, at least, ware deeply buried and partially re­

ccnsti tuts:d before the main folding took place ( de Swardt end Rowsell, 

1974) durin[f tha Triansic (Dingle, 19?3 b). The rocks that are involved 

:'Ln t~d.s folding are: set..limen ts of the Silurian-Lower Carboniferous Cape 

Systsr;i and possibly also of the older KlipheL•wal and Malmesbury succes­

sions; the latt19r j_s i.ntrur:!ad by Cape grani tas dstod at about 600 m.y. 

lhe K8roo SE''qu8nr::5 was involved in the Cape orogeny at least up to the 

lower part cf the Bei:,wfcn~t sedirr.onts. 

The repeti tiv1:1 outGrnp:i of the Cape .ssdime.nt[; o1rc essentially expressions 

of e number of a.nticli.noria a"1C synclinor la. Trirust faults with a mode-
.. 

rataly stsiap southa:rly d::tp are kno;':'n to occur in tha··t:~viaanskloof area 

(Theron, 1969) c.nd are suspacted tri ci.lso pr.:::s8nt farthar r-outh• alr>'l!] 

the /16,. A 
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tits long narrow synclines occupied by Bokkaveld sediments. As far 

\\'estwards as Georga the folding was vary intene.a - l:fven the Gaorgc 

granite apparently acquired a 0~rong cast-west foli&tion (de Swardt 

et al, 1974 ). 

Where the fold belt crosses the LangeberrJ bstwaen \\brcester and 

Swallendam only weak folding is apparent and the ba3al Table IAJuntair. 

Sandstone is often undeformed. South of the Worcester fault the fol-

ding is more intense and take3 the fonn of f'ai:rly tight, chevron-type 

folds superimposed on earlier west-north-west trendlng brn1d synclines 

and anticlines. A number. of faults are shov.n on the 1!170 edition of 

tha geological map ~f South Africa, in the BredasQ0111 area; they are 

parallel to the Cape folding in this area (Kifgs 1951, p. 313). 

It is remark·ible to what extent the directions of MBsozoic rift faul­

ting parallel the tectonic grain of the Cape t'old bsl t in tr:a eastern 

and central parts of the study area. f-bwsver, i·t in extremely un-

likely that a genetic relationship exists, since erosion duv.n to Cape 

sediments in the gresnschist facies of metamorphism intervened between 

the Caps orogeny and the Mesozoic rift faulting. In the western part 

of the study area the Mesozoic structural grain cuts across the south­

westerly trend of the Cape folds. 

Agulhas Marginal FracbJre Zone 

The Agulhas fracture zone, with which is associated a fractura 1~dge 

(Scrutton &nd du Plessis, 1973) and a linear ponitive magrn~tic enorria­

ly (Simpson, 19613), is responsible for the juxtaposition of coritinen·­

tal cmd oceanic crust along the South African eastern and southern 

margin. It is located on a small circle disposed 68° awey from the 

Early Cretaceous spreading pole (Franchstau and Ls Pichon, 1Y72) and 

is responsible for the straightness and narro'M'lass of the continental 

margin along the east coast ( Gimp son and D:i_ng~_ij, 1Y73). The fracture 

rit.fga is considered to have ected o5 a Men!Jzcic sed::Lrnent trap (fcrutton 

and du Plessis, lP.3 ). 

,. 
Ti i.3 Agulhas fracture zone strikes :~ tio·· E and tn .. mc:ates the Agulhas 

arch /17 ••• 
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arch (Scrutton and du Plessis op cit, fig. 3). It is squab.Hi with 

the Falkland fracture zone (Le Pichon and Hayes, 1971). Emery et 

al (1975) and Dingle and Scrutton (1974) consider this fracture zone 

to have played a significant part in the breakup of west Gondwanaland 

during the Mesozoic by dextral transcur.rent movement. This wren~h 

fault can be regarded as a fundamental fault (de Sitter, 1959, p. 175) 

or a megashear (Carey, 1958); it is a first-order stn.icture having a 

significant component of lateral movement, i.e. it is a strike-slip 

fault whose horizontal displacement exceeds the thickness of the en.1st. 

PRINCIPAL MESOZOIC STRUCTURAL B..EMENTS 

· The following is a discussion of the principal Mesozoic structurctl 

faab..lres defined by the four seismic reflection horizons that have 

been mapped. 

Agulhas Arch 

This broad, essentially linear arch at the level of horizon D plunges 

south-east away from Cape Agulhas (pl. JJ; it has a broad, flat crest 

emJ: is asymmetric in cross-section . with a steeper north-eastern flank. 

If the 500-millisscond basement contour line is taken as defining the 

limits of thb a~h, it widens from 25 km near the coastline to more thElll 

80 km near the 200-m isobath. 

The crest of the arch is bc.ld in respect of sedir.ients between horizons 

D and C; because the latter onlaps onto horizon D along a line sub­

parallel to the 400-millesecond depth contour (fig. 3). rbr12on Sis 

too shallow along the flanks of the Agulhas Arch to be accurate'ly 

mappod and the exact location of its onlap ont.o horizon D ear.not be 

estabUshed. lt is possible that this onlap occurs close to the 400-

millisecond cont::.ur on horizon C all along t!-le north-easte1T1 flnnk of 

the Agulhas arch. 1-brizons A and 11 could not be identified over the 

crest of the arci1j thsy are suspected to cnl:-. .p cnta horizon G in an 

overstepping fashion along the flanks of tha erci·; in v~ ew of the pre­

sence of SBnonian sediments that hevc;;: been dn1dg.~d nlong this flank 

(OJ.nQle, 1970). ~-' .. '! •.. 

Saicn;ic ,'19 .•• 
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Seismic reflection svidence indicates onlaps onto the north-nasbm1 

f1ank rmd a generally thin cover of sediments favours tho early axis-

t~ca uf posi tiva relief over the Agulhas arch. The flatness of-' the 

crest could be a feature inherited from the Gondwana landscape or be 

due to erosion at times of smergance. Cape sad:! men ts have been 

dredged from ths crest close inshore (Dingle, 1970). The nature of 

the north-eastern flank of the Agulhas arch remains problematical, 

particularly in respect of the rols played by faulting. Ths present 

evidence favours a faul tad hinge axis to account for this .steeply 

dipping flank (fig. 3). 

The core of the Agulhas arch may be represented on lond by north-wast-­

trending outliers of Cape grani ta and Malmesbury metassdiments in the 

area between Paarl and St. Helena Bay (Eicrutton and Dingle, 1974 ), 

while the north-eastern flank may be continued by the fault-dissected 

anticlinal feature formed by T. M. s. quartz.i ta between Cape Agulhas and 

Somerset West. In a seaward direction the Ag1.Jlhas arch is knov.ri to 

persist to the Agulhas marginal fracture zone, by which it is presumably 

truncated at a position about 150 km south-east of Cape A.___qulhas 

(~rutton and du Plessis, 1975). 

Bredasdo rµ Basin 

The Bredasdorµ basin is named after the to\Wl of that na.11e not for frolT' 

the coast. It is a broad, essentially undulating, steep-sided struc­

tural depression, some 120 km wide at the level of horizon D (e].. 1 and 

fig. 4). Its long axis trends south-east, parallel to the flanking 

arches. A number of roughly ovate depressions a!~ observed on horizon 

D, in the central part of this basin i these depress:tons attain depths 

of more than three seconds ( two-way time) locally. At i t'1 north-western 

extremity, near the coastline, tha basin splays with the development of a 

number of south-8ast plunging ridg~s. Th~ most prominent one of these 

can be projectc1d landwards to Struispunt, is bald in respect of horizon C 

and is flanked c;1 the south-west by a do· ... ;--to-the-scuth normtil fault with 

a displa~emsnt c:' about one second en horizon D. Thi,. fault persists 

upwards and displaces horizon C, and latsrru.ly fer ,,bout 30 k~ Lo the 

south-east. Thi-,re is no obvious fault o ,shore to •;vhi~h thir;; one cm1 
. ···~ ~ ~ . 

be con·als.tcd /22 ••• 
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be corralated, unlas~ it is continu.?.d ~~,~chE-)lqn by the one a few kilo­

meters north o'f Elim which brings the Nama and Bokkeveld into juxta­

r~si tion (Gaol. Mc.p S.A., 1!770 Ed). /Vi intrusive is located on tha 

crest of this feature about 45 km south of Cape Infonta; it is pre­

sumably equivalent in age to the 58 m.y. cld intrusives which occur 

on the Alphard Sanks (Dingle and Gentle, 1!772). 

A prominent horst, about 40 km south-east of Cepa In fan ta on which the 

E-B/1 borehole was drilled, narrows abruptly in a north-wsstnrly direc­

tion and is flanked on both sides by faults with about tv.o seconds dis­

placement; the southerly one has an arcLJate trace on horizon D. 

The northern flank of the Brsdasdorp basin is a remarkably straight, 

faulted warp rods, judging by the closely spaced contours striking 

south-east out of St. Sebastian Bay (Cape Infanta)(fig. 5). The thres 

ovate deeps referred to above are w1 thin 25 km of this flank. 

At its seaward end, near the 20~m isobath, the basin shallow£, by way of 

a number of isolated, ovate highs which are suspected to be fault-

induced. They are bald in respect of horizon C. To the south-west 

of these, along the northern flank of the Agulhas arch, Bn east-west 

fault pattern is associated with an eastward plunging anticline. This 

is a splay off the Agulhas arch along lati tud9 35°40' S and is evident 

on both horizons C and D. Collectively these features tenninate the 

south-easterly plunge of ,the Bredasdorp basin. 

A broad, flat trough on horizon C trends roughly south-east; its axis 

plunges in the same direction in conformance ,vi th the structure on hori­

zon D. Numerous pluglike intr..Jsives penetrate horizon C in the vicini­

ty of. and north-wast of the r:-.-A/1 borehole on the Alphard Sanks. Thase 

intrusives have been dated as early Torliary (D:i_nu}:s and Gentle, 1972). 

M arcuate fault trace is interpreted to bs fl'Y'Pbo,'"1t close to the E-B/1 

borehole, where a clo::ed contour :i.s indicated. From this position a 

persistent east-west etrike is observed, and thn northern margin of 

the Breda.sdorp bt1sin on horizon C cwmot be ~cct;:~ah;ly defint.'!d, 

.... ,, 

lho a'redasdo:::p /23 ••• 
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The Bredasdorp basin is not detectable on higher structural-strati­

gr&,'lhic levels such as on horizons A and 11. 

It should be borne :l.n mind that on most reflection profiles in the 

Bredasdorp basin, acoustic basement is not a characteristic rJr promi-

nent reflector horizon. This may be due to tha ca'11ouflaging effect 

cf multiple reflections or reverberation. 

Infanta Arch : 

The Infanta arch is named after a cape on the coast and is roughly 

equivalent to the St. Blaize arch (Dingle, 1973 b ). At the level of 

horizon D it is a broad, sloping bench, which extends in an arcuate 

manner from the coastline at Still Bay to the intersection of the 20C-m 

isobath and 1ryngitude 23° E about 85 km south of Plsttenberg Bay. A. 

subsidiary south-sast-plunging anticline splits off about Bf. km south 

of M:Jssal Bay to constitute the north-easteITI flank of the 8redasciorp 

basin. The main arch is affected if not controlled by many steeply 

dipping nonnal faults parallel to the crest of the arch. Towards tha 

east the northern flank of the arch is defined by a ciJv,n-to-the-north 

fault, which petsro out towards the nort-west, while some 30 km south 

of Mossel Bay this flank is defined by another large, discont-:inuous 

east-wost fault (1,5 seconds of displacemont). A saddle-like de­

pression occurs along the crest of the arch bet.veen these t'MJ down­

throw faults, while a subsidiary eastward-plunging basin, some three 

seconds deep, is located about lCXl km south-east of M:lssal Bay between 

the Inf an ta arch and the northern flank of the Bredasdorp basin. 

The Infanta arch can also be recognised on horizon c. f-bwevar, the 

cras·c :t :3 bald in respect of this horlzon over two fairly large areas, 

which are sepurated by the saddle-like depression referTed to above. 

Toa Infanta arch is undoubtedly an early positive feature judging by 

the onle.pping relationship of horizon c. Between the Infant:a arch 

ei.nd the nor.:hem flenk of the Bredasdorp basin a south-~astw~rd-

plunging synclin~ is prasent on horizon C. The er.ticlines o~ hori-

.wns A and 11 ar,3 eubdued :replicas of tha stru::ture f.\t: lower lev,:3ls. 

Pleitmos Basin /24 ••• 



Pletmos Basin 

The Pletmos basin derives its composite name from the coasb;.'J tov.ns 

of Plsttenbarg Say and M:Jssel Bay. It is defined as the 40-km to 

50-km wide structural depression on horizon D between the Infanta 

arch and a large c:lo~-to-the-south fault south-east of Plettenberg 

Bay. This structure, referTed to henceforth as the Plettanberg 

fault, has a displacement of almost fi va seconds on horizon D. It 

appears to persist westwards to near Plettenberg Bay, but bas not 

been detected further west. This may be due to lack of seismic re-

flection coverage or the fault may go over into a relatively steep 

southerly slope, particularly in the area due south of Plettsnberg 

Bay ( fig. 6 ). In view of this, the Cretaceous outcrops in the ~bssel 

Bay and Plettanberg Bay areas can be regarded as part of the struc-.-

turally complex Plebnos basin. The Plett1&1berg fault is e.pparently 

\Shov.n in en echelon arrangement v.1. th one to the south of the George 

granite. 

A south-east-trending normal fault - called the &Jpi:;:"ior fault - with 

a dam-to-the-north displacement of over three seconds is present 

approximately in the middle of the Pletmos basin ( fig. 6); it attains 

its maximum throw some 40 km south of Plattenberg Bay and fades out 

about 30 km to the east and 50 km to the west of this point. At its 

western end the fault splays and appears to be in en echelon rela.tion­

ship to the fault which marks the northem fltink of the In fun ta arch. 

Towards the east the fault also splays, El!'ld a major component conti­

nues in en echelon fashion some 15 km north of the tennination of ';he 

Superior fault. In conformance with the opposite direction., of dip 

on basement level towards the half-grabens associated with the &J­

parlor and P1ettenberg faults, respectively, en anticlinal fBature 

strikes south-east out of Plettenberg Say. Between the Sup8ri.or 

fault and the Infanta arch there is a subsidiary half-grabM which 

plunges south-east. 

As is tha case Gr: horizor D, horizon C is dizplaced by th3 ,?TCUete 

Platten berg fault. The Superior fau~ t porsi£.o ts upward i.n the suc-

cession and dispJ.aces horizon r::, but only by 'l srnall w,·1ount.. A 

south-east-plunging· syncline i.s defined by horizon G bet\·11:!l..:"!!"1 the 

Superior t~-::;; 
I ..:.u. 1111 • 
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SJperior fault c1nd the Infanta arch, but it is not as deep as the asym­

metric hal f-grabens between the Superior and Platten berg faults. CCn­

tcwrs on horizon C close on a high on which the G(b) Gemsbok/1 borehole 

was drilled about midway between the Plettenberg fault and t:je en ache-

19!! continuation of the Superior fault. ·This posi tiva feature contl-

nues in an arcuate fashion to the 200-m isobath, where horizon C attains 

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

1-brizon C is recognised as an angular unconfmmi ty on tha basis of amongst 

others, dipmeter evidence from the G(b) Gemsbok/1 borehole ( fig. 7), TI1s 

sediments immediately below C (l 556 m below sea level) dip northwards at 

an angle of about 20°. An angular unconfonni ty is also present at this 

level on .the Superior A structure, where its sxiatence is infsrred from 

detailed wireline log correlations between the G(a) A/1, G(a) A/2 and 

G(a) A/3 boreholes (see later). The onle~ping relationship of reflec-

tors above horizon C is consistent with tht:1 existence of an hiatus at 

horizon c. A similar onlapping of seismic reflectors onto horizon C is 

observed to the north of the Superior fault, where reflector~ ovaretep 

each other in a south-easterly direction. To the 11orth-west of the G( a) 

B/1 borehole these reflectors become a south-easterly-directed set of 

prograding features ( fig. 8 ). The onlaps and progrades suggP'!lt ttJQl.t 

sediments above horizon C in the Platmos basin were derived from the 

north-west. 

Few of the struetural featuren referTed to above ara present at the high-

er stratigraphic L,Nels such as horizons A and 11. Minor faulting, which 

represents reactivation of the Superior fault znne, is present on horizon 

A, and a low south--eastward=µlunging anti::::line is pr-esent 0:1 horizon 11 

about lOO km south-east of Plettsnberg Bay,. 

st. Francis Arch 

The axis of this tucuate anticlinal feati..Jn::. plunges seaward from Gape St. 

F1~ur10is and persists to the 2~m isobath. A large nwmbe!" of normal 

faults strike ,::;ul:;~p,1;.0 al:::..n1 to it: and a.ff'E.::t b,Jth horizm1& D and C. The 

St. F1T-.r.c:t:: ;:;.rch is bald in raopEmt of horizon C 

CJrilaps on tc. !'i.o r1 ;!Cr; D. 1-brizrms A and 11 ar 1 too snallo w and 



their identification too unreliable to allow any posi ti vs ccmc;lusions 

to be dram rega!'ding the stnu~ture at these high le\Jele.. 

Gamtoos Basin 

The onshore Gamtoos be.sin is continued seawards by a he.l f-graben. The 

floor of this hal f-graben ( t-orizon D) cannot be identified at depts ax­

caading 4,6 seconds; this is due largely to interference by sidebouncas 

off the fault plans. It may be deepest on the dov,.nthmw side of the 

marginal fault in the north-east. The clossly spaced contours which 

indicate a relatively steep dip towards the south-west may reflect the 

atti tuda of the fault plane itself. 

J-brizon C also dips towards the north-east into the marginal fault, which 

at this level is flanked by an ovate depression deeper than 2 1 0 socond~ 

and a south-westward-plunging anticline. The infe?Ted geometry of hori-

zon C in ths Gamtoos basin may be inco?Tect due to the sparsity of seis­

mic reflection cover, particularly near the major fault in the north-east. 

Reci fs Arch 

A seaward-plunging anticline on horizon D extends in an arcuate manner 

from Caps Ra.:i fe; it marks the boundary betwssn the Gamtoos and the Algoa 

basins both onshore and on the continental shslf. The axis of this arch 

parallels the trace of the Gamtoos fault. The 1•eci fs arch is bald in 

r~spect of horizon Call t~g way t.o the 200-m isobath, since this horizon 

onlaps onto basement on the up throw side of tha Gamtoos fault. It is 

clearly an early, positive feature. 

Algoa Basin 

The Algoa ba.sin to the north of Port Eliza:ieth is situated ma::tnly on land 

and is filled bv Cretaceous sediments. It comprises the Ui tenhage trnuy'h 

(half-graben) and tha Sundays River trough (includir1g the Co~ga embaymant); 

these ara separoted by thA Coega fault ( Vlinbr 1 1973 ). 

The Coega fault is shciv.n to persist e.t tr"1 lev:::J. of hlp~zon D for about 

··o .. k /".le· .j ,.m 0 J, •• 
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30 km into Algoa 8ay i St. Croix Island is located on its urithrow side. 

Fifteen km south of its seaward termination a comparable fault comman-

ces and continues to the 2~m isobath. This str~cture, which is 

parallel to the Rsci fe :;.rch and is hereinc1ftsJ, referred tc as the Port 

Elizabeth fault, marks the northern margin ·of the Part Elizeba.th hulf-

graben into which the H(b) - Hartebeest/1 borehole was drilled. The 

Uitenhage trough wid1=1ns to about 50 km in a seaward direction; its 

north-eastBm margin en the continental shelf is c. fault referred tc 

as the Part. Elizabeth fault, which overlaps loft--hended vrlth lht:3 Coega 

fault in the vicinity of the St. Croix Isla~d. The SUnday~ River 

fault is straight and is flanked by a northward-deepening asymmetric 

half-graben in Algoa Bay. Other more or lass straight faults are 

pressn t; the largest merges with t,t,13 Pnrt Elizabath fault about 25 km 

south-east of Port Elizcl::1::th. 

1he SUndays P.iver trough, about 35 km wide, is flanked in the eastern 

part of Algoa 8::1y by a fault, and by the Coega fault in tha west. 

Close inshore the basement reflector in thB Sur.days Rivs:r trough 

deepens landward and away from the Coega fault. 

The horizon termed ''top of layer 3" is strongly unconfonnable ·.,n seis­

mic reflection profiles in Algoa Sey and impinges against the arcuats 

fault along the eastern ma!'gin of the Algoa basin (fig. 9); it rests 

on basement to the east and north of this fault. In the central part 

of tha basin "tc.';'J of layer 3" also rests on bF'semant in the vicinity of 

the junction of a straight fault and the Port Elizabeth fault; it will 

be demcnstrated that the angular unconfonni ty at the level of ''fop uf 

layer 3" is overlain by Lpper Crstacsous ( Carnpanian) ssdimsn t'3 :l.n the 

H(b)-Hartabeast/1 borehole. 

Apart from the minimal influBnce of faults, t!10 unc:lulatina r~lief on 

the unconfonni ty su!"fai::e is due entirely to erosion. A broad channel-

like feature with a comparativsly smooth ba3e runs north-east and 

intersects a nnrth-west trend in th9 remeindm~ of tha Algoa ba:Jin. 

The sediments belL1W "top of layer 3 11 follow e:;_,sentLally cunfonnably on 

horizon D st· that the rsg:i.onal northerly ci:tp ·1ersists upwi.:1rd in the 

SlJCC:eBr,don /32 ••• 
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succession to the level of the unconformity and is generally directed 

towards the major fault ( fig. 9). It is noto\'l:lrthy that in the Algoa 

basin on the continental shelf all the major faults are normal faults, 

with do\',flthrows towards the south, south-wast and west predominating. 

Some faults have arcuate traces while others are linear and are 

aligned diagona11y in respect of the former. 

BASIC PRINCIPLES OF FAULT TECTONICS 

Stress Ellipsoid 

Fundamental to the understanding of fault mech~,ics n be it normal: 

reverse or wrench faults - is the expression of stress distribution 

in terms of a set of three mutually perpendicular axes. In a homo-

ganeous isotropic material under compression, the maximum compressive 

stress can be represented as e force along the Y-axis which is at 

right angles to the minimum stress direction (X-axis); the third 

rectangular axis must cotncide with the intermediate stress direction 

(Z-axis ). These three forces are reprasented es of unequal length 

and describe an ellipsoid which long has been referred to as the 

stress ellipsoid. The planes of maximum shearing stress ara paral-

lel to the intermediate stress axis and lie at angles of 45° on either 

side of the 1o:aximum compressive stress. The planes of actual shear 

do not coincide with planes of maximum shearing stress but lis closer 

to the axis of maximum compression and form an angle to it called 

"the angle of shear". H.JL:bert (1951) indicates that, although the 

value may vary o.mong different materials, a good average for rocks is 

approximately 31°. Woody and Hill (1956) consider this angle to be 

applicable to wrench faulting. Billings (1954) cites a figure of 30° 

in the same context, while ~ilcox at al (lg]3, p. 89) quote ru, angle 

of between 20° and 48°. 

The differences b61tweon normal, thrust and wn;nch faulting relate to 

tha orientation of the three primary stress airaGtions in space; the 

maximum compresrd.rmal stress for both thrust nnd. wr8nci1 faulLing is 

in tha horizontal plane, but for normal f,,ii,,.;l ting j, t is verticel. 

tloody and Hill (1956, p. 1211) stute th_:c1t "trd.~. n:Jqu~!:C":·:ici:i-e Jbviates 

th8 syngene tic development of no:.m::u. faults with v1r·em,h er -1:hrus:: 
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faults except whGra n::::nnal faults are a sFJcondary tiffect due ta local 

defm:'fila tion ". The axis of ir.tennediate stress is horizontal in thrust 

and nonnal fault5.ng and vertical in wrench faulting. 

Wrench faults 

The term wrench fault is adopted from Kennedy (1946) enrl And9rson (1951) 

to describe ruptures in the earth's crust in which tha dominant relative 

motion of ona bl:::1ck t.o the other is horizontal (Moody and Hill, 1955). 

The tsr.m is synonymous with "'trike-slip and transcurrant fault. The 

connotations right lateral ( dextral) and left lateral (sinistral) refer 

t.o the apparent relative movement of the two blocks when viewed in plan; 

the separation between the t\\O blocks can also be referred to as clock­

wise or counterclockwise ( Hill, 1947 ). Wrench f'aul ts farm in response 

t:o horiz.:mtal shear couples within the earth' a crust '(Billings, 1955) 

end they can be simulated in clay models by moving plates barrnath a 

clay caka (Cloos, 1955; Wilcox, et al, 1!:173 ). 

Tha main structures associated with basic wrench-tectonic patterns are 

en echelon folds, en echelon conjugate strike-slip fBUlts, the main 

Wff,1ch fault and en eche.!£!:!. normal faults ('Wilcox et al, op cit p .. 77)~ 

These ore sho~ schematically in figure 10 in the context of tha strain 

ellipsoid PE.""'taining to a right lateral (clockwise) couple. 

The term en echelon refers to the arrangements of structures along a 

zone so that near the tenn.i.nation of individual folds or faul t.s their 

placos .ire taken by parallel structures of the same kind but off-set 

either to the 1Bft or right-handed (Campbell, 1958 ). The fold axes 

are gene:rally a1tgned at an angle of 30° to the wrench zone. Wrenching 

causos tYto sets or intersecting neal"-vertical conjugate strike-slip 

fr&e;tures to for:n in a predictable orientation aloi1g a ~Tench zone. 

Ola sp.t (e-c1
) s ... ,btsnds a small angle of between 10° and 30° with the 

striks of the rufilr, .:.Tench 7..ons whE?reas the uther sst (0-0
1

) $Ubtends 
0 

an angle of 70 -~ 90 • These conjugate fracturas can be erl ther joints 

or 'fault-:. or bc~h. depsnd:ir;g on the magni tuds nf w:rBncfJ.ng. The acute 

angle of intarse!.:t:ton of the fracture sets :i.s usually in the rar1ge of 
0 

60 - 70 , and ti1:.s is birJccted by Lhe d:i.r'3ctinn of m;:..ximum compression 

( E3-:8J. j e 

l ' --~ 
The G-G fr2c'a;r·es ara ref9rred to es synthstic, since the 

sense /35 ••• 
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sense of displacement on them is in the sama dir·ect:ion as that on the 

main wrench fault, while the D-D1 fractures are called entithetic. 

Tha phyoical constraintl:$ amplaced on en echelon synthetic faults in a 

right lateral wrench system ara such that these faults can only over­

lap in a left-handed manner, and local compression operate in areas 

of overlap betwe'311 the synthetic faults even if the lateral offsets on 

them are small. 

Curved fault tre.ces are common features; the cu:rvl'lture in iJoth plan 

and cross-sectional view is caused by the rotation of the principal 

direction of stress. Wrenching produces extemfll (regional) rota­

tional deformation; \\'edging on the conjugate shears produces inter-

nal rotational deformation. The counte!'-rotation of internal and 

external forces on synthetic faults result.;; in their traces bclng es-
1 

Hentially straight. The rotation of antithetic faults - ofter wrong-

ly referred to as "drag" - provides en invaluable clue to the sense of 

displacement on a main wrench zone. 

Tension faults develop parallel to the short axis (s-s1 ) of the strain 

ellipse. En echelon tension fractures may form along a wrBn,:;'1 zona 

d.urlng the initi.al stage of deformation, they form at an angle of 
Q 

45-47 to the shear plane and are rotc:1ted during wrench moveml:lnt to an 

angle of 60° (de Sitter, 1959, p. 172). They are easily destroyed as 

wrench displacemant incroases and compressive structures became pre­

dominant. 

A similar cmnjugate fe.ul t pattern, wedging and external fault rotation 

are po:isible when rocks are subjected to straight external co;ipression 

(Hornsayt 156?, p. 60) which rosult in pura shears (Thomas, 1SrJ4, p. 1312). 

Wrenching~ h:iwevar, else produces external rotational deformation which, 

unlike pure she~T', ge1nerally is restricted to a straight wronch zone 

parallel to the rn~wpla and ta the adgas of .noving crustal blocks. 

( 
BJI -, ' - "'I OJ,... 8.,) ,u . .J..COX et: a.1., -1 .:f ..:, , P • :;. ~ 

l\,bvemimt of crusb,u. blocks n:;.:.y be parallel, cm1vergent or clivargent in 

Convergent rnover:,611t will anho.nce 

compressive /36 ••• 



compressive fGatu~s such as rolds, reverse faulting a~d thnisting. 

Tha fonnation of tensional structures, mainly normal faults, is typi-

C-"']. of divergent wrenching (Wilcox et al, 1973, p. 89). These inves-

tigaturs state (p. 91-) that "an important result of divergsnt wrenching 

is an overlay of extensional block faulting on the simple (pnra.llRl) 

wre.nch pE:lttem'' and that "grabans form in preference to horsts and 

naarly all fractures have a tendency to devalop into high angle nC!rrnal 

faults w:i th oblique slip". 

When subjected b:i stress, anisotropies in basement result in faults 

with th& same orientation being propagated upward into the overlying 

sedimentary succession {Yeats, 19?3, p. 128). Anisotropies in base­

ment which R:ra orientated parallel to the B-8
1 

direction, i.e. nonnal 

to the fold axis, v.ould propagate upward as extension fractures or, un­

der conditions of grae.ter overburden load: as normal faults. 

In a parallel wrench system basement anisotrnpies which are parallel 

tc, the rotating couple would propagate upward as strike-slip faults. 

Anisotropies that are normal to the axis of compression wuld result 
1 

in thrust faults in the A-A direction which is parallel to the 

thriaretical fold axis. 

SYNTHESIS OF MESOZOIC TECTC'NICS 

Aegtonal maps of four Sl'i!ismic reflector horiwns ( D,C,A and 11) show 

the pr21;;e."!t:t1 of tv.o main t;;;,:::mnic stages in the Mesozoic sequence en 

the AgLJ.has Bank • ThesB ats.gas can be referred to as early and late 

Mesozoic in reference to horizon C and they are discussed below. 

Early Mesozoic Tectonic Stage 

Cha.re.c tcris ti cs -
The aarly Meso?.Dic tectonic stage - observad in th1:1 vertical sequence 

between seismic refl~:;to:r horizons C and D - is cii1::1.rae :erised by the 

presspcs of A. l,;;1rga .,umbr::r uf steeply-dipping nornial faults which give 

rise to thB archer: [ llursts) and basins .(gi.'absr1s) des~J:"~~d t'3fore. 

u 1-,., r.i8.!1)' s .. • • • 
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Many of these faults, basins and arches are arcuata in plan and are 

concave 1D the SOLi th-west ( the Plettenbarg and Garntoos faults, the 

e:;;;es cf the Infc.nta, St. Francis and Recife arches Wld the basins 

flanking these arches). The faults generally have rDv.nward dis­

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

The arcuate nature of the early Mesozoic tectonic grain appears 1D ba 

a function, firstly, of the distance from the Ag-.. '.lhas fracture zone, 

which strikes roughJy N 50° E and, secondly, of the tecmnic grain of 

the Cape fold belt in the ca1tral and eastern parts of the Agulhas 

Bank. Faul ts which generally strike roughly east-v.-est onsho:re and 

close inshore - such as ttose along the margins of the Riversdale, 

· OJdtshoom, George, Gamtoos Cretaceous basins, the SJperior and 

Plettenberg faults, and the ones parallel 1D the Infanta arch in 

the west - veer round progressively in a clockwise direction when 

followed 1D the east. This change in strike is particularly notica-
.,, 

ble in the central and eastern secmrs of the Agulhas Bank, and pal'\-

ticularly within 50 km of the Agulhas fracture zone, where the Mesozoic 

tectonic grP.in strikes roughly north-south. 

Nonnal faults which have straight traces and which strike roughly 
0 

N50 W are present in the Algoa basin and may wall have gone unde-

tected elsewhere. This direction is parallel to the axes of the 

Agulhas arch and Bredasdorp basin. The \\brcester fault in the Swel-

lendam- 1/tircestar area has a similar orientation. 

A left-nand en echelon arrangement of normal faults seems to be shom -
by the $Jperior and Coega faults. Areas of overlap between en echelon 

fault segments are 

plss of these ara, 

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

marked by positive relief on basement level; 1::xam-

firstly, the basement high at the F-8/1. drill.site 

along the SJper:tor fault zone and, secondly, tha St. Croix Island 

basarnent high along the Coega Fault in the Alqoa. tasin,. 

!n the wes'tom sec , which includes large oa!'ts of ·the Brudasdorp 

basin ai;d ths A:,,11.i1,-:~LS 1:1.roh, the snrly Mesozoic t!'l":md u~ 50° w) inter­

sect~ the nor·th-.:::.::,.8t.a: ... :::..y directed Cm:ia fbld trmr.l at cl.most so0• 

l:.u-gt1 Ultt:d faul1: blc~ks r-ir~ virrually absent., 
~ ~ .. ~ 

'"''"' I .,.,)...,~ • • • 



Tnt, Hfrrrcm:sntiom::d i::hsracteristics of early Mesozoic tectr,n:.c:, ore can­

:;.:,Jdsr1:d tci tEI in ag::•9am~t witL right lateral •;,T'cnching t1n t:hFJ Agulhas 

t'ra.~ture zonri~ lt right lateral SPJ1SB of mov8ment is indicated inda-

pendsn'.::y by the ;,Jresence of laft,..,hand en echelr.n faults and by the 

progr1:msive clockwise curvaturs of faults. Wrench displacement is 

prefi:::r:rcd au n rno3Chanism aver pure shear becauss rotational deformc1tion 

rn, the Agulhas 83nk is confined to a linear zone about 50 krn \•,ids next 

Rotational deforrna:t."'i.on which is a response to 

!ain-pls :c:k~c1ring is therefore at a maximum at the edge of tha moving 

plate ratMr1r tha ... within it; this criterion ssrvEs to distinguish ba­

tw;::;5f, p;r,13 and simple she1:1.r (Thomas, 1974, p. 1312). 

The 8P.::li>,,wr~a:d: striking faults, such as the westerly segments of' the 

Gamtoo~1: Sup:,.~·io:r E'nd Plettenberg faults and tt10.se which bound the 

Riversdnlo md O.idtshoom basins, intersect the direction of ths Agulha.s 

fr£+c'l! ... :r·o zono e.t :c1n angle of about 40°. They are ell nr,x'lllal faults and 

sppoar to t'.urva tn a clockwise direction when traced e:astwards. They 

c1:1,.;ld 'Lf:2-r.:i:r·~itics.l.J.y t:s e:i.ther synthetic, antithe;tic or tension fo.ults. 

Ths p1:-otiL'i.L1iJ.ity th:1-t they are ar;ti thetic faults can be ruled t1ut becauser 

F.!S discussod aa.rlior, antithetic fauJ.ts tend t.o fonn at a,glos in excess 
CJ of 70 to the :ne.tn wrench zone. The east-west faults ere conside:ceu to 

ba ~::iynthet:i.c foul ts bacausn these have been shown to fonn at an acute 

engle -- genHrally le.s.s than 30° to the main wrench. Alternatively, 

and particularly .!:iinca th.::!)' are rotated, the oast-v."3st f;.ll.Jl ts can be re­

sard.3d n.!:: teresicn (ga.sh) fractures which are orientated parallel to the , 
sturt FLX.E,3 (g....,g""-) l!f the strain ellipsoid, i.e. parallel to the direction 

of me.xi,rt:l:· c;:,mpn!.3,,J.on. The roto.t:icn of the fa.ul ts is such that these 

east-i•1t::st f'eulto dS~;ume Bil almost north-south orientation near tha frac­

ture 7 ... rmor th1.s is in agreeme,t w1 th the views of de Sitter (1959, p. 172) 

and WilcDX t-it al {1973) who illustrate that theca fractures rotate during 

Continued \'i!"".'l/1'.::h !1T,\lfHT,sn t. 

T~iooretical ccnc:i.tbr.:Jt:1 or.s presentod earlier µuir.t tm•!,3rds thci dsvelop-­

rr:Pnt of c::mjugE1::s f:"'::>.,.:tur~;s Qr faults in such a manner that the axis of 
j 

rr:0:d mum co:.1prm:1.~·ic.in ( a-.s-) b:i.i;sc i::s the acute 3J'1gle between them. Th:ts 

b1nn,;; /39 ••• 
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being so, the unrotuted antithetic fault direct!un ([)..0
1

; C"_;ld be 

represented on th!:1 f\gulhas Bank by those f'e.ul ta which are :. ,T3llel to 

the axes of the .~1ulha.s arch a.nd Bredasdorp basin, and thr.-;n faults 

which generally 3trike N 50° w. 
orientation west of SwellendBITI. 

The v.brcester f'aul t has a r,imilar 

lhrotated tension or synthetic faults are parallel to the ens tr-west 

grain of the Cepa fold belt in the central part of the Agulhas Bruik; 

rotated trosion fa.ul ts and th8 unrotated antithetic fB1Jlts are paral­

lel to basement anisotropies in the eastern section of ths study area. 

The enisotropias within basement are caused by the pervasive ercuate 

cleavage, folds, f~ults and differences in competency of' pre-Mesozoic 

rock uni ts in the Cape fold belt and may well have enhanced the devel­

opment and controlled the orientation of Mesozoic faults in conjunction 

with the str,~sses outlined above, e.g. it was shown earlier that aniso­

tropies in basement which are orientated parallel u:, the max.imum com­

pression direction of the strain ellipse, muld propagate upward as 

extension fractures, or under conditions of greater overburden load, 

as nonnal faults. 

The early M8sozoic tectonic stylFJ is dominated by nonnal, tensional 

faulting. The absence of notable compressional features such as folds 

and reverse faults, indicates a divergent ~ch movement on the Agulhas 

fracture zone. Divergent wrenching, as illustrated by Wilcox et al 

(15'73, fig. 17), c.tppenrs -J.pplicable to the early Mesozoic on the Agulhas 

Bank, as it seems to have resulted in un overlay of exta.,sional block 

faulting on the simple wrench pattern and caused grabens to fnrm in pre-

Ference to horst:s, and nearly all fractures hA.ve a tendency to be hi.gh-

anglF3 normal faults near surface. An important aspect of curved no;:--mel 

Faul ting is that, al though movement: commenced during the initiation of' 

displacement along the wrench zone, subsequent displacement on them con­

tinued for as long as the southerly block (Falkland plate) moved parallel 

and past the northern cne (African plate). il-:CJ cessatton of significant 

faL!l t disple.cem8r1t at about horizon C could conceivE\bly be due u:, one of 

the follovr.!.ng n,."J.sons: 

(a) cessation of wrenc:1 1:1ovnment en th8 A(!Ulh:1s frHCture zone. This 

pmbabili ty /a.o ••• 
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prnbabi 1:1.ty is Gunsiciared to be unlikely unless the :i.ni tial 

spreading UY.is en the Agulhas Plateau became dormarr\: Ftt this 

time end thereby caused the F'alkland and African plE1tes to 

move in unison. 

(b) a change: t.•(i the Agulhas fre;(;ture zone to more divergent

wrenching, with or without a concommitc.nt shift in ths early

Mesozoic �p!Y::lading polo.

(c) restriction 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 thrCHJghgoing wrench fault

had developed.

Leta Mesozoic Tectonic Stage 

The late Mesozoic interval, herein regarded as comprising s.11 the Cre­

taceous sediments r:1.bove seismic reflector horizon C, is ror;resented by 

n seaward thickening wedge c,f sedimE>nt which was deposited in response 

to mild continual seaward tilting, and accompanied by limited draping 

of late Mesozoic sedirients over pre-existing topographic relief and by 

the reactivation of a li.mited number of nonnal faults. 

Dingle and Scrutton (1S'74) regard the Agulhas Bank area as a sheared 

Atlantic-type margin and note that a progressive seaward shift of the 

main depocentre had taken i-:-lace during the Cretaneous; this cbserva­

tion is confirmsd by the contin�al seaward tilt of the continental maI'-

gin during the late Mssowic tectonic staga. Simi.lar epeirnganic movs-

ments character:i.!':',a the late history af other Atlantic-type marg:i.ns (Dewey 

and Bird, 19?0; Slemp, 1971, 19?3). Dingle and Scrutton. (1974, fig. 3} 

stow that oct::o.ili::; crust had been craated sea�'n:r-d of the Agulhas marginal 

fracture wne by the mid-Cretaceous. It t'1P.::r-sfo:..-·s appsars reat,cnable to 

adopt the model prnposed by Dawe>' and Bird (19?u) to explain the subsi­

dence of the Agulhas Bank during the late Gretaceous; this l110del relabas 

continued subs::.donco to separetion of con tine, 1 �cil fraJments, the cr2atiun 

of new oceanic cmst, its cc:oltng a.r:d bacornir.g more dense, thus en.using 

progrr:issivi=i sub,�;.:tdanco of the edjoin1i1S! c;::inti1�fa1tal �ru.st.

It will /41 ••• 
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It will be demom:rtrated thi::1t, translated from sedimentation rates, sub­

sidence of tha Agulhas Bank during the le.ts Mesozoic tectonic phase de­

creased eY.ponentially with time and averaged 25 m per million years. 

Basin Classification 

peneral concepts 

Glaessner and Teichert (194?) present a comp:rehens1ve revi:~w of the de­

velopment of geosynclinaJ. theory and point out that the following three 

broad lines of study have besn followed in the past: 

1. the li thJgenetic approach, which involves the f.itudy of the sedi­

mentary filling of the geosyncline w.i th relatively little empha­

sis being placed on its structural t..:.story; 

2. the orogenetic approach, which is mainly concerned with the oro­

gcnic history of the geosyncline, without prbuny regard to its 

sedimentary filling; and 

3. the geotcctonic approach, which relates the tectonic bahaviour of 

geosynclines to that of other crustal uni ts. 

ClJe to the di ffcrcmt approaches -the dafini tion of the term "geosyncline" 

has undergone corr~sponding chages through the years. This state of 

flux exta..,ds to the present day, even with the development of nevi tech­

nique!: f'or stud)iing sarth features and although a better underste.nci:lng 

of thrae-dimensionaJ. relationships among rocks is obtcined from sub­

surface explorati.cn. 

1/iany new pri.nclples and concepts t1ave arisen from data obtained in geo­

physicr:i.1 studies of ocean basins end from abundant sub-surface de.ta ob-

tain~~ in oil ex~loration. Through the years this e.Ypendlng kno·,,ledge 

has st:i.m~latsd recon5ideretion of many goosynclinaJ. concepts end has 

resulted in the tf:::ive1opme.nt of frsr;synclinal cltissifications that are 

markedly dirferent in G:::!me resoscts from clas:-:!ca.l views. The histori-

cal development of t:hs ccnce;::t (if a geosyncline W:'JS examined by Knopf 

(1930j, who pointed out thtit Sttlle (1936) via::; a leader in l.n·oadening 
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the definition of ths term "geosyncline" to include any area which 

subsldes or iw.s subsided throug:1 long intarvals of tims. He plc1.ced 

no restriction on the term because of the type of sediments - marina 

or non-marine - and it was incid8f1tal to his classification whethar 

or not gaosynclinal deposits were subsequently folded. The term 

ortmgeosyncline, introduced by Stills, rafsrs to linear belts of 

tectonl.:; instability lying between more stable oceanic c.r continen­

tal blocks designated as cratons. Stille fl] ~o recognis.fJd intro.ca­

tonic sub.siding areas and termed these "paragsosyncline.s ". 

Kay (1944, 1947, 1951) recognised the above-mentioned two types of 

geosyncline but expanded the concept of a parageosynclins to include 

various types of subsiding areas within a craton ( exo-", auto, and z:eu-

gogaosynclin es). The z:eugogeosyncline receives its nediment frcm 

complementary cratonic uplifts to which :.t is yoked. Parageoe,ynclines 

di ffar from orthogeosynclinas in that the latter are located between 

cra'l:cms; depending on whether volcanism is associated with thei.r de­

velopment and on the magnituds (or intensity) of subsidence, orthogeo­

synclines are referred to ei thar as eugeosynclin9 .. ' or miogsosynclinss 

(less active, no volcanics). 

Many investigators have proposed classi ficutions of tsct.onic alaments; 

notable amongst them are Keunen f 1935) who introduced the term "inter­

montane troughs", Umbgrova (1947), and Bubnoff (1931), who recognised, 

amongst others, shield arsas, shelves, geosynclines and oce&,ic troughs 

and stated that shelf areas may be stable or mobile. More recently 

Weaks (1952) proposed a classification of SBci:1 mentary basins of ,•arious 

kinds, in which graben-type basins ara included as a variety that occur 

in stable regions. 

Cady (1950) e1nphasises the sequence of avents in geotectCJ;iic elerm:.1nts, 

as did Krynina (1951). Dewey 6.lld Bird (1970) exparid on t!-m classifi­

cation by Kay ( 1951) and relate the genes·~s of g-eosynclines to the 

hypothesis of plate tectonics. /Vi Atlantic-~ype continental margin is 

sho't\n to be cmnprised jJeally of a taphrogessyncl.tn;=; ii1 its lower part 

and of a miogeosynclins highm~ up. ThR plutF.1,··lec tcni.cs theory inspired 

KJ.emms /•~3 ••• 
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Klemme (1971, and in Halbcuty et al, 15\58) to propose a genetic classi­

fication of sedimentary basins; this classification also takes into 

account the geometry and chronologic evolution of these basins i3Tld their 

loco.tion in respect of the craton. 

Mesoz.otc Bf!si.ns of the Agulhas Bank 

The Mesozoic tectonic style on tha Agulhas 8Bnk allows for the study 

area to be classified as sheared Atlantic-typG continental margin 

(Dingle and Scrutton, 1974). As is the case with other Atlantic-

type margins it is charactorissd by the presence of a taphrngrosyn-

clina in its lower part and a miogeosynclins in its upper part. 01 

the Agulh3.s Bank the early Mesozoic tectonic stage is clea:rly charac­

terised by rift faulting, which gavs rise to taphrogeosynclines (grab en 

and hal f-grp.!..,an). In Klemme' s terminology tha early Mesozoic Bredas-

dorp, Pletmos, Garntoos and Algoa basins are of Type III (rif'LsJ. 

The late Mesozoic tectonic stage is characterisea by the presence of 

a miogsosyncline (iO.e1.~-:ie' s Type V basin) which extsnds beyond tha 

limits of the unfjerlying Type III basins. Dingla and Scrutton (1974) 

stats in the sar;1a context that, in ths study area, the early Mssozoic 

basins coalesceG during the late Mesozoic. 

SlRATIGRAPHY /411 ••• 
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STRATI GRAHN 

LIHOSTRA TI GRAPHIC FRAMEV,ORK 

Th9 li thostratigraphic framawork for the Mesozoic sediments inter'sected 

in boreholes on the Agulhas Bank is shown in figure 11. Where possible 

the existing terminology and nomenclature of the South African Mesozoic 

rocks have baen rf"tFtined; where not, new formations end reference 

stratotypes have been defined. The writer adopted sub-surface pro­

cedures as summarised by Krumbein and Sloss (1%3, p 71 - 91). Tha 

South African Stratigraphic Code· was adhered to throughout. All depths 

referred to in this thesis are below mean sea level. 

Basement 

Paleozoic Karoo and Cape Supergroup rocks, and the underlying, still 

older uni ts that Gutcrop in the Cape fold belt, constitute the floor of 

the Mesozoic sediments ''Jn the Agulhas Bank as in the southern Cape coas-

tal belt. These pre-Mesozoic rocks are collectively referred to herein-

after as basement. 

A marked unconfonni ty separates the Paleozo~ . ..:; and Mesozoic rocks in the 

southern Cape Prmlince (du Toit, op. cit. 1 p 373); this unconformity is 

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

present throughout ths study area. 

The identification of bm:iement in borel,.:ilae, on tha Agulhas Sank is rarG:1ft· 

l)'' cor.clusi ve when it is based solely on cuttings samplm~, cores or vr.ir:2.~-

line-Lig chara~tecistics. Similarly, parameters such as decr2asing 

drj lling penetrs.Uon rates, dm1111hole increases in sonic velocity, shale 

density anr.l rssisti v:i. ty are knov.ri not to provide tnfallible cri taria for 

distinguishing between br::1sGment rocks and the overlying Mesozoic succes--

sion. The sjngulnrly r.1ost wz:::iful approach of JdBnttr'y:ing tiassmer,t in 

borehole cuttings samples is petrogre;:,hy ( de Gw:p··dt nnd Ru1~Sfill, 1974). 

In particular thel.r c,b6,JJ:'vat:l.an that cleavng;:,~ in folded bassn,Bnt :n:1cks 

affects porpi1;;11vbJr.it•ts of chlorits 2J.ml muscavit~ suggests that ths 
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/- FORMATION MEMBER GENERAL DESCRIPTION 

Medium to light gr,y and greenish 

ALPHARD 
grey, fossilliferous, glauconitic 

.. clay and shale 

A 

~ SR-4 Lignitic sandstone 

SUNDAYS SR-3 Grey shale 

RIVER SR-2 Ugnitic sandstone 

• SR-I Grey Sh, thin Sst ne<Jr base 

0 
KIRKWOOD, red mudstone a shale 
INFANT A : grey, silty shale 
COLCHESTER:grey, shale 
SWARTkOPS: sandstone 
ENON : conglomerate 

FIGURE ff : Mesozoic lithostratigrophic 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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Paleozoic end older rocks had attai.nad grasnschist metamr.nphic facies 

prior to folding and their subsequent truncation by the unconfomi ty 

· .. :-uch sepurates these rocks from the overlying Maso.zuic rocks. /\11-

cillary petrographic criteria which may prova useful, particularly in 

the coa.rser Paleozoic elastics are the following (de Swardt, pers 

comm): sutured quartz grain contacts, fractures across grain bounda­

ries and laths of scrici ta which project acrons grain boundaries. 

The presence of stubby chlori ta or muscovi ta porphymblasts is charac­

teristic of ~ha Paleozoic slates, while a spaced"fractureti cleavage 

characterises the argilliteH of the Cape Supsrgroup, in contrast to the 

pervasive 11mineral" cleavage generally found in the Malmesbury meta.se­

diments. 

0, seismic reflection profiles the base of the Mesozoic .sedirnents is 

generally seen as a prominont reflector (horizon D), which also consti­

tutes acoust"ic basement. Parabolic diffraction patterns Dfter obscure 

this acoustic basement reflection; these emanate from point saurces :J!"I 

the uneven floor of the Mesozoic succession, particularly in structu­

rally complex areas. 

Ui tenhage Group 

The historical development of tho terminology and nomenclature of the 

Ui tsnhage Group in the Algoa basin has been summarised by Winter (1973 ). 

The tsrm Uitenhage Group ~as bean retained in the lithostratigraphic 

fromav.ork for tha Agulhas Bank, but certain mod:.:..fications a.rs introduced 

in the follov.ing discussion of the subdivision of the Grnup. 

Enor. Cunglo1:;or2-te Format-ion 

Tha type area cf' this fonnation is generally accepted to bl3 at the Ermn 

Missiorr, about F,IJ km due north of Port Eliza.bath. The untt consists 

of poorly sortsd 1 m1g1iL,'1r tn subrounded boulders end red, yellow and 

green sand.shme, anrl rsddish-,b::.-m·r, cle.ystonsi .,.,rd.ch £1.lso form inter­

beds in th8 ccnalome:r"ata. 

The pebb] RS cf t:hs Enon uansist l::1rgely of q.!.:.rtz.i. t:tc sandSk•n8 of the 

Ca;.,e /b,? ••• 
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Cape Supern-roup derivation; however Rigassi and Dixon (lgJO) and pr&­

viou.s investigators record the presence of pebbles dan.vsd from Ksroo 

t:lfld pre-Caps formations. The upper boundary or the unit was defined 

by Winter (1973) as the first massive conglomerate below the KirkMJod 

Formation. Tongues of ths Enon may be prasant in the Kirk\IDod. At 

the base of ths unit there is an unconf'orntl.ty which cuts across Karoo, 

Cape and pre-Cape rocks. 

The Enon For.nation post-dates the SUurbarg Group according to Hill 

(1g]2). Ws group of' pyruclastics and basalt outcrops along the nor-

thern rim of the Algoa basin and has been dated b}' the potassiunr-argon 

method at 162 m.y. (Ytlnter, lg]3). The relationship of the Enon con~ 

glomarata to the Aobberg Formation has been discussed by Aigassi and 

Dixon (lg]O) who assigned a J1Jrassic age to the latter. The Robbsrg 

Fomation overlies the Table ~untain quartzi ta unconfonnably and is 

cut by a smooth unconfonni ty at the base of the overlying Enon Conglome­

rate in the outcrop at the suggested type area at Robbery Peninsula near 

Plettenberg Bay. The unit, as defined, consists of silici fisci sandstone 

and conglomerate with tuffaceous shale beds in ths lower part. It ia 

however tn.Ja that hand specimens of the Rehberg Formation can easily be 

ccnfused with the Tabla Wountain quartzitic sandstone (Rigassi and Dixon, 

lgJO, p. 518) and that those features which are considered characteristic 

of the unit (silicific!:l.tion and lack of variegated shale) do not apply ta 

the reference stratotype of the fonnation at Caps St. Blaize (Leith, pars. 

com. ) • The unit is thus not readily distinguishable from the established 

formations of the Uitenhage Group and has consa•~ently not been incorpo­

rated tn the li thostratigraphic framework on the A.._qulhas Bank. 

In the type arna of tho unit, the Enon Conglomerate Fornmtion is thought 

to !'epressnt strnngly oxiuised alluvial-fan or piedmont depasits. Since 

deposi t:;_onGJ. anvironments do not cons ti tuts e. Vl.Rble part of li thostra+:i­

greptrie classification, the concept of tho E.,!:!11 Format:i.on has been sxtan­

ded in tl·11s theSis~ to include conglomerate whit;ll has an unoxidised, 

.... -~ ... 

Thts unit /48 ••• 
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This unit was h:l therto given the stat.us of an infonnal member of the 

Kirki~od Formatl.on ( Winter, 1973). It has since proved to be mappable 

in tha s•.Jb-fitJrfaca and is conseqi .. JBntly assigned formation stA.tus on the 

Agulhas Sank. A deta-1..led and sui tabla stratnlype doscription is not 

availabh~ frr;:r. the Swartkops borehole, who're it was first intersected 

in 190.9. For this reason a correlative of the unit, intersected in 

the G(b )-Gemsbok/1 borehole, is proposed herewith as the sub-surface 

stro.t.c.tyoe ( fig. 12). 

The unit consists of medium- to fine-grained, poorly sortsJ, a~gular 

to sub-angular sandstone and quartzi tic sandstone, intarbedded with 

subordinate brownish and dark-grey shale. The top of tha unit is 

taken at 3 255 m, ct the top of the first sandstone below the Infanta 

Shale Formation (discussed below); this contact can be selected with 

the aid of the gamma ray curve (deflecti1x1 towards sand line) in con·­

junction with changt,s in cuttings-sample charactsristics, and an abrupt 

increase in resistivity. The base of the unit could not be dafined, 

since tho D(b )-Gemsbok/1 borehole was stopped \\i thin it at a dgpth of 

3 938 m. It is suspected that towards the base tL~ Swartkops Fo?"-

mation may be transitional into either the Kirkwood Formation o.r the 

Enon Conglor;1err.te Formation, or alternatively, it may rest un,..~onforma­

bly on Palsozoic rocks. 

Colchester Shala Fonnation 

This unit is accon:Jed formation status by Rigassi snd Dixon (Eno) who 

describe the sub-surface stratatype from a cored intersection in t:-,e 

CO 1/67 borehoia in the Algoa basin as follows: grey shales wl th sub­

ordinate sHtstones and sandstcnes of marine--estuarina orig:i.n which in­

tarfinger ~ith the Kirkv..ood Formation. Win~er (1973) regards the sa~e 

unit so::, e.n infonnal rnsrnber of the Kirki'A:JOd Formal-ion and D8fines its 

top as that of a saqu"lnce containing grey shale beds e.xr,s9ding one ma­

ter in thickne.m; r:anr the base of the Kirk MJOd Formation. 

The tarn, Colchsst;;>r Forrration is retained in tha lithostret:i.graphic 

framc~mrk: fnr tho Agulhas 8fJ'1k by virtue ot" Higassi ri11d D:i.xon' s priori­

ty of dnte of p11~:Jic11t:i.on ,md of ths prnvBi, napoability of the unit in 

Rigas1=>i /50 ••• 
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Rigassi and Dixon (1970) tentatively corri3lab:1 an outlier at l<flysna 

with the Colchester Formation. The Jurassic beds in this outlier 

(Dingle, 1971) ho.vs been accorded fo:r,nation status and named the BrP.n-

ton Formation (tu Tait et al, in press). This unit outcrops along 

tha southern shorn of the Kysna lagoon and is composes of grsy shale 

and blue-J:r·ey Sdmfstone intarbeds with a marine micro fauna similar to 

those of the Colchester Formation (Rigassi end Dixon, 1970; Dingle, 

1971 ). Hc,wavar, a li thostratigraphic correlation of the Brenton For-

mation w1 th the 6..mda.ys River Formation is eq..tally credible. 

Kirkwod Fomation 

This nama was coined by Winter (1973) for thos sedime,ts which had pre­

viously bean referred to by the cumbersome and inappropriata tenn of 

Variegated Marls and \\bod Beds. The unit stratotype is present in 

outcrups near Kirk~ood, while the composite sub-surface referenca strn­

totype is found in the CO 1/6? and CO 2/70 boreholes in the Algoa basin. 

The unit is made up of redr:lish-bro'Ml, varlegatsd, silty muds tones with 

subordinate grey she.la and silty sand. The coarser elastics ar·a ra-

pr,;isented by reddish and yellow to whi ta and pale-grey sandstones; they 

are massive to crussbedded, commonly contain pebble stringers, clay 

pellets and -Possilizod plant material; they often grade upwards into 

siltstone and greenish-grey variegated shale. 

The upper boundary of the •mi t at its type area is defined as the uppe~ 

mast ruddish-bn:mn mudstone below the Sundays River Formation. In the 

Algoa basin th9 Kirkwood is generally balioved to ir.terfingar with the 

overlying Sundays River Formation as well as with the underlying Enon 

Canglomare.tE ( du Toi t, 1954). The unit also in terfingar~ w:i th the 

InfE1r1ta Format"."ion (discuss8d below) on the Agulhas Bank. At its type 

locality the Kirk·,,ond Fomation is assigned a si..:b-aerisl fluvia1 origin 1 

w1 th the c.oarser Glastics representing lantirnilar channel r:!epcsi ts 

(e..c. point b.:u;;). 

In far.ta Shale Fi::,r~a'tfra1 

< .... ·~ >• , •• 

This unit, /51 ••• 
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This unit, first recognised on the Agulhas Ban!<, occurs immediately be­

low the Sundeys River Formation in the G(b )-G1:.1msbok/l borehcle, where 

its sub-surface ~t.atotype is defined (fig. 12). It is present be-

tween 2 124 m and 3 255 m and consists predominantly of lighi:;...grey to 

medium-grey and occasionally dark-grey siltsttina, claystons and shale. 

It is very silty in parts Bild slightly calcarHous. 

The top of the unitf which corresponds to the beRe of the Sundays River 

Formation I is clearly apparent on wireline logs. Tha gamma curve de­

flects abruptly towards the shale lina at 2 124 m, while t:ie sonic and 

resistivity curves show abrupt increases and changes to lower amplitudes 

at this level. The base of the unit is taken at the top of the Swart-

kops Sandstone Formation at 3 256 m. The Infanta shale is homogenecus, 

poorly fossili fer.ous and predominantly argillacaour:; and is readily dis­

tinguishable frum the overlying sandy Sundays River Formation as wall as 

from the underlying Swartkops Sandstone. From dipmeter and sidewall 

core data the unit appears to be well stratified, particularly towards 

its base. 

The stratigraphic position of the Infanta Formation (below the SUndays 

River Formation) makes it a logical lateral facies eq..1ivalent =if ths 

Ki.rkwod and Colchester Formations, with which it may interfinger. 

The boundary between the Kirk\\Ood and Infante Fonnations is likely to be 

a gradational one and this intraformational boundary may be a somewhat 

arbitrary one bs.sed on the prE!dominance of ei thar reddish ( l<"irkv.ood) or 

gray [Infenta) li thologies. Repetitive alternations may be referred to 

as KirkY.{)od-Info.nta Fornation. 

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

tho poorly fossiliferuus and st~atified character indicate that the In­

fanta Formation was deposi tad in a low-energy environment, under limited 

marine influenca such as pr1=1vails in a lagr:on, estuary or epi-continantal 

sea (Picka:cd end High, 1972). 

SUndavs Riven· F,:n11ati~1n __ .......,---~,.~----
The type sectlrn~ of this fonnsti::m is in the cliffs on the bank of the 

S' .. mdays River /52 ••• 
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nmdays Riv8r- sc".'!e 4i1 km north to north-north-ee.sl:. [J F Port Elizabi:ith 

( iNin tcr 1 1973). 1,1 this outcrop it comprises ctsl Lfaic arid shallow ma·-

rins sedim:7,nts cor.si::;ting of g::ayi.sh-groenish-blueieh shnle and silt-

ston<1 wj tb in ter:Jedded and varying amounts of sandstone. Tho unit 

raE,ts con 1\n~ably to unconformubly on the underlying beds and may lo­

cally consi.i cute the basal part of the Uitenhage Group. The uppBr 

boundary of the untt could not be defined in the; Algoa basin, where 

thu formBtion is tn..111cdtsd by w, unconforrrri ty at the bass of tho 

Alsxandria. Formation. 

The earliest known attempt at li th .. <Jstratigraphi::: subdivision of thi:, 

&!ndays River Forr. .... tion wa.s by Rigassi (1970). Venter (1972) subdi­

vj.c\3b the sL1ccession in the CO 1/67 cored borehole and introduces the 

na·P;,.'3 f\mstsrdamhoek, Soetganosg, Addo and Vetmaak for informal members 

(du Toit st al, in prass). S:Lnc13 e_ great may of the characterist:lc 

featu.ces in the core of CO 1/6'7 cannot be rucopnised in cuttings sam­

ples of a mtary borehols nearby, thE.Sa subdivisions havs limited use 

on the Agulhas Sank. For this reason the following four---fold subd:i.vi·-

sion is proposed as a sub-surface referencs stratotypa for the Sundays 

Ai var Formation on the Agulhas Bank. (fig. 13) ~ 

8~1 fJember 

This, the lowennost unit of the Sundays River Formation, wns first 

recognised by t:he wri tar in the three boraholos on the Suµorior A 

structure, where i.t rests unconfonnab1y nn the Inft~'lta Fonnaliono 

It iE' comprised of medium- to dark- to bluGisf,..,grey shale with 

subordinate, thi.i, fine-grained, medium-to light-trey ~,andsto:ii,1 

towards the b,J.3f-l. Tha basal contact is taken at the defleG ti.on 

of th::; reBtstivity (higher) :md sonic (higher volocity) curve;2. at 

2 rns min G(A}-~A/2 (fig. 13). Tha dansi t.y 1 rP.sintivi ty and 

S.tJT1.::; V']loci ty curvE1S I'8V'38.l increases which suggest on ebrupt 

downh.Jl!l incre::'.£3 ir. thEi str,.t~ of i:ompact-ion of sad.imants ~.t thi.s 

depth, encl whic;h, tugEti·11:ir ~·,i-ch l+1e d.iplofJ, i.s .st:'!Jngly indicntivE.l 

t.n:i. L • 

/
(~1 ..__,....,. ... 



DEPTH 
BELOW 

GAMMA RAY 
LOG S p LOG INDUCTION 

• • LOG SONIC LOG 

FORMATION MEMBER 0 75 150 25 0 IO 190 SEA LEVEL ___ _.__ __ -1 L.....I 
140 90 40 

LITHO­
LOGY 

REMARKS 

ALPHARD 

SUNDAYS 

RIVER 

(melres) API UNITS (Mvl OHM-M 

906 
100<] 

SR-4 
1100 

,,.,._ sec/ft 

•."•....:... ..... : .. .>. •' 

Greenish-grey , fossilliferous, glaucontic clay and she le. 

unconformity 

Medium to coarse-grained, porous, sorted, angular to 
rounded, medium to light grey sandstone with lic;inite 

--- ---- 1176 
" 

'l------<'----+--+--f-+---+----------'l-----+-"--"--+------------------------1 ID 

SR-3 

SR-2 

SR-I 

,200 

13-00 

1400 

,5o0 

1600 

1648 

1700 1686 

1eoo 

C 

(.!) 

w 
__J 

0 
J: 
w 
a::: 
0 
ID 

..s 
(.!) 

- - Medium to dark grey shale with lignite 

-=-

-· .. ·\- .. ··: · .. •. :• -.-·-
'.....:...... . ..:.....-..:._ 
:~-:...::__· . 

Medium-grained, sorted, angular to rounded sandstone. 

Medium grey shale with thin limestone layers. 

unconformity 
. B . 

se1sm1c horizon C 

Medium to fine - grained lignilic sandstone. 

1899 ~ 1------'----+---l-1---'>---+-------i'----+--~.,---· -~----'j' ------------------------! 
0 
J: 
w 
a::: zooo o 

Medium to dark grey shale with subordinate sandstone. 

~;:·.··-~-

~--------+--------t-- 2036 IDl-----___.----+----1-+--C'1-----+--------...-----.,......,._,"""'"""~.,...,, ....... .,..,.,. ....... ......, unconformity 

INFANTA 
"-u 

Dark grey silty shale. 

FIGURE 13: Composite subsurface reference stratotype for the Sundays River Formation 

on the Agulhas Bank. 
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nrd is mor~ fossilif •. ,,n:um in its upper (shr:1l~) part. The os-:::--a.-

code Cyt,:1-im·dla so J;, ( .=l,obsrtson Research, lsr72) appears U"J be an 

index fotisil for· the ;,.ini t. which 8f1psa.rs to reprassnt a trans-

gressi vc rnarin,s, deposit. It may be co1·related with Rigassi' s 

lower sh.:D.e rnBmbar cr1d Venter 1 :3 Amsterdamhoek member. 

t1H-2 Memb B!' 

lli:i.a prmnin,::,nt sandy unit occurs in all three boreholes on 1:he 

Sliperior A structure. The sandstones ars medium to fine grRinsd, 

sorted, angular to sub rounded and !:;o:r:cwhc::t: shc:uy end medium to 

light grey in colour. Interberidsd ;::;uLordinats shales and mud-

stones ere medium to l:i.ght grey, 1:Jid l•GG1:tsionally bmmish gray. 

Th!3 lower boundary is taken at t:·1e bazB of a sandstone unit, 

which -1 • .::. also thB top 1:if the Sfl,.,l unit discus.sod above. Ths 

up11er· bc,:.m6:::,y is tak:r;n nt the -tn,.i of ths uppernost sa'1dstonE1, at 

The sonic and :.nosistiv:i ty curves are 

in conic velosi t./ B11d resi.stivi ty occura a.t its top, which he1·a 

coir:cidas with ssismic: n!flsctor horizon c. Detailed wirelins 

log carrelct-J.on between th,:::. thre8 boreholes on the Superior A 

st:n,cb.n·n is strongly ::aiugestive of the pnJssncs of an e:.gultu· 

unco:1fbrn1ity at the top 1Jf the 8r:l-·2 Member (see later). 

Tha sr:-2 ~:,~::!b:Jr in G( s }-.,\/2 oppm".I'H to havs been deposited as 

eith~r delte:\-f',-,mt .shGat, distributary mouth-bar o<" bar-finger 

sands. li£)ni tic material are generally 

rs;:u .. 2.;;sd by pyri t5. The SR-2 

Membsr is tentatively corrf~lul:E!d w.i.U-, the SoetganoEg member of' 

tho Sundays River Fom.;;.tiun in t;hf;j Algaa basin, 

811-3 Member 

The sub-su'!"fa._·.,J ::;tratatypa for the Sf,-3 Memb8r was intersected 

in th1:1 3(2}-D/l bo::: ~hcL, 1 ,·:h:rg ~ t occurs LmtwGdli de:plhs of 

1 176 ri"i ,;,r,;;: l 6.:.i8 m (fifJ, J/3). It c:onsiEts of mBdium- to dark-

~mrd /55 ••• 
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hard, bmvrii.::,h rJolnmi tic layers in the low~r part and a fair 

ammmt of fragmE.ntary lignite. It is putty-like when wet. 

At ii,;s upper bounda:ry the ~nit grades through siltstone into 

the sandstone of the overlying SR-4 Member. The lower boun­

da:ry is she.rply defined by Bn abn.Jpt increase in sonic veloci­

ty and shale resistivity, as well as by a shift of tha gamma 

ray curve tu the sand line; thi.s boundary corresponds ta seis­

mic reflecto.i:· horizon Ca 

A prominent sandy unit occurs approximately in the middle of 

the SA-3 Member in tha G(a)-8/1 borehole between depths of 

l 418 m and ] 531 m. This sandstone is clearly indicated by 

deflections of the gamma-ray and SP curves; it is meciillm 

grained, sorted, angular to rounded end contains ligni tic ma­

terial, 

SR-4 Member 

This unit consis1.s predominantly of sandstone and is present 

in the G(a)-8/1 wall between 900 m and 1 176 m. The sandstones 

are medium to coarse graim1d, porous, sorted, angular to roundsd, 

medium to light gray and occasionally light broVinish grey. L1.g­

ni te layers and thin mildly radio-ac-ti.ve layers are pre£ent. 

The interbedded clay-shale beds, which decrease in abundance Bnd 

thickness upwards in the succession, are medium grey, someti.mes 

broYK1ish-g:rey. The upper bounda:ry is selected on the basis of 

cuttings li tl1ology in conjunction with abrupt deflections of 

gamma-ray nnd s. P. curves towards the shale line. 

The lower boundary of the SR-4 Member with underlying shale or 

the sn..3 !/amber is graclational; the gradation occurs thrcugh a 

silts torn:: whir;h is present between 1 055 m and 1 176 m in G( a)­

B/L 

Ths presence of boun:.:'.ing end in i::rafoma:..j onal ~nconformi. ties 

mak3S it pcssi.bla thu t this pror:nsr.id :cef8rence stratotype of" the 

Sundays Ff. vm· F;:;n·,:,b_on may be brt6r:1d on tk'""i incom;:.,lete m,ccession. 

Alphard /56 ••• 
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This unit wns fi,,st named by Dingle (1973 b) and is present l.n most 

bornholas 0,1 tha Agulhas Bank. It comprises a succession of :.:m1"'t, 

ml3dium-grsy i:o oreani.sh-grey, plastic or putty-like clays, cla;'stones 

and sh:,]c[,, with subordinate thin limestones and sands. Characteris­

tics of the unit is the presence of fragmentary aragoni tic Inoceramus 

prisms. Ugni t::: is rare in the Alphard She.le i::ornation, in r;ontra:-.t 

to the Sundays River Formation. 

The sub-surface stratotype proposed is found in the G(a)-A/2 borehole 

(fig. 14) where the unit is present betwaan 5CJ7 m and 1 327 m. The 

upper boundary is taken at the base of tha lo.Yermost sandstone of ths 

Alexandria Formation (sea below). The base of the unit is taken at 

the top of ·'~i·ie SR-4 Member, or, if this sandy unit is not present (as 

is the case in G( a )-A/2) it is selec tsd on the basis of w:!.r<:1:i.ine log 

marker horizon 19. This wireline log marker is discussed below. 

The Alphard Formation is also characterised by a number of readily idsn·= 

ti fiable wireU.ne log markers which can be correlated with confidence 

between many bon3holes. The rnrst important of these are tho following 

(depths i11 G(a)-A/2 given): 

( a) Marker 11 : majo:r· increase in sonic velocity at 969 m; 

(b) Marker 16 Anomalously low sonic velocity and resistivity at 

1199 m; 
(c) Marker 17 u characteristic pe·;1k on the sonic and resistivity 

curves at l 212 m; and 

(d) Marker 19 : thin mildly radio-activ1:3 layer (gamma ray curvs) which 

is associated with a resistivity low at l 327 m. 

ThG ·l':irelina log char>.2.8t-:,;-:istics of W'lrkBr horizons 16 and 19 are consis­

tent with ths presance of thin, blGc!::F ,:;a1tiu~~c:oous shale bBds, frngrnents 

o-F wh:i.ch f,re pr=1:::,s~t .in cuttings sam~,lRG at r.:crrn,3ponding h,vRls. 

ThH mr,:orall ( .... £' 

·-"' i\lohe:rd shnle is ,._,,_. 
l_T I t> t:ran sgrsssi ve ma.ru1 c.: 
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FORMATION 

ALEXANDRIA 

ALPHARD 

SUNDAYS 
RIVER 

DEPTH GAMMA RAY s P. OG INDUCTION SONIC LOG 
BELOW LOG · · L LOG LIT HO-

REMARKS SEA LEVEL 1-0 __ __,_1~---'5 ...... o ~ 1-0 ___ •_.o _19_0 __ , ..... •o ___ 9._o ___ •o... LOGY 
(metres) A Pl UNITS (Mv) OHM-M .,4- sec/ft 

400 

507 

600 

700 

BOO 

900 

969 
1000 

1100 

1199 
1212 

1300 

1327 

1400 

1500 

· ·:· : .. _:_:;. Fine grained sandstone. 
., : ••• : • s 

.;._ . .:.....:....·-· 
Glaucomtic, fossllliferous green-grey clay 
Medium to coarse <;)l"ained sandstone. 

1----;:..-----l---+-1--l-----l-..,,..."---------IX,""""'......,.~-----"t ?unconformity 

Marker 

Soft, medium grey to greenish grey fossilliferous 

claystone and shale with subordinate thin 

- == - limestones and sandstones. lnoceramus prisms 

ore charactaristic of the unit. 

carbol'\Oceous black shale. 

unconformity 

Medium grey lign1tic shale. 

FIGURE 14 Subsurface stratotype of the Alphard Formation in the G{a)-A/2 
borehole on the Agulhas Bank. 
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The pnmanca of glauconi te indicates the existenta of an 

upen marina, sad:im!:lnt-.sb1rved basin on a fairly stable shelf. Tho 

Alphard Formr:.ticm is synonymous with tha Alphard Group ( Dingl~, 1873 b) 

and is Upper Cret::coous in age. 

Alexandria Formation 
-6r.-,!rM<-

The Tertiary strRta which occur in the southern coastal regions of the 

Cape Province in:;lude both continental and marine sediments. The 

thickest ond most extensive is a group of closely associated marina 

and f!eolian calcursni tes, commonly referred to as coastdl limestones 

(Ruddock, 1973). The name Alcxc:ndria Forrnation .i.s appli8d to marine 

deposits of Tertiary age (Ruddock, 1973). TI,e overlying presumed 

aaolian calcersnites are assigned a late Te:rt11:ny to f16cemt age end 

arn described as consolidated and semi-con.'5olidated dsposi ts. 

The marine and aeolian limestones in ths coaste.l b~l t westwards of 

Mos~;el Bay have in the past been referred to jointly and sommvhat 

loosely l:iS the Bredasdn?p Beds or Bredasdorp Formation. ~ies (1963) 

and di:? Villiers (1954) cor:sidar' them to be broe.dly Bqui.valent to the 

Ale;rnndrin Formaticn f:(.'ld older sands of the eastam Cape Provir-ce. 

Authors of ctand3rd text books {e.g. du Toit, 19=..t.i) havc:i ussd tha term 

/IJ.oxa.nd:-ia Formc: tion end Bredasdorp Formation ta embrace both marine 

and aeolian coastnl limestone of Tertiary age. Thn tarrrt Alexandria 

Series was used by Viybergh (1920) without definition. Haughton (1928, 

1939) employed it tu 8rnbraca both coastal limestone and continental de­

posits such c1.s sUcr,~te end ferricret:1::1, 

The coe.Bhil liniestonss o.!'1:1 dr,scribed ~I Rudcic.1r::k (1973) as follows: 

"thl, b~sal marin';] limestones range throwgr. corr•pact crystalline lime­

shmes in wh:i.cri li ttl~ r.1ore than frag-r,rnts of oysters survived through 

cori:pact g:r.tt-l:;y 1'.i.meston8s, nainly fr&.gmerii::s of sh81.ls to coarse, poruus 

loosely C8f:'i~nt•zc1 shel.ly friable rocks. Pebbles Md boulders, mainly 

of quartzite:, occur both as irregular d:if,r:-.ontinuous conglornm·ntcs e:1nd 

I·t t.s r.1bv:iou:; ·t:r.Jn1 {:he nbr..,ve ti F1.t practii:::al ci,.,.Pfic!..Jltie.s ara in\/olved 

ln securir.g /ED ••• 
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FORMATION 

ALEXANDRIA 

ALPHARD 

DEPTH GAMMA RAY 
S.P. LOG 

INDUCTION 
SONIC LOG BELOW LOG LOG LITHO-

UNIT 
LEVEL o 

75 150 25 0 10190 140 90 40 LOGY REMARKS 
SEA L......I 

_.. sec/ft (metres) 

100 

-200 

280 
300 

4 
-400 

435 

3 500 

2 
521 

I 600 
611 

700 

FIGURE 15 

A.P.1. UNITS (M•I OHM-M 

. 

~ 20 inch casing 

} \ t -··-:·.·.'.:J:C·.· Light greenish-grey, fossi lliferous, calcareous glauconit ic 
JI 

,=·: - cloy and subordinate siltstone, sandy limestone and marl. 

" -

{ > .. 

) .. .. ,.•, . ' Fine-very fine groined, well sorted sandstone Glauconi te ... . ~' .. . ...... fo_ssil fragments and forominifera ore abundant. .. :•.:. 
'? -

l ---------- - -_., - - Light to medium grey, fossilliferous calcareous cloy -
s ) -F ··· .. · ... Fine to coarse groined sandstone·, occasional amber pebbles. ' . ._• ·- ..... ·.? - - ·-·--~-- - - ,-

J \ - -
-

I - - Greenish-grey glauconit ic fossi lliferous cloy with 
-- inoceramus prisms. 

- -
-

- -

Subsurface reference stratotype of the Alexandria Formation in the 
F - D/ I borehole on the Agul has Bank. 
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60. 

in securing a CLherent li thr::;;;tratigraphic framework of Tertiary de-

posits in Pouth Africa. In ths absence of a. stra.totype which is 

defined in terms of the South Africnn Stratigrar,hic Cods the wri tar 

has elected tc; astablish a sub-surface reference stratotypa on tho 

Agulhas Bank i,1 the F-D/1 borehole and to ":refer to thsse sediments 

informally e1~ the Alexandria Formatior ( fig. 15). 

Tertiary Igneous nocks 

luffs, trachybasalt, aegirine-augita trachytes and aagirine-augita 

phonoli tic trachytes occur in the "Tertiary igneous province 11 on the 

Agulhos Bank (Dingle and Gentle, 1972). These rocks fonn thin dyke-

lets and plugs which sometimes protrude above the ocean floor tc, 

within a few meters of sea level in the western part of tile study 

area, where thi::y have been intersected iri Mesozoic sediments in the 

~A/1 wall. Thay have been radiometrically dated (Dingle end Gentle• 

1972) at 58 + 2,5 million years (Paleocene, c.ccording to Bergg-rcn, 

lg}l ). 

LITHOSTRA TI GRAPHIC CORRELATION 

The l:i. thostrali,grE:.phic framework which is presentEJd in the prf:ceding 

section was 1:.1p~•lied by the wri tar to all seventeen boreholes on the 

Agulha.s Bonk by employing a rnLJlti-disciplinary appru::ich, i.e. using 

lithc;logic, wirnline lag and seismic reflect:ton infomation. The 

fcllcwtng is a discusaion of the results of li thm.:~tratign:::phj_c corre­

lation in respm::t of each borehole, whi•.;h are presented in plate ':i 

snd table lL 

Boreholes in the Bradasciorp 8at::d11 

This borehole t,,os drilled ir, t!".e Sroda,sL!orp 8ssin in the viclni ty of 

and patc;hy qt t~1i•; lrn::ali ty i i.fJY'E,r1us 1u:kf; of Tm·tiary age a1°e 9roscnt 

in this ar~a (Lt.nnl1~ rn1d ,:;ent:~~As 19'72) 

8:..JI :::la.ys PJ.vsr /62 ••• 
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Fc~etic:r. I 1/e~ber 
U,it/ 
t.'.erker 

TAEI..E J:I 

~ESULTS OF STRATIGRAPHIC CORRELATION OF EIClAEHOl.ES ON T -IE AGL\.H".S BI\NK 

(all depths in metres below sea lovel) 

G(a)A/1 G(a)A/2 G(a)A/3 G(a)B/1 F-1 M'd/A/1 PB/A/1 G(e )c/1 
G(b) 

Gems::iok/1 E-.1 r,-A/1 F-9/1 F-D/1 E-8/1 f"-E/1 
H( b ) :;[ ':J) 

F:,,-•,..._ S:..':'."i~·:~-

bae~ t:/1 Ct:~·:./ l I -·-+-----------------------------------------------------------------... 
i; <.288 <308 <280 <3~.5 

••: 2il <.272 <273 426 <280 493 

t I '2. 8B: 393 3.30 459 397 495 521 

I 
r- 'le,ha,·,~ I r-. '"'". ·~-- -

I i ----+. ___ .,_j __ 1 ______ "o_2 ____ a_54 ____ 4_D7 _______________________ 53_~_J __ ---'---'----------556-------------------. 

'1 I JT1~'1 t..ti3 507 49() <.2BD 559 455 ? 631 <.315 <251 611 <215 :555 

I 
' 

8!:ti :x;9 ':177 467 1408 945 7S9 1261 1266 

I 11 1CYi 1212 11a2 6U7 J.,555 1166 11100 1476 

I, 1$ 1172 1327 1253 875 1349 1608 

<.371 '?:',C:S 

lCl:,l 

l.!217 

. t-~~--~---+----------------------------------------------------~~·-~~---~ 
i i :'tr·:: •1:.-s Tq 1172 1327 1253 905 2025 <167 1383 1122 361 <.237 453 1651 4Sl 6G2 l'i47 

Ii 
I c,;c~ SDS 1122 361 237 453 I. 
; '.:.~";-:'I 2172 l::?7 l~;c:u 1176 187 1401 741 1356 

1!57 

1611 

;--·-·-····--·--· ·····-·--''-----'---
j '(.'. "~<:··/~.:,d 

17:,5 

' I _,'Q ._ •' ,-, '1 l" 1_ .,. l 

j .~ f G,){:;:.;·~;kl':YS 1 1970 

16C6 16~4 2025 7454 

1E;99 1784 1648 2182 ?5511 

20]6 1923 

2330 2201 

2512 2444 <192 

3C!!)2 

2463 

1098 

779 

15-12 

1523 

2124 

32$ 

863 lOlB 

1~7 l286 

1157 

l376 

l.B91 

1789 

451 

893 

lCC.O 

1236 

1924 

21re 

2325 .J..- .... 1 

2112 

: •. t - I I ~ I 1::.n:r, - ·-~, ... --h· •, ... .........,.....,_. ,,_,,_ .. 
I : ~ . . _,-:cc·. :T [. . ' ~ 

·---+-------------------------------------------------------------·------
- . - • tj'::, .. .:; ~ ... ~.lEl .. ; 2022 
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4
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2B,O 

2433 

2448 

25,B 

3621 

23,B 
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28,0 

127,1 

26,B 
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1?04 

25,9 
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26,B 

3':1]8 

29,4 

2759 

s,,enite 
Z411 901 

33,5 

19'22 

34,1 

1341 

l9JO 

33,5 

2332 
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Sundays River Formation (237 - 396 m) 

The to:"ahola entered the sandy SR-4 ~!:ember of the Sundays River For­

m~ticr, belcw the 20-inch casing at 237 m and passed into the Infeinta 

grey siltstt;ns at 1 376 m indicating a m:tnirnurn thickness of 1 139 m 

for the fonnation as a whole (uncorrected for a regional dip of about 

3° ). Judging by the presence of Senonian sedirnsnts nearby (Dingle, 

1g;,o) it is thought possible that the base of thl'J Alphard Formation 

may be obticured by the 20 inch casing. The lithologic subdivisions 

and wirelino J.ag characteristics of the Sundays River Formation are 

idantical with those of the composite reference strata type in the 

G( a)-A/2 and G( a)-B/1 boreholes, so that this corTelatior: is presented 

with confidBnce. In particular the inflections of' the gamrna-ra.y S. P. 

and con:::luct:hr.L ty logs at 1 '376 m clearly mark the base of ths Sundays 

Ai.var Fcrn:ation. 

Infanta (1376 - 1391 m) and Coichsster (1891 - 2411 m) FonTiations 

The grey silststone and shale _with minor sand intarbeds betwse 1 376 m 

and 1 891 m are assigned to the Infanta Formation. The gra-y she.lf3 be-

tween 1 891 m and 2 411 m is correlatod with th!°' Colchester Formation; 

the bc;Li,,ci,ffy hetwer.n these two un:i ts is SHlected on the basis of in-

flections of thE1 c.oi1dur~tivi ty and sonic log curves. A core cut over 

the interval 2 3~ - 2 312 m confirmed the presence of thinly bedded to 

Jhassi va, c!urk-grsy fossili farous shale with irnprsssions of ammonites. 

Syen:i te (2411 - 2489.15 m) 

Tha boreho1Ei wa.s abandoned after ?8, 5 m had been drilled into a foyai tic 

syenit~, tnB top of which occurs at 2 411 m. This intrusive was dated 

by the pot2;::.Edun, ·- argon method at 59 :!: 3 5 5 rr,.y. (Rowsell; pers. comm.) 

and is r:learly c:Jrrelatable with the Tertiary ig,,aous suits. (Dingle 

ond " tl lCP'?) '""' • o.:;1]'1 8 I ,, ' <- • Dark greenis~gray aegerinc,i-i1ugi ts tr·achyte was 

interssct8d fft: V='1 rious dt'!pths below the 30-inc:h casing at 640 m; these 

pre:::.UHHJd intr-.,::;ivss u:.:"e c.1.a,:;rly ir.dic':'.tm.1 on the :;-srnma log by their 

t ( . ' ' heir high rasistivi ty circa 100 onrn;rn)~ anci on the sonic log by their 

hir;h v~lo'.:}:tty (c,..!. l:SU/ussc/Ft). 
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Seisrriic reflector h1·r:'Lzon C occurs at a d8f)th wh:!.ch n],osely corres­

ponds to the top of t!1E~ sr: .. r;rl.y, lignitlc SB--2 tlernbsr, thsraby conf':Ll:'­

ming the va.lidity c? the cD:r·rslatian, pBrticularly in rsspsct of the 

Sundays Rive!' Fn:'rnt{ti,Jn us a whole. 

Borehole E-1 

This borehole w;::s !J'rill~d near the northem rim of the Brsdasdorp ba­

sin. The fossili.~Rrr:ius, glnuconi tic, clayey Alph&.rd Formation is 

present between the 20-inch casing (315 m) anci the top of the Sundays 

River Formation a.t 2cil m. Seismic horizon A has been mapped from a 

depth corresponding to the base of the Alphard Formation at 395 m. 

The Su;,days River Formation (361 - 1 157rn) is notably sandy and 

strongly l:ignitic, except for ths SR-3 shale Member whj_ch, in con.iunc­

tion with seismic reflection t,;:;rlzon C at the top of the SR-2 Member, 

affords a confident correlation to the type section and to tha other 

boreholes. 

The Kirkv,nod Forrne.tion is present batwesn depths of l 157 m and 2 555 m. 

Se:i.amic reflection data indicate that ths contact with the SJndHys River 

is a marked unconformity and U1c1t the lowar boundary \v1.th cored inte::nse­

ly folded ar.d fractur'Hd basernemt may bs a faul tad one (CrtJus, pers. 

comm,). A notable foature of the l<'irkwood FormaUon in this borehole 

is the general lnci-; of sands un0 coarsur cJ.astics. 

This borehole was d:rillsd on a basement h::irst near the northern flank 

of t!1a Bredasdorp Basin J.3 km south-west of the E-1 borehole. 

The Alphard rora::1.tion is typicc.lly devalnped and is present between 

i~s argill~ceous nsture is clearly 

evident on th8 gnn1rn,';. =~og, and its p:."Sssn=:: is confirmed by the presence 

J.341 n,) is identical to its equiva-
.. ··~ 

lent in 

,-
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lunt in the E-1 borshola, particularly in respect of its ss.ndy; ligni­

tic. nature, thr3 presence of ths SR-3 shals end the position cf seismic 

roflsc1nr horizon C at the top of the SR-2 S611d. The Sundays River 

Formation rests unccnfo:::mably on highly indura.ted, homogenGous grey 

slate with rdcroi;;_;opic characteristics identical to those of BJkkeveld 

slates al though it could belong to other Paleozoic or older baser::2,nt 

rocks, The b8.S8 of the Sundays River Formati.on is marked by Eu1 

abrupt doM1hole deflection of the conductivi t;1 curve to highsr 

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

(90 ;u/sec/ft) values at this dspth. 

Borehols F-1 

The Alexandria Formation (288 - ffi9 m) and its subdivisions were:. idsn­

tified almost entirely from cuttings sampJ~s, since only the Induction 

und S.P. logs were recorded above the 13-3/B-inch casing depth of 920 m. 

The basal sandstone (unit 1) of tha fonnation contains a few pebbles 

set in e. matrix nf calcareous sand with yellow and ochre grains. The 

transition into tha underlying Alphard Fonnaticm at 559 m is ebrupt, 

The Alphard Formation (569 - 2 025 m) iG typically developed Hid con­

tains a conspicuous 50-m glauconi tic sand c:-md thin• brownish lirncstone 

layers below a dspth of 1 408 m, which marks the position of seismic 

horizon 11. Wiraline log marker 17 is correlated to the resistivity 

inversion at a depth cf 1 655 m, where an increase in sonic vsloci ty is 

evident from tho sonic log (fig. 16). A seismic reflector at t:ds 

depth has boen lo.belled and mapped as horizon Ai it is 370 m abov,. the 

be.Ge of the .t::.lp1',ar·.,.;:: tbrmation in the borehole and close to the top of 

Cenomnnion sed:Lrr:en ts. 

The Sundays River i-urmation (2 025 - 2 444 m) is idcmtifiea on the 

basis of its posi t-lon ,o.buve the Kirk\1.-::iod red shale anu is distinguished 

from ths overlyj ng /\gu}Jms Formation by virtuB of the overall s311dy 

nature of ti,a $l!r.:;eHsiur: below 2 025 m. Sei~,:.1ic horizon C, \\hich els&-

whers occur3 ne2:i: the to;= of tha 3;l-2 sandy l/cdllber1 was i:Jsntif:i.':ld n.t a 

depth of apprcx.kately 2 02!'1 m. This :Lr:1olic2ttes i:hat the SR--3 s.nc1 SR-4 

Members are absc:-rt, due to nnndeposi.t:ic)n (t,i:.,o later, fig. 19) in U1e F-1 

'borehole. The r.rintac:t bst·Neen the sp .... 1 :1.ncl ".)::\-~,'. t.,\ar,,!J::1rs in tho F-1 

borehole /65 ••• 
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borehol,;i ·l r, a gradational one emc.r is placed at the first dm'li"lhola 

appearanc8 of Cvtherella sp 1 (Robertson Research, op. cit.) at 

2 182 m1 on the ASsl.:mption that this ostracoda is an index fossil for 

tha St1-1 Member. 

Tha Kirkv.rJod Formation (2 444 - 2 523 m) may b,:, unconfoni,ably overlain 

by the SUndays River Fonnation, judging by an abrupt change in stTI.Jctu-

ral atti tudn at 2523 m. An alternative explonation may bs that the 

junction is a faultad one. The base of the Kirk\\Ood is selected en­

tirely on the basis of the presence of a grey-black slate :i.n cuttings 

BR.mples below 2 523 m; these slates show cleavage and chlori ts po~ 

phyroblasts which are indicative of folded basement rocks {de Swardt, 

pars. com.). 

Borehole F-Eil 

The subdivisions of tho Aloxandria Formation (258-55.5 m) are ident."ical 

to the reference. stratotype in tho F-D/1 borehole and are readily co!'­

relatabla to ths F-1 borehole. 

The Alphard Fon~ation (555 -1 924 m) is closoly comparable to its aqui-

valent in ths F-1 borehole. Seismic horizon 11 has been mapped at tha 

top of the 50-m sBndstone wltlch occurs below l 266 m; this horlzon is 

cornilatad with confidence ta the F-1 borsholF.1 and to others further 

afield on the b.;",sis of its charactert the pre!mnce of a well-sorted 

glauconitic sand and an increc1se in sonic velocity at 1 266 m (fig. 16j. 

Wiraline log marker horizon 17 and seismic horizon A is selQcted et a 

dBpth of 1 4'76 m on the basis of a peak on thr: sonic log Y.Jh:Lch ocCUl'S a 

fsw rnstres below n conspicuous low. A small cio~·.nhole increase in re-

sistivi ty is al~u evident at this level. The Alp hard Fun.,a. ticn is con-

sic[nrrJd to b .. :i pres:;:1·: t -1.::.c, n depth of l 924 m. 

The Swnday::i Fti.ve!' Fornrrtion (1 924 - 2 326 m) is characterised by its 

sandy ne.b..J!"e 1 ~hi8h i.s c~.early shown by the d11fL,::ctions nf the gamrna-ray 

curve to veJ. u,:.;.=.; las~. l:han 'J::i A. P. I. uni ts. :",s in tha noarby F-1 bore:t-

hol11, the b,,undar:i' between 1:hE:;: 8A-J. 1>1.nd 1'3R-? uni ts i.s arbitrarily cho~en. 

Seism.i.c /67 ••• 
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Seismic horizon C has been mopped c.t the top of the uppermost sand at 

1 924 fl. 

The grey silty shale be-:waan 2 326 m and 2 408 m is correlated with the 

Infanta Formation on the basis of its stratigraphic position below the 

S..mdays River Formation. A core cut at 2 404 m showed characteristics 

which are quite incon-ipatible with the correlation with the basement 

rocks below the Ki.r!<Y.Ood Formation in the F-1 oorehole. 

A noteYtOrthy aspect of detailed sonic-log correlations betwden th3 F-1 

and F-E/1 boreholes (fig. 16) is that, irrespective of which lithostra­

tigraphic uni ts are 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 e. dgpth of' 

2 025 m. This sonic log correlation indicates 

a) a mere 29-m difference of the thickness of the interval 

in the tY.O boreholes between marker horizon 17 and the 

correlatf.ld sonic log anomaly; and 

b) o possible angular unconformity may be present on the 

correlated sonic log mar'r<er; this unconfonni ty may 

el:i min ate 132 m of shale which is present only in 

F=E/1, above ths SR--2 Member, which lios directly under'-

neath the unconformity in F-1. Thi.s unconformable 1-e-

lation:;r,ip may hove significance as a trapping mechanism 

for th~ ge.s accumulation that was discovered in the SP..-2 

Member in the F-1 well. 

Boreholes on the Infc.-ite. Arch 

Thi1::; borehoJ.8 wes dr.D.18d un the southern flank of the Infanta arch. 

Tha li tholuyic:=>l ~'-r.!'Jdi vis:i.onu of ths Alexendr:i_':I. Farrnation in this bore­

hole constitute i:hci sub-sJrfaco ra-:-~a?"encE stratot1pe and was presented 
, . ( .~· ear .1.1. e:r rig. 15 J. 
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The Alphard Fonn:1tion (611 - 1 651 m) is typlcally developed, a;·!Ctipt 

for the sandstone which is elsewhere associated with marker horizon 

11 (1 26:'... m). It is questionable whether its absence is due to ero-

sion on e.n unconformity, faulting or non-deposition. Marker hor:i.zons 

1'7 (1 408 m) anc! J.9 (1 600 m) can be readily identified as deflections 

of the sonic curve and are both associated with mild radio-activity in­

dicated by gamma-ray peoks. 

The base of the Alphard Formation is placed at 1 651 m on the basis of 

the first dov.nhole appearance in cuttings samples of brov.nish-grsy, 

ligni tic shale and sandstone. This boundary may be ej. ther conformable 

or disconformable; seismic reflection and diplo~ data are inconclusive. 

The Sundays River Forma1..."'i.on (1 651 - l ?89 m) could not be correlated at 

the member level with any confidence; thF shales are light browntsh­

[JrBY and ligni tic and the thin subordinate sandstones are comprised of 

fine-grained quartzose grains, specked with glauconi ta. Mildly radio-

active layers are present in the lower part of the unit. 

Seismic horizon 11 was mapped at a depth of 1 261 m, horizon A at 1 651 m, 

while horizon D was recognised a short distance below the botb-'m uf the 

borehole. The baldness of the Infanta arch in respect of seismic hori­

zon C(pl. 2) serves to indicate that the Sundays River sediments in thi:; 

borehole. may be stratigY'BPhically ebove the SA-2 fl.amber. 

The succession between l ?89 m and 1 922 m consists of reddish-bro\m to 

brick-red shale and mudstone, and pebbly, light- to medium-grey, ltgnitic 

sandstone. The presence of the latter is clearly evident on the gamma­

ray curve in the upper part of the interval, ,,hich is correlated to the 

Kirkv.ood Formation; it contains intert:.eds of 8,on Conglomerate. 

Borehole G(a)-C/1 ~"""' ·--· 

The Alaxanurria F~1·mation (2.80 - Ll65 m) was id.;=,ntified almost entirely on 

the basis cf 

racardrn:i Qbove tho 

::=.flr'.'i,Jles, since n full srJt of wirsli11e logs was not 

HI:: 934 m; the lithological subdivisicns are 

identical tc. thr.;~-::: of thr~ type section :in tho F-0/l borehole, which is 
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located 18 ~-::n to the south-,west. 

The Alphard Forrrmtion (466-1 383 m) is identical to its co:"'!'elative 

in tho nearby F-D/1 bor"3hole, except that a 50-m calcareous, glaucon1-· 

tic sandstone is prr1sent below mark3r horizon 11 (945 m). f-brL~·JnS 

16 (1 163 m), 17 (1 166 rn) and 19 (1 349 m) are readily identifiable 

on wireline logs. 

The succession below the Alphard Formation i:!l lithological] y identical 

to its countorpart in the F-D/1 borehole and is made up of the Sundays 

River Formation (1 383 - i 523 m) and the Kirkv.ood Fonnation (1 523 -

1 662 m), which rests on quartzj_tic sandstone (b~sement) and contains 

thin conglorneratic layers (? Enon). 

Seismic horizon 11 was mapped from depth r,r· the similarly named wire­

:iine log marker at 945 m, horizon A at the base 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 readily identified in ccittings 

samples by its clayey, glauconi tic and fossiliferous natu:cG. The base 

of the unit is placed at the top of the first prcminant sandstone cincl 

the do'M1hole appearance of lignite. Wireline log markars 11, 17 w.d 

19 could not be identified in this borehole. 

The interval between 453 and 901 m is sandy and ligni tic in the upper 

part (453 - 611 m), and contains red shale with interbads of rnerHum­

grey sand3tone in the middle (611 - 776 m), and light-grey shale with 

subordinate sandstone in the lower part (?76 -· 901 m). The rerl beds 

in the middle p::.rt ers identical to those of the Kirkwood Fbrmati.on; 

by implication t.';::3 lowarrno::.t grey shale j_nterval may be correlated v,i th 

the Colchester Fonna.ticn, f.rnd ths overlying sandy l:i.gnitic unit to the 

The succeb'.:.'i.un belctv SD1 m cumpr.ts:J:s bc!:3f.3ntent quart;-::. tis sanJc,tuncs, 

phy1U tes ,JJ,d nJ.ai:.aG. 1;8is,n:i~ horizon /\ was tied into tha borohole 

at a dep i::h /'iu .•• 
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at a depth of 453 m find her-:l.wn D at 901 rn. Seismic horizon 11 is too 

shallow to be m~~psd in this area and in any svent, could not be iden­

t~fied in the borehole. 

Boreholes in the Pletmos Basin 

Ek>rehole MB/Afl 

The succession pmrntrated by the borehole is cha.racterised by the ab­

sence of grey she.ls and its c.orrelation is relatively straight-forward. 

In the upper part of the borehole (192 - 1 098 m) sandy red mudstones of 

the KirkYiOod Formation interfinger with Enon conglo~erate 1 which is de­

veloped between 1 098 and 1 273 m. 

9:Jrehole PB/A/1 

The Sundays River Formation (187 - 779 m) :l.s characterised by its ligni-

tic and ssndy nature. Tha top of the SR-2 Member is established mainly 

from the first dot>.nhole appearance of sandstone in the cuttings sa.mples 

snd fn;im the position of horizon C at fl.bout 454 m. The placing of th~ 

basa of the Sundays River is also based on cuttings samples characteris­

tics; the first do•M1hole appe;irance of red shale occurs at 779 m but this 

li thologic c11ange is not evident on wirelins logs. 

The Kirk,mod Formation (779 - 1 104 m) is underlain by grey shale with 

sandstono interbeds betweet: 1 1~ and 1 476 m; this interval is corre­

lated w:.'.th the Colchester Fonnation. 

Sandstones of tha Swartkops Forrnation (1 476 - 1 642 m) are interbedded 

with light-grey and brnw,ish-grey shale. Massiva Enon corialomerata was 

encountered st 1 642 - 1 759 m; it rests on highly fractured, cleaved, 

splintery, black br,sAment shale. 

. ., 
ThE.: [\~'.:.:x~ndr-;_-c, F..:,mr1tion (272 - SU"/ mJ ond its subdivisions e1·e ,~ecog-

nised on th,.:; ho::-d.:., of c 1_1ttings samples 

.. 
orH1 wir:~:ane loo· charactAristics; .. ~ . 

these /71 ••• 
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these ar·e :Identical to those of the type section in the F-D/1 horehole. 

,;,e type sections of the Alphard Formation and the SR-1 and SR-2 MembGrs 

of the Sundays ~ivsr Formation have already been desl~ribed ( fig. 13 ). 

The interval between the bass of the Alphfl.rd Formation (1 327 m) and 

seismic horizon C (1 686 m) consists essentially of lignitic clay and 

shale, with thin interbeds of brownish limsstone in tha lower part. 

It is correlu.b:id with the SR-3 Member of the Sundyas River Formation. 

The Infenta Fonnation (2 036 - 2 330 m) contains a notable number nf' 

thin, hard, calcite-cemsnted, fine-grained sandstone beds. Ths sandy 

nature of the Swartkops Fonnation (2 330 - 2 551 m) is demonstrated by 

doflactions of the gamrna-ray·curve to lower A.P.I. valuesj the abnor­

mally high resistivity Bssociatsd with these sandstones is probably 

attributable in part to the::t r low porosity e.ssociated wlth e clay•ey 

matrix and calcite cement. 

Banamant qusrtzi tJJs belol't' 2 3JO rn are characterised by higher veJ.oci­

ties (lee.s than 40.,u sec/ft on tho sonic log) than the Mesozoic ,,mdi­

mrn·ts A.bc,vR. 

. ' ,, 
Bo rehol a -~L~:.c.!-.£1. 

The Alaxar.dria Fonnatlon ( 271 - 463 m) is rear;iily identi fiabl9 in cut­

Ungs samples b}' its sendy nature, particularly of unit 1 (4r2 - 463 m). 

As in other boruholes, this sandstone has a notable gamma-ray rasponse 

towards ths shalu line(> 75 A.P.Lunits), which is indicative uP 111ild 

radio--acti vi ty. The shals of unit 2 stands out clearly on the sonic 

curve=> ( > ] 110 sec/ Ft). 

The Alph<n-iJ :=--m'i':~ tlon ( 463 - 1 172 m) is t)•pi_c:::.lly devdcped as a glauco­

rd tic, fossili fen:,;.1:: 1 green-grey ::ihala succsssion, within whioh wireline 

log r:iarker·· horizons 11 (854 m), 16 (1 043 m), 1'7 (1 (65 111) can ba ide311-

tif'ied by t~1eir r.:hucoctsristics a::: describsd in cha st.~atotypc borehule. 

this r.icpth / "? /' ~ ~ -... 
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this depth in cuttings sampl~;;. 

The EiJndays Pivar Fonnation (1 172 - 1 736 m) includes the SR-3 shale 

Member (1 1'72 - 1 557 m) which contains a fair amount of vitreous lig­

ni ta and thin brcmnish limestone in the lower part and silty sends tone 

near the middle. Seismic horizon C occurs at a depth of 1 557 m and 

is marked on the wireline log curves by abnipt deflections of the gamma 

curve (t.o lower A.P.I. values), sonic curve (to higher velocities), S.P. 

curve (indicator of sandsj and higher resistivity. These responses in­

dicate that the sandy SR-2 Member occurs between depths of 1 557 m and 

about 1 641 m. The SR-1 Member (1 641 1 736 rn) is typically deve-

loped as an upward-fining sequence with a medium- to fine-grained sand­

st.one at its base. 

The Infanta Formation (1 736 - 1 970 m) an:::.! Swartkops Sandstone (1 970 -

;:: 022 m) intervene between the Sundays River Forrr.ation ru1d basernL:nt 

quartzi ts (below 2 022 m). 

Borehole G(s)-A/3 

The Alexandria Formation ( 273 - 490 m) is identi f:i.ed solely on the basis 

of cuttings samples, as is the Alphard Fonnation ( 490 - 1 253 m), wi thiri 

which horizon 11 (977 m) can only be tentatively identified due t.o the 

lack of a complete set Of wireline logs above the 13-3/8-inch casing at 

984 m. The remainder of the succession is aJmost identical to its coun-

terparts in thg other tv.o boreholes on the Supsn1.or A structure, G(a)-A/1 

and G(a)-A/2; wl thin it, wireline log marker horizons 16 (1 128 m) end 

17 (1 142 m) ar8 readily identifiable. 

The contacts, lithologies and wireline log chPractaristics of t~8 SJndays 

River Formation (1 253 1 923), and its subdivision into 5~-3 (1 253 -

1 614 m) SR - 2 (1 611! 1 784 m) and SR-1 (1 784 - 1 923 m) correspond 

to 

to 

(2 

those in other boreholes 

the Infanta Forrna liun (1 

an - 2 433 /71). 

on the Suparior A structurej the same epplias 

923 - 2 201 m) am1 ths Swartkops Formation 

A s1Jrnrnary of the r.nrroluti.on between the abov,,-mentioned throe t,:.,raholGs 

is sh0'.'.f1 in figure 17. 

BClreh;;:,la /74 ••• 
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The: borshols entered tha Alphard Formation bslcw the 20-inch casing depth 

of" 280,2 ,,1, and it exte:1ds down to 906 m. Wiraline log marKt3rS 11 (467 mJ. 

l? (6CT7 m) and 19 (875 m) cm, be recognised and also correlated on seismic 

n,flection profiles to the type area in the G(a)-A/2 borehole. Tha SFl-3 

and SR-4 Men;bers of the &mdays Riv3r Formation in this borehole ha\/& been 

dsscribed already sines they consti b.Jts a subsurface stratotype on the 

Agulhas Bank. 

The succession below seismic horizon C (1 fi!',O m) 6fld abovs the Kirkvx1od 

red beds {2 512 m) is assigned to tha Sundays River Formation; if seis­

mic horizon C maintains its stratigraphic position, this unit ( l 64.S -

2 512 m) may be correlatGd with the GR-1 Member in ths stratotypc:1 wall. 

Seismic reflection profiles neF.'lr the G( a )-8/1 hornhole site (a. cr. fig. 6) 

~ggast that horiz.on C is an unconforrni ty 111hich truncates a portlon of 

the underlylng nuccss.sj on; a comoleta Sundays River sequence; irchidinq 

the SR-2 Member, may thar·efore sub-outc1op undt'lrneath horizrm C en tha 

flanks of the anticline on which this bon,ihols 1\/:-':S irillacl. 

The top of the Kirk\..ood Formation is marked in cuttings sample'.3 by the 

first doYKlhole Hppearance of red and brov.n shaly mur1stomis; it is claar-

ly di.scamat;lu on wirslin1::1 logs. Tho induct:lx,n nnd g2mma-roy curves snow 

abrupt daflecticns as v:Bll as do'IA1hols decreBses in the ampli tudn~ of ti"°",d 

deflacb.~:n~ ct.t this level. The occasional presancs of arey shaJ.a cu ~tinge 

frum the Ki:ck;\ocd Formation suggEJsts that this unit int;erfingers wi. th ·the 

Infant.a For111at:Lc,n. The grey shale of the Colchec-;ter FormatiDn prr.dorni- · 

nates below 3 082 m and is ligni tic in its lm;er part. Th8 ,Swa.rtk:ops 

Membel' is med8 up of a fj_ne-grained sandstone between 3 463 m and 3 fi2l rn; 

it is intarbr;ddmi with brmmish-reci shale. 

;'\ t this 1.C'./el in tho br~i·~nhol6 the sonic log ;_ s nc t 

m~1 rlcRr ;.-,.:.: 
• ·'< • _, I ·-~ l ,;;ic 1111 
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marker hori.zon 11 on ths basis of' an abnspt downhole incroasa in sonic 

velocity at this depth. Wirslina log marker hurizons 16, 17 and 19 

could not bo identified :f.n this borehole. 

The top of the Sundays River· Formation (1 122 - 2 124 m) is selected at 

the do\Wlhole eppaaranco of ligni tic sands tons btJlow the shaly .Alphard 

Formation. The &mdays River Formation is an upward ccart;wii11g se-

quenca above horizon Cat 1 556 m. The boundary between the SR-3 shale 

Member and SP.-4 sand Memf-)er is a gradational cne and is tentativaly 

plac~d at 1 401 m. 

As in G(a)-B/1, the succession below the unconformity on horizon C is 

truncated. The SR-2 sand is absent in the borenola and may well sub-

outcrop below horizon C towards tha north, whm'e a11 expanded stratigra­

phic section is present near the Plattanbery fault. 

The !nfmta and Swartkops Formations in the G(b )-Gemsbok/1 borehole con­

stitute the type sections and hava already berm discussed. ( fig. 12). 

The Alexandria Formation (385 - 546 m) h, enly tentatively identified be-· 

ceuse of excess:i V8 down hole cavings contun:_nation and larye borehole di'3.­

metar1 which ad\n~rsely affected the quality of the recorded wireline logs. 

The Alphard Fonno:L--i_on ( 54.G - 1 ?47 m) rests directly nn sGismic horizon C; 

within it markHY· hC1rizons 11 (1 051 m) and 17 (J 417 m) coulr.J be irlentifiec1 

using sonic log deflections. 

Below horizon C,, which is clearly evidBnt from ,ibrupt defler:tions of the 

sonic and gamma lugs, the succession is as foilows ( from tLs bnsa upward); 

Basement qua.rtzi te 

Enon conglorn8rats, with grey 
shale met:~x in c:ore no. l 

baluw 2 359 m 

2 3:36 

1 3t;.7 

2 359 m 

2 3:6 m 
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Borshols in thts Algoa Basin 

Ebrehole H( b )-HartebsestLl 

The wireline logs ars inconclusiva as a correlation tool throughout this 

borehole, lnrgely because they do not exhibit the characteristics of the 

succession in strototype boreholes. The Alphar~ ~ormation (371 - 062 m) 
is therefore identified on the basis of cuttin9s S9.."llples only, part:Lcular­

ly from the shaly succession above a sRndstnne (737 - 862 rn) in the lower 

part. This sandstone is capped by a highly rasist:!.ve thir. limestone and 

contains a number of thin ligni ta seams which are associated with mildly 

radio-active clay; it may be equated with thr:l sands which are associated 

elsewhere with marker horizon 11. 

The successie,n be:1twsen 862 m and 2 415 m is as follows ( from base upward): 

Metamorphic slates of basement 

Swartkops Sandstone Formation 

Ui tsn hags Grou1J 

below 2 382 m 

2 112 - 2 38:::.'. m 

8 62 - 2 382 m 

The Ui tenhaga Group is not correlated at th9 formation leval since sxcept 

for the Swartkops, the succemsion intersected has afini ties wi tn the S.m-

days River as well as tha Infanta and Colchester Formations. The grDup 

coarsens upwards; in the lower part it compn.sRs mainly well-bedded groy 

shale, while in the upper part sandstones predominate. The sue.cession 

contains fn1gments of lig:,i te throughout, a number of th:tn limestones at 

ths top of sandstone borliesi end numerous grey shale beds m. th macrofossils 

(me.inly gastmpcdn, biv3.lves and bslsrnr.itss). M impoY-tant observation, 

in terms of sadii1iet1'cmy ·b,c.b;:ini0s, is the pre::scnce of a m.m1ber of cyclo-

t:brarns. /\n indivldu;;1,l cyG:inberr: ep;::ia.::.::"s to comprise ths FDllowi.ng ( frnm 
' 

(o.) glEucanitic, fossili fnrous grey sha.ln; gr:-.,;,cling upw,3rd into 

(b) li1Jni tic ,;~my shal-:.! grading into 

(c) san:-'stom~, ,·,ntch ccmta.:.i..ns brownish-grey i::hAls and lignite 

tin a ,:c..s s sharp uppsr i;ori l.::.1.,:t, (,nd 

(d) thi -,, u:-1fu~;:;::;:i_-.ferousP f:ir.:w1rdsi-·:, microcystalline limestone, 

prob:i::ily of f-':r-a,,.h wEit8.,.. ::::r:ttJ:\.i:, 

Ec.:ch /?? ~ •• 

' 
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Es.ch cyclothBm is thought to ref] ect 1.:,termi ttent fe.ul t - induced .subst­

dencE:l of the Port Elizabeth half-grabcn within which the s1Jccession oc­

curs and to indicate filling of the grabsn at tha end of each cyclothsm. 

It is considBr8d advisable to :'8fer to thasa wndi fferentiated Ui ten hags 

Grm.1p sediments as ths Hartebee1:~t formation in an informal ma;,ner. 

Discussic.n of Results 

The r•,:irn1J.ts of the li tho.stratigraphic correlation of borehr:ilss on tha 

AgcJ.!1~,s 8:-,n~ ere ::iur:1rr1aci::r.::d in Table 11 (depths below 5€:la levBl), Tabla 

111 (th:i.nkn,3ases of w1:i.ts) and are portrayed on Plate 5. 

ThE', haso of the Alexandria Formdtion cannot be accurately dFfined in the 

G(b)-G.}rr:,:,bc,k/1 end G(b}-Q:Jringbd,/1 boreholes. It extends to depths 

gr:cm.tar than 5SO r1 below sec. levF,l in F-E/1 (£355 m), F-1 (559 m) and 

F···D/1 (r:ill m). ThF.1 r..;:;JicmEJl strike at j_ts base is nearly pa.rallBl to 

t.hr;: r,hol r break l'!t the 2.00-m isobath; the regional seaward dip wn.s cal­

culctt:::id using sea f'loor data ( mr,gle, 1970) and is less than 2°. 

The minir,,urn thlcl,:n1:,;.3.s of the Alexandria Fcnnation could be CftlcuJ.ated in 

nine; b::rdmles. ThB greatest thicknesses internected are in F-E./1 (21:n+m), 

Gorn;::ilets intBrscctions of the lowannC'ste bo subdivisions of ths Alexaridria 

Funri::.,t:i[;n were oi:Jtainsd in etght boreholss. Tha combined :::hickness of 

unit 1 Qnd unit 2 range between 160 m ( G( a)A-:3) and 70 m ( G( a.)G-1, while 

D1sr;onfnn:1ities. could be present in the Alaxancirla Formaticn. On s di sc~on-

ro:rml.ly is su:.;pected to be p1"•3Bsnt at tl-,d l:.uµ of unit 2, where abrupt 

chnr,ons in li tb:.ilogic a-id w:i. n;:ilina lop ch~,ra;:;+.:eri ,,ttcs are abssrved; nno­

t(,t1r may ~:.: prf..:,:ent towarris tho buss r f tha f.::mf! i.Lon, whsro W1 abrupt char,sB 

tc:J,;J~l place fro1r, ,;;rin1:i.c\c';.,-,-.t.J.t;.:;r (unj t 1) t:J dt:::i~ier wabiQ" (Alphard Forme..tionJ 

depositional r;,._,i:rnnm:1nts as indicni..!:ld by lit.:-:;·,lugic cho.r.:i.ctaristics. 

/\li]hard /79 ••• 
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TABLE III 

THICKNESSES OF MESOZOIC LITHOSmATIGRAPHIG U",Ti::.~ lit t30FiEl-iOLE8 ON TI-iE AG\JI.: ~\S BANK ---------------------·-••«.nr,"ftWai -II • 01 ;pc .................. ~.. A#...,,_. 

,-.( ' .' 'l 1_.\. }···d/ 

F,; ... ::.,,f:L 

Pt::H\/:L 

G( b }-Gemsbok/1 

E·-1 

f>-P,/1 

F-E/i 

H(::J }-!-:artsbes.st/1 
i 

281+ 

185+ 

323+ 

331+ 

297+ 

626+ 1 

1 455 

917 

£191+ 1 

46+ 

1 139+ 

202+ 

1 C'AO 

::::313+ 

1 369 

491+ 1 

600 

419 

55'2+ 

140 

002 

795 

4-48 

159 

89[1 

550 

250 

1 

570 

79 

9C6+ 

133 

493 

t315 

133 

381 158 

372 166 

1 132 682 

520 

82+ 

270 

175+ 

117 

'ls( b }-f?pdng::ick/1 l 161+ 13 

........ , .... , ___ . - .. ~-·· .. -1;-··-·-L~, . ...,_,_._~ .. ---------...... --------------------------------...-_l 
1 2[:l 

l 
689 
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Alphard Fnrmatio~ 

T1"le base of' the /\:i.;,hard Formation was intarsectsd in 14 boreholes at 

depths ranging from 361 m (E-1) to 2 025 m (F-1). In confarmnr.r.:13 with 

the regional dip of about 3° at the level of seismic horizon A(pL3), 

the deepest intcrse~tions were recorded in those boreholes which nra 

closest to the shelf break at the 2(0-m isobath (F-1 at 2 025 m F-D/1 

at l 651 m and F-E/1 at l 924 m). The Alpha!"d Formatj_on was intsrssc-

tad in all BYcept three boreholes; tYrO of these (PB/A/1 and MB/A/1) 

are close insf~rs ru1d in the third (D-A/1) the unit may be pressnt 

above the casing depth of 237 m. 

A complete intersection of the Alphard Fc;rmotion was made in seven bore-

hales on the Agulhas Bank. .The maximum thicknesses were recordact in 

F-1 (1 455 m); F-E/1 (1 369 m); F-D/1 (1 040 m), G(a)-c/1 (917 m) am; 

G(b)-~ringbok/1 (1 201 m); eli these boreholes Bra near the 200 m iso­

bath nnd the rssul ts confirm that the Alphard Formation is preseni.: on 

the Agulhas Bank as a ssaward-thickBning wedge of sediments. 

This is clEEirl.y shm,n in figure J.8, wh!::'rs the base of the unit occurs a 

shc,rt distance ( circa 100 m) below a prnminsnt reflector which coincides 

with mreline log rrtark0r horizon 17. This marker, in tum, occur!2l at 

the base of "' seaward prograding sat of reflectors which are stacked in 

!:uch a fashion that they occur at progressively higher strati.gre.phic 

leve2s in a seawa.rd direction. Marker horizon 11, which occurs within 

a con~-onnf!ble set of SBismlc reflectors close inshore, becomes part of a 

prcgre.c'J.ng sat ni' reflm;tors in a seaward dir8ci..""ion. Thsss two wiralins 

log markers v.d. thin tha AlphRrd Formation therefore have expression on 

ss-ismic r-2flection profiles; thsy cannot be used to formally subdivide 

the t\gulhes Formation sincA they may conceivably transgresF U thostrati-

The Alµhtn-·w Formst:E..on, on li tliologic char·,mter alone, is clearl;' trans-

g,Rss:i.vo in r2:5p:::c.:1; of underlying stratigrf;t;'Jh:i.,:-: units. In bon:1holes in 

the 8:.·eddSC:urp ,.:..i·H:I Plctrnos El:::sirw it rc::.tn n1\ i;hr>. Sund·.tys River Formation; 

in th::::se bcsins ~~is:r:ic h:L~'i?.on i\~ r:hj,-:;h is ur, approximation ta thE: base 

of Lb:;: Alphard F,Jt'rneticn, !:,a::urs c.t tr:t, b"l.sa :::if a c::mfo11r1abla set of 

···~ 

:reflectors /Ol ..• 
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cne enother and which comm!IJ!3 n a sh1,:r.·a.... 

Seiam:lc reflect"ion evidence :f 3 thsrafortl in agree­

"'"'; ,t w:U:h tha concopt of the Al;:hard Formation being a tra?1sgressivG 

unit. In the 8r'8dusdorp Basin, a herringbone effect is observed 

lcc8l1y ~ this is pn:iducad on seismic reflaction profiles by the att-1--

t .. uc:a of ur,J.Ff~ping r,,ubc:ropping reflectors which envelop hc:r.i.2011 A 

:ts clear s;;idenca in favour of an unc-.onformi ty towards the b11se of 

The tlmt th:! Alphard Formation rests on di ffarent members of the 

81..mdays Riv~r Formacion in boreholes :tn the Pletmos Basln and farther 

we:at dau::i n::it neca~-;arlJ.y imply erosion of uni ts at tha level. of its 

1::. thofacies varlat:i.ons within tha Sundays R:Lve:r For­

sffrJrds ctn equally plausible explanation for ttds phanomenon. 

I;. Fo:.··L Uizti.beth rmJ.f-'-graban the Alphard Formation rsE,t:·:3 unconfc,1-,.,, 

mGbly on t:11d1 ffe:.ryantiafa,d Ui t:anhage Group sodiments tn tha H(h )-Hr-,·,~;,,,....., 

t/~L b=:-:ra!10Jo and !.s the only place where a b.'3.sal send knm-.r. t.o 

tm present. The unc,':lti iD1"!11s.bl~ seismic horizon, termed t.op of 

•)C:f;l.ffS at thr, bass of r.l, Gtm f'ormablo seaward-thickening wedge of 

tc:r z~;1s; the unnnnft?rrrr:!.:ty :is onlapped by individual reflect·:n."r·:.; 

w:ithln the in R landward directon. 

Forrr::,,t;:i.an 

Th,:~ C~...;ncbyg F:t ,1,.;,r· Fcn;r!a.U.on was intersected in 15 of tha bo:re.holas en 

th,3 Bank, if the undifferentiu.ted Uitenhage Group sadi:nent~ in 

tha H(ti) H:u tsbs1::.1st/l are included in this formation. Oi<'.acgarding thl:s 

the th:i r:kast :intfirvalu wars recorded in the G(b )-· GemEhok/1 

(1 0[J2 m) A.nu (-;(:1}"8il (1 6(5 m) Walls in the central pad; Df the Plet-

IDOf.:l btJin 13:·1ci in Lh~~. O-A/1 nall (1 139+ m) :tn the 8rsdusdorp basin. 01 

the L'1 

of 

shown that the lowermost two 111embi=;:rs 

Ri\tffc Fw·:+d;:!nf'l r-,r'.3 ::1bsent; ths thin intersections in ths 

,''LJ-G/1 (140 m) are tharsfDrs not surprls:t~g. 

f!ivr;r Fr:nrat:.on wa,s rr.,t rmcountared cltJ.ss inshore in the MB/A/l 

t:r:~ /t)2,. •• 



GE.tlh:,t,,~•kil (2 124 m) bo::."aholes, and 

in bcrehDla U.~ 444 m). The 3.mdays 

H:i.\1>.31" Fcr,r::,L:Lcr. 2-tt::ins depths of bstw:mn 1 Gill m (G(a)A/1) 1:1r1d l sc,g r:1 

( rJ'(q)"-A/:?) ,.,, ti-.~, •u·,,,tr:nm (,,:.,~h-,'Cl~, •·;·!rt,~ of the f"·p·'"-'rio,... f"l 11 .._.,t·, thr.ise -.. ,.,_1, .. , r J "" '·'-· ·•''- ,, • .,.., i., ~ ...... ,....-1.#,"" '.J __ .. ..J C,111..,1 I;. '1--\Loll -

( :J.( "" 1-r: 11 • l 5'?3 ~ · _, l'""-D/1 ·"' '"7 , 9 .,., ) ···~ '-· J , .. ,, - '. .:;. "' an ... r· .• -~ ti '" • 

Ths bHSf? of th.,,. ,3,uncioys R:i var Fo:un;.c;tion has already been shDWil 1n be en 

w1co,,fon·:1:Lty along the nortlH,--rm flu.r,k c.f the Brsdasdorp basin in the 

vicini t}' of the &-,l, E~B/l mid i:;cs~.;ibly the F-1 boremles i slsewhGrs 

The 1.i.tliofe,:.:i es and bounda::"y relat:i.rmsh:tps of' the Sunde.ys River F'vt·rnation 

iJi\ thi) A;;u1h.::;::; E:ank must now be cliscuss13d. In tho Bredasdol'T,.) bc::lcin 

the1s0 relatinn,3hj_ps can bs dsmonstratad by rafarr.i.ng to boreholes E'·~l sr,ci 

In tho E-1 well ths SR-3 and SR-4 Member·s of th(; Sundays 

R:1, er Formation are boundsd by se;is:nic reflect.or horizons A (top) end C 

tn1:1se tw:, uni ts e,re not p··e.sant i11 F-1 due to dqmsi ticr:al th:i.n­

ning which :i.c;. shown by a .;:;m.;thaasterly set of progrnding reflecto:cs which 

n~,lap onto huriz.:in C. Ssismic horizt1n A was mapped at the levrJI of' '.\'irEi·-

li:is 1.'.:ig rnar!:::er 17; this rr.arknr horizon occur·s in F-1 at R depth of l 655 r:-1 

which is 45 m c1::ove chs to1 of the cer-mmanian mid 85 m abnvn th:2 top of' thB 

The Alphard Fomatir.m in F"~-1 extEfids d;;..;s;n to horizon G 

( tc>p Suno,:1y;:1 ~d.vErr) ot 2 D25 rn. 

the. t.op 

l;,ppt,?..J.rs that 

·, 
.Ls 

in F,-1 

Ai vm· Form a tian. the:nifore 

Tt,w /'r, 1:.: i l,~11 •• J It ... 
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Ale:c.onc1ria Formation 
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overlying units 

t 1000m 

-500m 

FIGURE 19 Stratigraphic correlation of the Sundays River 

and Alphard Formations between the E-1 and F-1 boreholes in 

the Bredasdorp Basin. Top of the SR- 2 Member ( seismic 

reflector horizon 1C1
) is used as horizontal datum plane . 
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FIGURE 20: Stratigraphic relationships of sediments in the G (a) B /I, 

G(b) Gemsbok/1 and G(b) Springbok boreholes in the Pletmos Basin. 

Seismic reflector horizon C is used as a horizontal plane of 

reference. 
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Ths SR-1 and GR-a2 Members of the Sundays H:!.Vfff' Fnrmc1.ticn coJ.lectlvaly 

i:"h1.ck8n in a southeasterly direction and rest uncr;nformnbly an the !"ad 

beds of the Kirkwood Formation in both E-1 and F-1. A hic"b •s is shown 

to bs pres!31lt on horizcn C by the sauthacistsrly directsci progrades. 

Ths above-mentioned relation5hips also pertain to the Sundays Riwr end 

Alphard Fonnations in the Pletmcs 8nsin ( fig. 20). In G( a)8/l and in 

G(b )~-Gi::l,nsbok/1 the top of' the SUndays Rivar For.nation is coincident 

with the h:ip of the l.mver Cretaceous and seismic horizon A, In G(b) 

~r:ingbr,k/1, h::iwevar, ha:~izon A coincides with the top of the Lower 

CrBtuc,::lDus and is 3CY7 m Bbove the ba5e of the Ali:.,ha1,:i Formation ( on 

hori2cn C at 1747 rn). A.Ei is the case iri tha f-':....1 borehole ln t~·1c 

Brufiasdor.p bflt,d n thB lowermost par.ti. on of the Alphard Forna tio:i extends 

intc- ·£hs Lower Cretacr:m:..:s in G(b )-Sprlngbok/1. The herringbone sff~ct 

clasm·ibD1j abuve .s.lso signi fie~ an unconfo::rnable relationship batw9en the 

':i.1nrJays Hivar and Alphard Formati.cns; this unconformity :;.__s overEte:ppad 

by pn\~1"!:IS:':'d.vely ymmgsr sed:tmsnts in a northwesterly direction. 

Ssi.s;-nic reflectD?:' hor.1.zan C has already been shm._n :o be !m ni,guletr un­

i.::-onfor:ni ty in G(b)-Eflringbok/1 where it rasts on the Infonta Formation 

nnd i.n G(b }·Gr::11.sbok/l, whE:?ra it ovarlies the SH-1 M3mber. Tt-a lower'-

mcr;t t-.-,'O mem!Jsrs of tha f.t.mdays River Formi:ttiorl erR tr.01.q;ht to be sepa­

ruted from tmderlying units by a., unconformi. ty which cuts s.c11Jss th,:ai 

K\rkwood (i.n G(a)-8/1) and Lrifanta Formations (in G(b)-Gemt::bok:/1 and 

[.;{ b } .. Sprin~~bok/1). Ths thinning of the SR-4 and $R-3 m.velc;::i e Ln wards 

G(b )-SprinGbok/1, md tha devolopment of a compound unccmfo:r-;ni ty on hoti-· 

z:::n C: 1 may be rrlal:ad to syn-sedimentary c.iisplacel"'lent en th\l' 8uper~or fuul;;r 

n-m un-:;un fe:i:,i"1ebls relationship of the S.1ndays Rivr~r Fol'mation to the Kirk-

1:--,:1;,d Fonna:d.on cr:infJicts with prese:ntly held views of the partii:il syn­

chrc,nui ty of the stratotypB sections of these t.~\O uni ts on land in the 

Alui:•\;;; bssi:--1 (r,1u Tait, l9S-.li; nigmrnir 1g:7;~; Wintar. 1973). 

Kirkwood l=".-:<<111at:;.on 
........... l'-,,..!l-.•·-....... -.,..-,,.....-_"'l'f"·~~-,:-•• ... ·-

(E-J und F"--1). ;'oo ••• 
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(E-1 and F-1), en t:r-::: In-:!'t.inta. 9.rth (r-D/1 n.rd G(n}-c/1) eJ1ci a.J .. t:H1fJ the 

northsm fJ.r,rk o-r' tr.a Platmos bs.s:ln (PB/A/1, MB/A/1 a~d G(a}··B/1), 

lr1a elevation of the bc:.ind,n1.ss cf tho K:l.rkv.ood Formation it; highly 

varie.~lo C.:ui:! to trn:i pr,1•..tal.Mca of fci.ulting· et its stratigrephic level 

sar,ca of a rnajLlr un::;~onfonni ty at 'the base of the ovsrl}'1.ng 9.Jndoys River 

Formati::m. Thl3 V!:lrying depths to the bp C!f t'1e unit ar<.:J shJ\;,n by the 

intsr.:-.Gct:lons in G(a.)-8/1 (2 512 m), F-1 (2 444 111), M8/,'!>.,/l (above 192 m), 

G(a)-G/l (1. S23 m) 1 E·-1 (1 157 m) Md F-0/1 (1 'i'BY m). TI,a maximum 

thlckn.Jss of th::: unit w9.s encountered in the E-1 borehole (1 499 m) in 

the G:r:;:,dasdorp basin. 

As previously said the Ki.rk\11.oOd Formation is separated from thu Gundsys 

Rivs:r :--~1!:--r;:.:ii.:~.r::-: ~_;y an unconforndty, and it rest.i;; confomiabJ.y on th& Gol­

r;hest(:,n' Formation in G(c:)-B/1 c:;nd PB/A/1 and en the 81on Cc,nglumar·atG :l.n 

MB/,"1/J., r:;nd ur:ci:.'nforn,ably on basornant in F-1, F-D/1, and G{a)., .. .c/1. The 

to.rkwoD'l !=mn·«:;tinn :lr,b3rfingers with the Enon Fomation in tha t:n,h/1 

h::imholP ,md wHh thr,, Infanta Fcmnation between G(a}-·B/1 and G(b)-Gems-, 

bok:/1 (f:ig. 2rJ) ana perhaps in G(a)-B/1 itself, where u !:.uborc.ti.•·1::ite 

amow·,t ~f ::;ray sha.13 was observ~d in cutt"ings samplas below tf-d Sundays 

Fti ver1 Fonne.t~on Ct 

ll::: In fer: l:f:t Furma t.iDn wu.s intsmectsd in seven i:lureholes on the /\g-ulh::i.s 

Bank. Likz tht::1 f:.:L,.~k·:.ood Formation its ~resent elevation is va:r1.af,le 

di.m to blnc:k-~i'a.ul Ung and its thickness is :i.11flue:1ced to a largB exh-nt 

by erosion or. tba overlying unco:if'ormi ties. ThE: maximum de;:; tt1 tD tho 

fop of the L<li.i.t 'NflS recorded in F-E/1 (2 326 mJ :in the Gt~edasdo:.-w;:i basin 

end tru: Q1'i.:,c:,t::!S t th:Ld::-:e.ss was intersected in t.he G(b )-Gemsbol-:/1 bore·· 

hol13 (1 1:i::i rri \ .~hei""EJ tho stratotyps i~ dBfined. 

The :Cnfo.nte: Fur;;.ntinn r.:iBts cc;;,'o:r,-.;a~ly en the Swfirt!<:nps Formation over 

th:;, Su;:rnd.cr :\ :'·1:rw~t.,.n-·1,s (G{a)-A/1, C(t;}~A/2 ~nd G(a)-A/:3j and in 

·.~ 'i''""=t,· C!J,-,.;;.' .•.. 1~,"~l·• c11· 0 +~,,.., r-~~.,-1 r--..-•rr,··,+-lo1·1 J.0 J' l,:,(b"j-..:...~ L:i.:;-J ... ~ .a I l,-~,1..:.11-1 ; .......... 1,...., c:., • ._i. ru ..... ,c:........ , :i~" 

Its gr,,y silty 

sha1ss /B7 ••• 

http:Gunos.ys
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she lea intarfinue:r with tht.:i l<irk ... iood Formation in the Pletrnos tia,:;in. 

ColehF.1si: !~"' Shele Forn:attnn 

The nrgy ;,'h1:1les cf the Colchester Formation occur ir. only threB bore­

holrn=i on thB A~Julhas Bank; the elavatinn of ots top ranges between 

3 Ci::!2 m (fr1 C(n.), .. 8/1) una 1 104 rn (in PS/A/l in th9 Pletrnos basin)~ Tho 

iliE.1xlrm ... m r~:;u:r1}ad thickness i::1 in the D-A/1 borehole ( 520 m). The col·~ 

ch::ster Forrnation is conforma'bly overlain by the Ki.rkv.ood Forrna.ticn and 

:ln turn rssts r:onformafJly on tha SwE'.rtkops Formation; these relation­

ships ;:-;r·e 2Lo~.,;--; in figur.1 20, which also shows that the Colchester is a 

tor·!Ji-18 r.1f tha lr.hnta Formation and that both are laterally equivalent 

tn tha Kirkv·Klf:;d Formatlon. 

Tho s2mf.ston,::,:c, of the Swartkoµs .Formaticn have besn inta:rEoctad in seven 

bDrErc1:i.i_:':o 1H1 t.i·;,:, ,\guU·as Sank and varies in thickness from oU2 m in the 

Gri-.LL-:;i:-:·,jr:b,'k/1
' •-,,,.,,,:rhr'lP- t·o 52 r·,·1 i'n G(a)-A/1. \ ..... -I ... ~ ........... , .., ..l. LJµ~ ... _. ,.;;..,J o ~ _,.. The top of the unit ranges 

in r:le;~1 th f'r ;:,iii 3 2EE m in. G ( t, )- Ge.r.isbok/1 to l 4?5 ,r, in PB/ A/1. 

tim·, with th'": InFf:I1ta Formation is conforina.lJle over the Superior A st:n.m~, 

it has a con" ormablE:: relationship with the 

Cr1Id,i::::::,tsr Fortnat:ior. in boreholes G(a)-B/1 and PB/A/1. The Swartkop5 . 

and ccr1fL1Y'i1,::bJ.y m1 Enon [,onglomerate in thl3 PS/ A/1 wall. It is ccncei-

vablr: that trin fSwm:·tkops For:r.ation may interfinger laterally with the 

Enon, Golc;i,:::.::b:11- u,i:J lnfanta Fo!"!Tlatinr.s. 

Enon C.:.,n.;;_,·101-:-:;;"'.J. '.:e wns Eme;,-;:..11Ytor~d in th!"ee bo reholss on ths P-crulhas Ba11k; 

i:hn t.:.alp 0.ist L1b:?.rSL':!Ci::ic,n of it:s uppla'Ji' contact ;,;as made in G(b)-·E4Jri,igbok/ 

The E.r.un 

It me.'/ .J.n~:erringar with the ov8rlying 
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CHRONOSTRATIGRAPHY 

General Statement 

The South Afrlca.1 Stratigraphic Cede defines a chronostratigrepl"'iic unit 

as a subtiivision of rock considered solely as the record of a specific 

intarval of t-lma. The baundcries of such units are defined by objec­

tive cri teriEt in thei:r- respective type areas; thaaa boundaries can be 

axhindsd gi:ios".''€:.,'Jh:lcally as criteria of time eqiiivalenca become availa­

ble sn:! thHt CJnly within the limits of accuracy imposed by physical or 

palenntol:og.ic cri terla. 

P.::il:.wntologic cr:t teria provide the most· successful means of worlr.l-v,ide 

ccJ:ccel.aticm of all ranks of Phanerozoic chronostratigrapmc uni ts; in 

fm::t, biochronology is commonly cited e.s tha only bads for establi­

shing opsrat1anal time-strati£jraphic bounda:rios (Krumbein and Sloss, 

l'.:63, p 41 ). 

Tha task of establishing a viable time-stratirJ?'aphic framev.ork for sa­

d:i.1r,::1nts in boreholes on the Agulhas Bank was initially performed by 

se1vice comr,mn:i.Ecs such as Paleolab ( G( a )-A/1) and Robertson Research 

Intarr.ationa1 (G(u)-A/2, G(a)-A/3, G{a)-8/1, MB/A/1, PB/A/1, F-1, 

A paleontclogic laboratory wes es­

tabJ.J.sheci i,-, E:oekor to study the boreholes that weirs drilled during 

197:.: fJi·d 1973 ~:..,ct to re-examine material from earlier walls.· Provi.­

ston was r,,,".-b fci!' both m:i..c~·::::ifaunal ( foramini feral and ostracodcl) and 

;:-d.cr'ti:"1.,ral tigotions, arid these were carried out under the di-

re1::tion c;f Mr. I.R. Mclachlan. The re-sporisibility of integrating 

sontulcir:;ic: rm,ul ts v.d th the broad seismic-stratigraphic frarria.vork 

rest,:d with th'3 wr'l tar up until the tirrte of writing. 

In a:~r.;0::-cian'.'.';a :v::..;:.h standard Dil-f.i sld pracl:::.c.:; most of the material 

sti.Hlied ca'.lln fT":'rr, ditch-cutting sar.p1es; sidewall end conventional 

hott.om-ht:lo cores wsre F:3ldc.m available for p:3.laontoJ..ogic studies in 

those boreholes wltl.:.:.:i 1 wera dri llFd prior to 1Yl2. It is common 

on ths /89. H 
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,:-,;-; thG (iGtsrmina.tion of th,1 f'irst do'M!ho].:i :=Jppse.::-"artce ( o;.::t:i.nctJ.on taps) 

of those mir;:rofaurm which h,w;, time-~ strat:i.g:::·a,.'"lh:ic si.gnificr-:.nca. Tha 

r onver;;:e is tn,1i:,i in respccl; microflor-u, which generally ran go upward 

:i.n t:hn ;;;b'2[:j_gr-e.;:-!'1ic c~lumn frr.irn their f:,_:rst evolutinnary appear·s.11ce 

0,Hflhol9 cuttings r::cmtaminc1.tion poses a ssrious 

µ:rc,blE<m in ths:; Cl::-tJ:2ni:lnatj_on of mic:rufloral basss; f01' this mason 

cert:;!! 2:"d si dawull r.nres are rnore vital for mlc:rofloral than micn::i-

Ot1 t1"1Ei /\;::!lhr.::~; EitH,k t) 10 Terti.ary end Upper C!'ets,:;em1a chronostrati­

fft'cl[:li·1y :1.s b,,:;;t,!d to e. J.o.i,•ga exts.'lt, if not entirely, on foraminifera; 

pa.rt:tr::, .. Jlc:.r 1:.rrrph~sis and irnporte.nce was atteched to planktonir: 

Sr::;·,;;1,~,ttl the l~ivt,2 uF the Ceno111anian, however, the microfr,unal content 

Sarne cmrP.le.tions in the Lawer Cretnr.;oous and 

older 1,,FK:tia1 .:.::. have btJe.n madl~ on the basis cif benthonic fore;mini fara, 

astrect:d8!=i. ar1d ndcruflu.cr1. 

fer l~d.!:: rcnson the ensueinfJ discussion draws liberally an re-

Tortiary 

A lcca1 ;;:::::nation Estoblished by Robsrtson Rascarch International (JCJ72) 

c,:.::r:prl.se·· l"rn.n' ;:Lnss ccnt:,::::.ning sediments of Middle and Uppar Eacsne agl:i 

(t:t-'J~,~r I\')~ it it:. b'",sed un -':he international classification proposed by 

801.li (' 11"'" \,. .. , .••• '-·'• 1 ( 1 QL'Ll) ,J..,_,U • .1 • Apart from the species lisb~d, an 

Glol:mrots.lis. crns'.,mta 

w•~ 31L~urutqlia ca~~ralis. 
--.: ...... ·:~.,-,__ .... _,-, --·-·-~-" ·.·.·-··· ,_,....,, .. .....,, 

'-~·· . 

http:O'1tr.?l'n:lnatj.on
http:ssriDl.JS
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TABLE IV 

GENERALIZE[) fHCROFI\UNAL ZDNt.TION OF l::'DGENF. SE0IME:NTS 

l'~-
Faunizona r ~--

! Gldio!'"atalia c:orroazulensis Zone 
1 Glob:i.ge:n:!.p~,is semiinvoluta Zona * 

Aga 

Upper Eocene 

-;~:~:=:2~~-~::es--ro-h_r1._· -Z-on-a------+------------ijl. 
~fiddle Eocene 

Orbilino:Lch;.5 beckmani Zorrn 

____ ___,_, ....... _,. . -~·----------~---
, 

.,.- Glob.::.[-;-,.:ra.osis semiinvwluta ... Globigera,::•sis indax 



Cc,mi1ar1:id to tho ctt111::·lying i.nb:irvHl, th:i.s sequence is characb:n":i.secl by 

a s•..J1idf"-·; ,H,bcti.or; ir, t! 16 numbers of planktonic fora~nini fara, which 

S,:rnci es used for dating include the 

Globoru-

~-. ~ -: •·· · · ·•· "·-·····--·---~,.-1'"' /r·•1 ·' ,... '·"1· 1 · ·t- Gl-i... .. t- 1 1· cf - , l ~~;'.;~:.:_;.'::~~,;.-.t,;:.,:.:;;."...:::.;~;;-:::'.::.:S::~-L~:1=,:;:;;,}-_~ a onga.,a, ~ro '-:..J. a • sur.u. a-

!L!..~:;:, GJ~-o~!="~~.::1 ~!:..::!::22bullo~des, Globorotal~locul_2s,uid8S1 

§!~.~.£.!~~~~.h~~-.E~.:f'·"'.!:1:!;;S.:'.::l!, Globorntalia cf. conipre~. An uncunfonr.ity 

i:::; LC,n.siu0,GC' tu ba prese..,t at: the top of the saqusnce sines, apart 

from the ror:!uct::1.cm of plank tonic species, thfise j s .c-in apparent Hb­

se1·,~,,,, ,:,f br:::111:, directly refsrrabla to the older part of Um Middle 

Eoc,]ne i:md upper pe.rt r::_1f the Lower Eoceno. 

Upper Cretaceous 

Ths ga;iers.l:i..~r?d Upper Gr8te.cscius biostratigraphic sv!Juivis:i.ons estn­

bJ:it,h,d 1-y Rnt,Grt.son flesse.rch are sho'Ml in Table V. 

tJ~r:-.!J:::: t:rict-1tii.:.::.t.n 
•,v!;t4--' ....... ,,p,. ....... ~__..,,<l' .... _·""l'T"I" 

Th:i.s j_ntar-va.l i::s chr.:ractarisad by the following calcareous benthonic 

Agg2.:.rtinating rora-

minifa:r'f::. in:Jur:k:: _Gnudryina. cf dividends ar,d ~vulinoides spp. The 

fEi\.lnt7.l elr;ii,"~nts r~t::~overscf from this inte.~val sra considt::11·ed to be i,1:.c;uf-

fi.r;j ontlv o.:1.agnn,,t:i.c to warrant a. more detailed subd:i.v1::>1on of tha "''aes-

iCanb '"cXJJ.neta ai1d Clr·IJritrU'C::;na 
-~-M-·~-:....,,,..,.,._,,,i,T· -·----""-'-'-".----~I"'-- -,P-.J-•-. ---

San tunian -/93 ••• 

--
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TAGLE V 

GENERALISED r.ucF~8FALJRA.L ZONATIC1N OF LJPPt:.11 CRETtCC:OLJS ~f'h--------------
SEDI!)ENTS IN OD:"iEH!lLES ON THE AG!JLH/1-8 8A~~K 

(after Robs:rtson ResEmrch, 1972) 

FAUN I ZONE AGE 
1 ·---~---. __ ,_, ·-... -...._,,.,..,....,._,_, __________ ~··t·,-"--~----·--...----; 

.~J1,t~~~~-~kadi3lphiar10-/Enl~tar:iina 

8r,:-1z:Ll-iru ~ .. ncrassata zonuls 

I spp. / i Maes trichtian 

i-.-·----- ~ 

r-·--·----
1 Glob\ itr..incana Hnneiana ( S. l. ) zonulo 

~~~-" ·------------~-
:i: 

Camp an i an 

Santonlan 

Glc,h.:-jtr.,uncanf1 car·B.nete1. zonule 

Lcwer Coniacian-

Upper Turonien 

http:linneia.na
http:l�'~::~chtJ.an
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T~,a :;;action as a ,'.Jhole is poorly fossiliferous. 

stems 1G7Tlaly fr;::,,n the species listed in Tabla V. 

The Santonien dating 

r!o c.lsfini tz m1i= 

O,i;mCO CT tr.~ exi~tsncs of Goniar,ian beds has bean found and it is possi­

bl:3 that tha Lipp;:;r Coniacian, at least, is absent. 

Th.:: upp~rr· boundary of this i;,,:;arval is marked by B . .strong influx of globo­

g.;;;iri.rn=; plb.nktonic fora.mini fera. ~ecimens of unquestionable .Praeg~ 

tn.1r·1c:i,;-fr1 ster.i he.ni do riot occur within this interval. A single specimen 
-.-;,1-..... i.,.~-.~,..._-"'I~..,,....._,......., 

nf fr:nsglct'.::!_E~~·~~a loeblichi recovered in G(a)-A/l. supports a lower 

Con.it:ci.c:m t.o younqs:r- Turnnian dating • 

. Lowar ltn"t,ni.an 
- ... ...,~~1,,:.'1.:0,-,i,.-+ .. ~..f:l.........-. 

Apart frcrn ,:hs :tnr:;oming of Praeglobotruncana steehani rare sp3:~irr.r:?ns of 

Glooutr·,1r.c,':'rn h11lvelica and Praeglobotruncuna turhinata are found in this 

lhl'l Gtc,r.M1a.ni,v1 int1::rval is generally clee<.:dy indicated in most borehoL;;:=i 

by ~;:..J.ii:,,:,n~. npp. and ~i:rolsctinata annectens and by a concomitant r.i9-

c:r·e:::.ss: 1.r: ths size of' Hedb~rqella. spp. Spi:rnlac~~.::.l ar:nsctens is first 

:rece,:rd1;., 10:l thin •;his zone and adds weight to ths belief that it is a .sig­

n:tfj GE"~-d:: rark!.=l'r i"ciE1sil for the Cenomanian. 

Lovr.:ir Cretaceous Jursss::i.c 

Tha ,,;.l.cre1;:::iAJei:nt..'"' loH.iCEi.l study of tha interval i..wtv.Gen the base of the 

Cenomar,i.s:~r: r:::r-::1 be.S8:"1t,iri'i:: .is bc::sed on foraminifEn'a• oetracodes and palyno­

The aeseff.b1,-1g9·;; recci'JBre;.d f:rurn each nf t:-ieso mic.rofossil groups 

r-:urthsrmore the 1ird ·:.:ed biblicgrnphy rel.sting to the 

comparisom, /9r-i. ~. 

http:PT.'e!;":;:lI'vuti.on
http:HedbBrqel1.EI
http:ltu�nd.an
http:stephF'.ni
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compe1.r:i.so.Hl wi !:h the;; Me.jut1ge basin (Mclagasy) a'1d w! th the Eur-apean 

typo soc tion:;. 

Up to now greater importance has bean attachaci to stratigraph1cal con­

clusions resulting from studies of ostracodes; thasa are consistent 

w::l,.th a three-fold subdivision of the interval below tha Cenomanian 

( tabla VI). 

1. Lowor c:retac.;eous (possibly Albian o:::- Barromian to 

Valanginian) 

2. Lower Cretaceous - Upper Jurassic (probably Valanginian 

to Portlendian). 

3. t.µpsr durassic or elder .. 

A fourth intr:srval is recognised locally upon ostracnde evidence alone 

and tha top of the unit is indicated by the f'irst downhole F,ppaarenc8S 

of the following \/alanginia.n forms i Naocythere cf ._L1i tonhag~!;!~, 

C-..rtheTelln. cf. ir:-.:1:oui yalva,, Arnph:icy,!:her..,.,r~f. tt,~~2.. and_ Rus_trocy­

theridea ch.,,-,n,.sni. 

Fore.mini feral assemblages nob9t.l -rom below the base of' the Cenom-3!1i@1 

e1P>o ouggest a Lower Crataceous-t.Jt,.::per Jurassic age since the ge:1sral 

rar,ges of the forms would be consistent wj th an overall Barrem:lan -

Portlandian dating. 1-bwever, it also appears that the fonns pressnt 

over the r::i1jar pecrt of the interval are more representative of znne D 

of tha succoss:it:..,1·1 r9c::orded in tho Majung3 basin by Espi lalie and 

Sig;:1.1 {196.1), w:-1ich v.ould imply e. df'..dng more :tn keeping with Valen­

ginia11 - Purtlen:::tLane 

It weiulr~ appear that the Lower CrG i;;aceous cannot be dated from foramini­

tha G,:nomanian - Alb:ian boundary Odnnot be racagnisad. 

:d3 a ~b.ute;d vian - Vo.langinian spscied, but, as Lenticu!t~1!!...Sf.. 

G. in t~,"' f\il;;_:lunqa basin, it ro.ngE:m from 8&:rrernian ~·-··--"'-~"--·--=-·-··-·= 

basin :Lt :1.s rcc1::1 rictcd Sigal (1953) i.e. 

Tha occurrence/96.e. 
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TABLE VI 

CCNER/\LISED ~,iICHOFALJNAL ZON/l.TICN OF THE LOWER CRETACEOUS AND JURASSIC 

SEDIMENTS ON THE AGULHAS BANK 

........ ..........._..~~ ..... ~~~~·-
FAUNIZm~E: 

OSTRASC'DS FDPJ\MINIFERA 

Isor,ythere~ Lenticulina 

sealensis nodosa 

I 

I 
AGE 

Lciwer Crsta.ceous I 
( Albi an or Bar:e-:-. t 
mi.an - Valang~ 

Luwer Cretaceous/ 

Lpper Jurassic 

( Val anginian -
Portlandian) 

i---,.." .. "•··~----. ··--1 -· I £v~All~_g f_. in~~~ I 
·------"'!--------·~ l lpper Jurassic or ! 

I g~r~~2:,al~} .. l.~.S:£~ I 
I ·- -m·m,1<.1:.1,···· .... --·,-·--~-· 

I older ··- -· _,J 
.. -·~ .. 



Tho occurrence cf presumed reworked _G'pistomlna spp. in the i...pper Cro­

taoeous of the G(a)-8/1 borehole provides support for the suggestion 

that the uppermost Lower Cretaceous has bean eroded away. 

PB.lynological studies undBrtRken by i=lobsrtson Research suggest that 

tho lar'ger portion of the Lower Cretaceous - JLlrassic sequence is no 

younger than Aptim1 and no older than Bajocian, o.:id in certain caso:. 

may even ba restrirtgd to the Lower Cretace-aus. 

Chronostral;igraphic Correlatian 

The suggested chronostratigraphic correlations of' the succession inter­

sected in boreholes on the A_gulhas Bank ara show, in table VII, which 

was compiled by the author from information contained in varlc_;us reports 

by Robertson Re!i',Oat:'Ch International and by f:1oeko:- paloontoloCTi:::;tz. Tr . .:. 

praliminary natu;:--s ( " F' , ' the'.;;e r.:1sul ts mu!:it be .stressed j a critic al review 

of the cnastel and offshore 1/aso:roic l:d.c,El::re1.tigraphy is et DX'HSG,nt in 

pron:r·1:t:;,s in Soekor' s paleorrrological J rc:bo:ratory. 

The U:ickr.esses of three major groupings of chronostratigraphic uni ts are 

sh\\fl in Table lflII, which was compiled from information contained in tablo 

VII, supplemantnr.i were possible by table II. The following is a ~risf 

discussion .. ,f the results shown in tables VII and VIII. 

Tert:i.t1ry 

Sedimer•ts dater: t:B Tertiary -· more s;:;eci fically Pfl.loocene and Eocona -

Wt:i:re ~:mcountered in 10 boreholes on the Agulh9s Bank. The maximum :::lopHc 

fa ti-:c:' b':'l.sc of tha Tertiary wers encountered in tha G(b}-Sprinu!.Jok/1 (670 rn), 

F-D/1 ( &'.i5 m), F-E/1 ( 600 rn) and F-1 ( 600 rr.) boreholes whi:ch ore ralati vely 

close tc the shEilf break. Oecause of thGir ,~er:to:i,"11 seaward di.o (Dingle, 

19?1 b) t:m T•c!rtia:i:y and you.igar sadimunt.s £.) c thickest in tl1esa Sc;i.me bc,re­

holee;, 8,['. G(t-.).-f),.,;ci.,1gbi.:it~/J. (~5 m), F-D/1 U:iJ.4 m), f.0,E/l (486 m) C\;'lC 

Thi;:; 

Upper /99 •• ~ 

http:adimc:;.tG


FC:i'Jc. 7$ r!._2:li:;i','('ST:1A TIGRAT'H!C COR?D_A TION OF' SEDIMENTS IN SCREP.OI..EB ON T'-IE ASLLHAS BANK 

(nll dc,pths in "'etrecS beli:,w S<l"'I l2vol) 

i ,,•i,;:-'f,:?:r:.,:r-·--·~._ S::r~-:;;--~:-:--!------------------ G(b) H(b) G(,) j 
~-.. • .1 • I ---..... ,._ I G(a};.jl G(•c.)A/2 c:(aJ:,/3 G(c.J:.;/::. F'-1 MS/A/1 PJir\/".. 3~e) C/1 0-A/l F··B/1 t"-'Jil c.-f:./1 F-E/1 Har:,,- S;n·;';::- j' 

1 
' 1 ,,- nt• · I':'' c:~ 1 rc'8 • r· :,t.i·"t; -..___. f;ems~ok/1 E-1 l:t!05':./::. .X,;<./-

'-· .... ~.· . .;...·. ' .. "-· ..... ,_ . . ,._' ·-···-- ~-·-~ .. j_------- ,··.,.·.,··:: 1 
<258 !'. j ,:t. ·~e·· ce l 1 ;:,:J -,r] <7-71 oa: 272 <?73 <2ei:3 <;!RO < 280 - .. · 
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Uppc~r· Cretac~,u;; ........ =--- ---
Sediments of this age were int-.:s:rsacted in 14 of the 17 bo1·eholes on the 

Agulhas Bank. Tho depths to the base of the unit range from 425 m and 

less close inshore to 1 740 m in F-1. Tho regional strika at tha base 

of the Upper Grotacaous (N so0 
E) corresponds roughly to that of th8 

base of the Tertiary, and the seaward dip is approximately 3°. This 

structural atti~:!G is in agreement with that of seismic horizon A (pl.3) 

which :l.n tum cnrrssponds clnssly to the t,'3.se of the Alphard Formation. 

The Upper Cretaceous sediments on the Agulhas Bank form B seaward-thicke­

ning wet!ge up to the 200-m isobath, which comprises all the Lipper Crsta-

ceous stages ranging from Maestrichtian to Cenorr·aninn. Sedirr.ants of 

l.ppar Maestrichtian age may conceivably be absent, wrd.la small hiatuses 

in the succ•;ssir.in n,ny occur within the Contacian and Turonian intervals. 

(Brenner, r::,er-s comm). In ths boreholes the Upper Cretacoous attains a 

mw..imum thickness of more than l om min F-1 (1 140 m) and F-E/1 (1 310 m); 

the m'inirr:L-tm thick:m:i.:;s of E..00 m ( Maestricht:i.a.n and CampaniNI only) was 8n­

courilerBd in tha 1-i(u)-Ha.rtebe<?st/l well. 

~¥ar Crcd:c::oou:'; i'.:r.d/ur ... lurassiL. 

Sed:imt:nts of thi:i interval ware encountered j_n every one of the 17 bcrf:l­

holes ('In th,~ Agt~Ihc1s 8f1nk; the eJ.ovatio11 of the base is highly va.rit1bJ.c 

due to hlock--i-aul tir;g. Maximum thickni3Sses were thus r:ncountsred in the 

Pletmos ba,::.in, 8.g. G(b)-Gor.:sbok/1 (2 728 m), G(a)-8/1 (2 73]. rn) end in 

the 8reda::dorp be.sin, e.g. E-1 (2 2:1 m), D-i'./1 ( 2 174 m). Eb:roholes 

si tBd en the rE:qic,nal rosi tiva fE:e.l-ures intersected considsrably thim1ar 

LowL.::r Crstec1,;0L:s and/or Jurr.3.s~:Lc sediments; on the In fan ta errch thick­

nesses of' l.;,6 .:c;:·;!gr of 3[)0 m to .C,5C m wera recorded in the F-D/1 ( 427 m), 

G( a)-C/l ( 3:2'7 a1) and F-G/1 {!.l~'S m) b:Jreholes. 

The O.fff; cf' the Lowor Cr•,:; ,_:-o:::s"Dus s.ed:f.rnents rn~ge from possibly All:-iian or 

8Y!,ffHESI5 /lDC, •• 
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SYNTHESIS OF' 8TAAT:1:GRAPHIC f-1ESULTS 

Tho in t.,rrca tion of the s tra.tigrep hie rssul ts dis,;usssd so far which are 

derlvf:1d frorn li thostratigraphic, wlrelin€1 log, chrunostratigraphic:: and 

sr.n!:1rn1 c studios was the re~1pu;,sibili ty cf tho wri tcr during the past 

fivs years. In ths following discussion 811 attsmpt is mads to inta-

crrRts thass results within tho 11 thostra"tigraphic framework Bstablished 

fm· the time-rock uni ts. 

Alexandria Fonnation (Eoceno Paleocene) 

Th8 Ala:-s:c:.ndria Fom~tion comprises four readily identifiable subdi.vi­

ThB top of the fom~d:ion is generally ab~cured by casi;:g in tha 

bM ',~"''°'nlcc,. Af3 shown in tablEl J:X its bass :is prectically coincident with 

t:h01: D"!'° sc:rdi.r, ants of Tertiary age (Paleocene - Eocene). 

In rssp9:.;;t of G(b )-Gamsbak/1 and G(b )-Springbok/1 the di ffarence batvJGBn 

·U-,8' br\~ti of the Tertiar;, end the Alexandria Fonnution ref'lE:ct on the tsn­

tErbl\.'3 po~:!.. lions of the base of the Alexnndria Formation; in the H(b )­

l·idrt:;l_,,_,9.st/l borshole it crulc:J not be identified in cuttings samples or 

In the rernair.3d of the boreholas the differsncss in 

dq::, lh~; biJtw:?:en ths chronostratigra,,ohic and li thostre..tigrBf-!hic uni ts are 

¥rl t+.L·1 th1:1 practical lower limits of tf18 s.::~ling inter·val e.t shallow 

di:-:.r:;tnr; :{:mra the drilling penetration rate is of the order of 10 metres 

The i:.op of 11ni t 2 of the }\l~>:andria Furmation, du.t8d as Middle Eo~ar.a, is 

abm;~:; (.O n; abcv;;; t~(l tcp cf' th:;: Lower EocGnE.'-Palsocena interval ir. F-1, 

r:-_ i::' '1 . --:: .... ~[1.1'] an ,j I ,_, .,. • I - / • ' L the tcp of the same unit is 

Although the avider.cs is rathr,r sr.:w1tyt it is 

poss:UO:Lt'< that ths r2cpid r.lrJv,inhoJ.e tlscreese in the n'.m1ber of planktonic 

forii1s :i.n unit ;~ sign:i.f.i.Bs that unit 3 is transr;ras,,ive and rest.s uncon­

formab·,.,y un the tmdcrlyin0 8?-nJ.e and tha'i.. it pr-...:;gressively youngs shore-

Th;::· A1cxGnrfr'.L~ Fr;rrnRtirn, t-JF'.1 t';;: ,,;.Jdl;: ~;nts ut' iertiary age as discussed 

h ' ., t . ~ . I . . . f "'L ,, ... t . ' . L • ' c, ave, 1~1 ccrrrr:;.1,' .::'.,.1.,c; vr.,. t:il ·.:.r,H f-'L-:t.Lis:;c;c;-,G ; · .nv:ar iBr .. 1er/ J 1_m1 .... 1aen-

( ·. ::o, 1' o' 'i, ·1 
\.--..1~ ....... ~, rJ• 

http:signif.i.ss
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PJ.phard Forrr-1?.tion (Upper Cretacoous i Masstrlchtiein 

The Alphard F[)rmation is mads un predominantly of glauconotic fossi.li fe-

ruus greenish-grey shales and clays. The uppar bC11mdary of the forma-

ti.on corresponds closely to the Cretaceous-Tertiary boundary. The base 

of the Alphard Formation, which corresponds to tho approximate level of 

hc.rizon A, is \iirtually coincident with tha base of the Upper Gretacoous 

in the majorl ty cf boreholes ( table X); signifi.cent exceptions a:re ob­

served in five boreholes and rnay be due to a c;:irnbim:.tion of tho following: 

1. the diachronous nature of the formation boundary; 

2. the limitations of the accuracy of chronostratit;Jraphic 

determinations as result of do\l>1'1hols sample contemination, 

tha large sampling interval, and the paucity of Lower 

cr,ji.;aceaus microfossils with time-strat:i graph1.c stgni fi-

Ct'JICBj 

3a n,;Y,orking of Lower Cretaceous faima on unconformitj_ss nnd 

their inco,rpnra.tion in sediments of Uppar Cretaceous age; 

4. the p:casent ~reliminary nature of chronostrati.graphic d.9tei~­

minations; and 

R. unreliable lithostrati~raphic boundaries. 

It Y.JOuld appear from microfaunal and seisd.c reflect"lon evidence that me_jnr 

unconfo!'mities ars not present within the Alphard Formation. A complete 

seqw;;,nce, ranging in age from Maestrichtian to Csnomanian, is loca.l ly pre-­

sent on ths Aguli1as Bank, however, it is possible that 1'3.te Maestrlchtia11 

sadi::1,..-!llts may be absent below the unc .. .mfonni ty at the base of the Alexar1-

dria Fon-nation, partic1Jlarly close inshore. As shown in figL1re, lB, sea.-

ward th'i.cke:ning of the Alpl1ard Formation takas place by way of 1:1 cnrres­

po,,ding th:l.r.keni~g of chronostrati.graphic units. 

WireI:i.rHct log mar·ker or seismic horizun 11 gBm.1rall;' or-..cL1r,, r,'.i. tr.in sedirr1snt.s 

\lc'lr.)'ii"1ffi.y datr;;d a.s Snntonian, ( G( a )-G/1, 

B/1), and Turr::Jniun (f~l, F-E/J: G(o)-C/1 

( 
n( ' c.::Jl ;;) J-

horizon msy bs locally i~SE,d c~S u strntigr·eph.i.c ~F,rkr,;r, its vrJ.ua us a 

Cr~·L-.... ~t ;.,J t,.11 
-~~, 1 .l c ... ~-:, .. ,;·-.,. • • .. 

I 

http:strlltigr�l:lph.ic
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TAGLE X 
-= ** = 

Cm'P/\RISON. BETl'/EEi~ DEPTHS TO THE BASE OF TH~ fl!...PHARD 
FORi,.-:f\-fIOH _L\f\JD ~ihC: r3Af3E Of-" T~;:::~PEn c:lEi/..C~U3 ____ ~ 

l'""~BDUNDARY BASE BASE 

ffiFFffiENC: J ALPHf\.RD UPPER 

BOREHOLES r,;~ FORMATION CRETACEOUS ~-- ~ ? 

I metres below metre3 b8l0\'il mstrez 
sea level sea lev8l I 

G(a)-A/1 l 1?2 1 155 + 17 

G(C:1)-A, 2 1 32? 1 370 - 43 

r.(e)-A/3 1 25.3 1 250 + 3 
i 

G( ) '" 11 906 890 15 a -01 

I 
+ 

F-1 f 2 025 1 ?•1u +285 

G(:.)-c/1 1 383 1 335 + 46 

'"'rb) re -1- • ,~ o\. -,., m~.JO~/ .. L 1 122 1 210 - 88 

I E-1 361 425 - 64 
£'.l ,., •• 445 jj 1 F-cl/1 :..::.W + 

i 
1 F-D/1 1 651 1 t.'95 +156 

I E-8/1 451 517 - 66 

! F-E/1 l 924 1 910 + 14 

I H'bJ-1,,:c,,-b~! scc,,.::.Lf'i l 562 960 - 93 l- "~" ' ... 1.,, ... "! ~-

I I I 
Pl t ·-1:..in::i..-,dJGk/::. l 71:,r-;; l Mu +307 

... ·~ . 



contrast.~ ~'.rLn!lins log marker horizon 17 occurs \'~ thin 50 m cif the top 

of the Csnomanian (tabla XI) in six boreholes (G(F1)-A/l, G(n)-A/2 1 

G{a)-A/3, F-1, G(i:})-C/1, and F-P/1). In tha remainder - G(aJ-B/1, 

F-Z::/1 and G(b )-Springbok/I)- some of the reasons listed before mr~y ax­

pln:i.n the observed disc1·9pancies~ 

A significant hiatus is present towards tha base uf the Alphard Forma­

tion in the H{b )~HertebBest/1 borehole, wh9re s0diments of Cr:.1mpan:i.c111 

ago rest unconforw.ably and directly on Lower Cretaceous sediments. 

$..mdays River Formation (Lower Cretaceous - 7 Jurasiiic) 

i\hils there can be no question that the Sundays Hiver Formation is of 

Lower Cretaceous age on the Agulllas Bank, fl more precise dating is 

made difficult by the general sparsity of fauna of time-strati.r7r.·aphiG 

slgnificance below the bass of the Alphard Formation (Upper Cretaceous). 

In audition, the presencs of a major erosional unconfonnity of seismi0 

horizon C, which occurs within the fonnation, and another, towards the 

base of the unit, makes dating even more difficult. 

Ths unconforrr:i ty en seismic horiz,in C is used informally in tMs thesis 

for subdividing ths str::1.tigraphic succession. It occurs vii thin .ssdi-

msnts which are no older than Valanginian ii, any of the boreholes, and 

is OVf,;rla:ln by tha 89-3 and SPr-4 Members :in all boreholes excGpt F-1 1 

F-E/1 and G(u}-S;::;dngbok/1, whsre the Sfl-3 end SF~ unlts are o.bsgnt due 

to non-depo.sii::·:.i.:iri in e. bo.sinw,Jrd direction and the Alphar:: Formation rests 

di rec t1y r-n horizon C. 

Ths ~.c::J't of tha tiL;;1days Riv3r Fo.ctnatJ.on between tha base of the Alpi10.rd 

Forrna t:i.on and r1od_1:un C, has b8en dc:i.ted 1:1,5 late Lower Cre-!:ac&JW3 (possi-

't1l Al h ... , ·, - ·, r .... ",_,. .. ,; ·• .,.__ 11 - 1 ~, 1· ~ ) • y ~ .. ].r,J. tJl ,:.,ar __ ,1. __ t..:!11 vi:l v,:w..c.ng n ..... an f it i::. .here~.nafta:r raf1:,n·cd to 

L:d;:i..om.'},ii::,s to th,3 D•.mrlying A.lohsrd Forrraticm w:d horizon C b8low h.:ivs 

Ths part /106 ••• 
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TABLE XI -. 

COMPARISON GEH'!C:EN DEPTHS TO MARK(P. HORIZON 1? AND THE: TOP 

OF CENDM.'\NINJ SEDn~EWr3 IN BOREHOLES ON TH~ AGULHAS f:l~ 

BUREHOLE 

G(a)-A/1 
G(a}TA/2 

G(aj-A/3 

BOUNDARY HORIZON 17 
metres below sea 

level 

1006 

1212 

1142 

G( n }~B/1 6tJ7 

F-1 1655 

I 
G( a)-C/1 1166 

. F-D/1 1408 

TOP CENOt.lANIAN 
metres balow ssa 

J l:n/81 

10')0 

1220 

1175 

?50 

1700 

1195 

1455 

1850 

1250 

" I DIFFERENCE 
I 

(m) I 
I 

! _, 4 

' 
- 8 

3"1 - '-' 

-143 

- 45 

·- 29 

- 4? 

_;374 

•l-~.67 

j 

l 

I 
• 't 

j 
I 

I F-E/1 14'/6 

~~---1-4-17, ___ .... _ ....... i 
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r:·if, part of the &u,days River Forme.tion below horLton C is rofor1·Rd to 

b2low as the lower Sundays River saquenca. It is Valenginiun in uge 

O': older, and probably dates bRck into the Jurassic (R:Jr'clcr:ci.lnn }. 

As a \.'ery rough appruximo.tion, tha bass of ths lower Sundays River se­

c.,,usncs can b8 tak911 to indicate the Jurassic-Cretaceous boundary on 

tho /\gulhas Bank, which can, however, not be plac8d in the niajari ty of 

the boreholes. The lower Sum!dys Rtvar saquenca has been shov.n to 

rest unconformably en basement or on the Kirkwood Fonnation, but may 

be canfonnable tc• di.sconformable in relation to the Infanta Fonm1tion. 

Pre-Sundays River Formations (possibly l..pper Jurassic or older) 

Ths Enon, Swe.rtkops, Colchester· and Infanta Forr:1ations make up the bL.1lk: 

of the interval designated Lower Cretaceous - Upper Jurassic or older. 

Their stratigraphic posi tton below horizon C cert:alnly indicates tht'i.t 

they are older then Valanginie11, if not entirely of Jurassic age. The 

overall sequence is clearly syntectonic, as cm1 be deducted by its great 

thickness in basinal areas (graben or hal f-greben) in comps:rison with 

its relative thinness over highs such as the Infanta arch. The Uiten­

haga Group ssdinm:its below the major angular unconformity "Tep of Layer 

3" in the H( b )-Harteb oes t/1 borehole were clee.rly deposited in a ha.l f­

graben, in which the succession thickens toward::; the Port Elizabeth raul t, 

by implication tha Ui tenhage Group in the half-grab en is syntectonic 1 nnd 

it j_s dated as young as Barremian. 

Stratigraphic Model 

Tht:1 s·Lrati~rrc~~,;·;:i_.,:,; synthesis outlined above has led to the development of 

f; i:lClr!el ,.LW:n '.:C:'rJ.r:,ing the !'BlatiCJflRhipS between li tho- and Ch):'(~'":r;.,str;iti­

!Jl"aph~', uncor,fn:r,r.i ties Emd transgressive-regre1sf;i va cycles· (fig. 21). 

The niod81 is e;,drapolated bsyond areas of borahole and seismic control 

by inc:orpor~1j.r9 !:'!'.Jfik1 uf the consj dP.rations which are discussed below. 

A 1 . . . t . . h" . ' . ' { ) f ti l l. 1:nos -r2::1nrf:,.:., ~-;:: un1:c: is en expres.•,non rgspcn~m o a par cu ar 

A biostrt,t:igraph:!.C unit is ofton 1;tilized 

.• 
. ~··~ .. 

in i:;trc1tj £Jri3.ph5.c ! i nu 
I , - "'• , • • • 
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FIGURE 21. 

CYCLES 

Regression 
Transgression 

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. 
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:i.n sb·r,til)r"tphi f; :interprataLlon es !"OUGhly squi vnh:nt tc e timt:: :\.ntE-:rval. 

Hot11a·._18•··, certain biota tend to be environmentally controlJ.sJ, so that 

biosb·atigraphic boundaries may elso behewe es li thostratigrnphic cmes 

and may therefore bs diar:;hronous. Within cycles of daposi ttL,n, which 

may bo intarrup ted by erosional pariods, the li thostratigraphir; un:i. ts 

migrate laterally in respons!;l to transgression '.Jr regression of the S8a. 

The rate of movsmant is controlled by processes such as the rato of sub­

D~LC~e.ncs of the basin and its shape, and by the rats of deposition of 

sediments with different li thologi es. 

SUbsidance is accentuated at the depocentrg of a basin the margins of 

which may either receive sedimS11ts or be eroded dopending on the amount 

and position of flexuring between the rising prov~n3floe and the basin, 

and upon eustatic changes in sea level. Figure 21 shows the sffact uron 

the basin fill where rates of' subsidence hf'\JB diminished and eiventually 

~.ere erosion has occurred at the margin ot the ba.sin. The top of a 

regresstva cycle msryes w:i. th a surface which may still accept sedj man ts 

near ths depocentrs, be in equilibrium with tran.sporting media in an 

intermediate position, end undenP active erosion to become an unconf'of\-c 

rnity landwards as the hiatus increases. This is illustretad by the 

abrupt cut-offs ~f chronostratigraphic intervals. Pr~existin,; uncnn-

f'ormi ties ma.y thus be truncated, adding thsir hiatuses to that of tho 

overlying brEmk in sedimentation. The sedimentary sequence at the ma~, 

gins cf a basin may be extensivaly abbreviated due to the converging of 

a se-t of unconfonni ties. 

Tha in::L tial transgressive phase of the ensuing cyclg of subsidence P':d 

da;:iot,:L ti:::n m11y bu short, rasulting in a thin, poorly sorted veneer of '.:~:;:::: 

DriginH'.Lly coars::: ~.,ediments, or long, r,:;;sul tin~, in an onlE1Ppirig !:iequi:mce 

of chronr:_t<>.t:rati.graphic uni ts. Near the seaward termination of E>.n uncon-

fflnr.lty th,:: :::;a:i:G 1:. thology is ,2.pt to n!'.',cur in both the regn:ssj ve and 

transgressive pl·bse5, henr.:R one can find and def.i.ne aop.3rently ur-;iJrc;!~ar: 

11 tl;oc.trectign"';·Jh:i.c::: uni. t,. ir: s. type area whic!1 e.r-e in fact :i.ni;:a1Tuptad by 

diast~:r:s an··• uncct;fcn-rnitim;, It is for this rsascn tliat th8 presence 
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Tho model is still npplicabls where a bRsin is f..i.ul L···bcJLmd 5 as is tho 

casfJ with the pre-Sund11ys River intsrval. The divi::n":J,rir.e of i.sn-tima 

lin13s t.owards the f'~.ul t is ths result of rapid influx of sedimBnts in-

to the asymmetric basin. Coarse dstri tus may hav3 bc3n dumplar.! into 

the marine environment undev certain cone.ti. tions am1 shaly Kirkwond r-sd­

beds may have retained their colour after having being deposited in the 

sea. Even though there may be disagreement a.s to the environmsn i: uf 

deposition, the oxicii1Sed sediments are named Kirkwood Format:ton by de­

fini tion. 

The model illustrates another significant possibility, namely that the 

lower Sundays River sequence Bild highsr stratigraphic uni ts csn late­

rally become a terrestrial red-bed sequence and even canglomsratic to­

wards its landward limit, and that unconformi ties may occur within what 

is defined as Kirkwood Formation and 8,on Conglomerate. 

Tt,e iso--tims lines in the upper Sundays Ri vsr sequence illus"i;rats pro­

grading which is the response of sediments deposited on n steeper--than-

average slope whenavsr a basin becomes starved of s 0tdiments. If a 

subsidenc:(:1 which causes deep-we.ter condi tior1s is followed by ralnb.ve 

quie.acence, the sediment-water interfs.cs advancss slightly upwarJs, but 

mainly outwar:la, either es a delta-slope or as a progrnding shelf-

sdge, the slop~facies advancing into the basi~ with time. 

BF.DIM8ffARY /11D ••• 
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SEDIMENT ARY TECTONICS 

Sedimentary tectonics is the study of relations between tecto,1isrn and 

sedimsntation. The relationships bstwaen sedimentary tectonics and 

their SHdirnentary responses, long recognised in ganeral ternm by stra­

tigrap hars, were mDra explicitly stated by Dapples, Krumbein Md Sloss 

(1948) who expancL::rd on pioneer work by Baily (1930)~ Fischer (1933) end 

Jonas (1936). 

The study cf sedimentar; tectonics on the P.gulhas Sank is facili tatsri 

by the grouping of the Mesozoic succession into the foHow:i.ng four in-

formal soquP.nces; 

1. Alphard ( Upper Cretaceous) 

2. l...pper Sundays River (Aptian or Sarremit:n to Valangini.m) 

3. Lower SL.1ndays River (Valanginian - ? Port] andian) 

4. Pra-Llundays Fii.ver. 

or older). 

(Lower Cretaceous anct/ur Upper Ju1assic 

&Jch a grouping bears no reference to the sequence concept ~s develop8d 

by Slos2 (1953) and which refers to unconfonni ty-boundsd masses of £ha~,· 

ta of greater thE.n group or supergroup :r·ank. The abovs-msntior:::d four 

sequences are akin to genetic sequences of strata - a GSS (Busch, 1571). 

A GSS is defined as b~ Cl!' more ccntiguous ganGtic increments of s'tr·a.te. 

repressnting more or less continuous sedimentation; within it ur.c:onfor­

rni ties cannot be present but disconfo:-mi ties of limited extant may be 

present. A genetic increment of strata ( GIS) is defined as an inter-

val of strata representing ona cyclo of S'c!d:Lmento..tio~ in vJ-1ich e:;;.ch 

lithological component is related csnat:ically tu all othsrs; ':he unr.ier­

boundary· of a ( ms) must be a H.ms marker and thiJ lower bDundary rrHy bc1 

tima marker, nn unconforr.1i ty or a faciaa change froTT1 marine to non-ma"'· 

rine, A gsnst5.c:: incrrn11P.nt of strata is sirnilt1r to a format (Furyot.san, 
' 

1954) provide.C: tr,at the ma:rl<ers thut are used to def:rne a forndt n:re 

t:l.me lines. 
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provides the geologist w.l -ch an exceedingly powerful and wmf'ul strati­

grapr.ic tool; it is indeed a pity that these uni ts de not enjoy formaJ. 

status in the SoL1th African or s·~y other strn.tigrnphic code. Ths 

following is a discussion of sedimsntaiy tectonics in respect of tha 

four Mesozoic genetic sequences of strata on the P,..gulhas 8ank. 

PRE-SUNDAYS RIVER SEQUENCE 

The stratigraphic relationship, of the 810n, ~hmrtk:ops, Kir.kw;:;od and In­

fants Formation which make up this sequenr::e has been dsal t \'.i th above. 

The arkose or elastic wedg9 (Krumbein and Sluss, 1963, p. 559) model 

appears to provide a satisfactory sedimentary-tectonic modal in respsct 

of the pre-timdays River sequence on the Agulhas aank; this model is 

discussed hereunder. 

Clastic Wedgs ~bdel 

A elastic wedge (or a!'k.,se wedge if the provenanca is granitic) is a type 

of sedimentary fill which is prevalent in fault-ynksd basins. Tha sedi­

ments are derived primarily from t~e elevated upthrow sids of chs boun­

ding faLJl t. The term 11rncilasssn would be c:.~plicable to the rno-del under 

discussion, but, as pointed c;ut by Kru,nbuir; and Slcss ( 1963, p. 535), 

this term has bean used so broadly in connection w.l. th similar, but nnt 

necessarily related, sui tos as to have lost its original connotations. 

The sedimentary fe.cies in a elastic wer-!ge is characterised in the first. 

instance by the developm~""lt of the coarsest elastics immediately A.dja-

cent to the up}.ifi:ed block, (Enon Fcrn:atiori). Distally these coar·ss 

cl-:1stics gradG inm sandstone (Swar";kopE FormEiti.on) a.nd marine or l.:.1.cus-

trine clayn (Infanta and Colchcstar Formations). A rastricted euxir,ic; 

facies is possible in the lacustrine e..viro:1mE:Jnt. The coarsest facies 

occ.ur· oppoai·l:e thu largest. fault disple.cerc1nnt (i::nun Furmat'lon in th9 

Rivs::-.sctule, Oudtshoarr.t George and Garntm:..s ba8:;_ns) und in the vert.ical 

secy.1cnc1:~ .:..11;:rinr tirr;.:::; of ectiva faulting; thl.~; m':l.y gh1e rise t.a ':onguBs 

of conglnn1e1·,;t1;i .~,;-1::; sc1ndst.one v.hi.ch extB1 ,d into tha b:;1s::Ln and which Fl!'S 

tmvalc,pE::id tJY a me-re c£.stel lithofacics {e,u. ti.,r.gues of Enon in the Kirk·-

'MJCHJ Formtd:ion /112 ••• 
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wood Forrna.tion as in ~raj A/1). 

·rh~ structun.,J. atti tuds of a cle.st:ic wedge is sue;h that the sediments 

dip into the marginal fault, especially where bads thicken in the same 

direction (e.g. Port Elizabeth half-graben, Plstmas basin north of 

G(b )-Gemsbak/1). Intermittent seismic reflectors in elastic wedges 

are time-equivalent surfaces. The steep fla"lk of a elastic wodge ts 

invariably a boundi,-1g fault ( Cretaceous onsho:t"e b.::::.!ns) rarely a rnona-

clinal fold (Brsdasdorp ba.sin ). All large cla6t:lr! wedgas are fault-

bound. The initial displacement can ba measured by the as~ymmetric 

thicknening of a stratigrP,phic unit towards the fault; faul tiny· is nut 

triggered off by isr:>static imbalance caused by sedimentation but by 

sub-cn.Jstal tension, although sediment load may accelerato and increase 

later displacements. The dip of the fault plane is usually steep, but 

flattens do1M1ward. The ciisplacement on the fault is normal, but hriri-

zontal components may occur in the direction of the depocenb·e. U,-, 

less significant wrench movement is involved, the culmination of the 

uplifted block is opposj_ te the depccentre of the basin. Clas tic wed-

ges are knmo,n to have tomed against reverse faults and to have bean 

overridden by the elevated block ( W9aks, 1952) b1.Jt this did not occ:..1r 

on the Agulhas Bank. 

From the above considerations it is to be ~'<Pected thtlt basins which 

harbour elastic wedges are elongated parallel ta the bounding fault; 

most of such basi;is on the> Agulhas Bank are asymmetric in cross sectiur: 

bBing bounded by one major fault (s,g. Superior, Plattanterg, Port Eli­

zabeth and S1..mdays River faultn). 

Sedirrontary fi:tcies occur in A. regL,lar fashion within a elastic we:igc. 

The uppar flew n,uim1:1 of' thei fluviFtl environment is c~ara.cteri SEld by 

the prsse>1C(•: nf' an alluviel fan, piedmont or f1-,.nglc;rnsrates (Enon For­

r,:e.tlnn) t:Jnd by braidG::::! st::"Sciil'.S (Swartkops ond Klrkv,nod Formations); 

these :m;::y forn, coalescent fo.ns. Tht:1 elc,1ga"C1.u,1 of such lithosomes 

ars concoptu2lly parGJ.J.21 to the palsoc1n'rHnt direction and at riy'1t 

Emgles to thr:1 steeper flank af the bc:is:in. Tla braitJc;d streams of the 
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shaly compone..nt.s of tho l<irkv.ood Formad.on os in G(a.)8/1) with incr8r.1sing 

dto'posi tion of red silty shale. Cbmstream thss6 foci es are replaced by 

daltaic and by lacustrine or marine environments (Colchester end In F'anta 

Fornations). Ths thick'1sss and rotes of sedimentation ( see Liter) of 

the environmental facies are directly related to, amongst others, the 

i.ntensi ty of tectonism. Depending on the morphology of the bcsin floor, 

the rate of change of fecias may be rapid or slow; some of th!~ facis.s 

may be absent (Ki.rk:wood in ~A/1 and G(b)-Gemsbok/1). The delteic 

facies within a elastic wedge is not likely to bs prograding but -tn be 

!ilOdi fiad by intermittent subsidence, which gives rise -tn cyc:.:!othems 

spa'lning the !:l.qtieous/sub-aquoous depositional interfa-:a (Ui ts,·,hage Group 

in H(b} Hartebeast/1). M important attribute of elastic wedfres is that 

ssdimantation keeps pace with tectonism, so that E:!. dsep-water rL,?posi tio­

nal envircnment is rarely attained. 

W:1 ~nin elastic wedges or1B con expect to fine numerous ci.i.astems, locE",.l 

disconforrni ties and hiatuses, particularly wi. thin the continental ein-

vironment. Lhconfonnities of more regional extant may occur in the 

distal pCJrtion of the wedges, where they are linksr:f tn the top of r~ 

gressiva cycles of sedimentation. Of importance is an unconforrni ty 

that capnr~tes the trough fill from overlying sediments; such~~ uncon­

fornity marks the base of younger overlying basins (horizon C Etnd 11 top 

of layer 3 11
).. If the unconfonni ty extends over a number of troughs 

(as horizon C does on the Agulh1..1.s Sank), the and of active rift tecto­

nics is datod by the uncor:fomi ty (generally Va.lsnginian but younger 

than Bar:rsmian in the Fbrt Elizabeth hal f-graben J. 

Arkose wedga a::nc1cis.tions do vary as pointed out by Krumbein and Sloss 

(1963, ::;,, tl63)t t,ut none of thti va.tiotions serves to mask tha ssssr1ti.al 

similarity to t;1s above-mentioned mc:,del in respect of comparsble 3t.l"oti­

ffraphi;:; relationshi;:is, wedge-shaped geomotry 1 immature sedirnrritA end re­

letiamihips to steepl:,1 f,.:,.ul ted basins Md rigid uplifted hlo6';s. 

Tr.e w1 'i tar :-.:.:..:-:; no he'.,,:i. ta tjon in suggesting -chat the pre-Sundays Rj var 

sequsnc:o ccnfr1t··,:..~ tc, tha c:·~astic-wzdge modal, ~.:'J8n though the control 
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lsopachs 

Th,,, regional isopach (time-thick.ness) nmµ uf the interval bsh1~an sais­

mic h-orizons C (or "top of layer 3") c.nd D r79fler!b5, to s. largo extent, 

the thickness and distribt.Jtion of the pre-&:nd1ys River soquence on the 

P..gulhas Bank {fig. 22). It shows that the Algoa, Gamtom: and Pletmos 

bE:tsins ar·s flanked by normal faults which, as conjecb..reci in a previous 

discu~sion, are conceivably syn sedimentary. Ths Algoa basin is l!Dmplex, 

with a number of depocentres located on the imms1Jiat13 doM1thrn~1 sides of 

major synssdimentary faults. They are all asymmetric towards lha north, 

as is the Gamtoas basin. Ths Pletrnos basin is also complex and is rnacte 

up of segmants which are asymmetric t.o the south (south of FB/A/1 and 

MS/A/1) ns wsll as t.o the north {north of G(b)-Gsmsbok/lr) und ·wrd.ch dip 

respectively into the superior and Plattanberg faults. 8,:1twe13,, the Su-

parior fault and the Infanta arch there is another subsidiary trough 

which is asymmetric towards thP fault-controlled sou them flank. In 

pre-Sundays River times, the Bradasdorp basin was on the other hand 

roughly ovate with few, if any associated syntscb:mic faults. 

The basins of the Agulhas Bank ware Bf3!1arated geogruphically and ware iso­

latr,d by the Recife, St. Francis and Infanta arches and, individue.lly and 

collectively tend to close in a seaward direction. This isolation of' 

basins is ~·i: =irsntly also valid in respect of thB Riversdale, Swellondam, 

Gemrge end (tJdt:shoorn basins, and may explain tha general pa~:ci ty of 

planktonic fauna in the pre-Sundays River sequence. 

LOWER SUNDAYS RIVER SE::QUENGE 

borehcles on l.:hs Av1.,J.has Bank. The lower boundary of the uc:qusnca l1ii5 

bBFm dsmonstr-ntej to be en angular uncrmfonni ty :i.n E0 ~l, E·-8/1 and F~·lj 

elsewhere: it is s:.l. !;h,;r c.nnf'onn::1blE or 1Jiscc1~fo:.:mbls. Its upper bn~n-

dnry corresponds tt:J .seismic raflGc~r horizon C which me.rks a major in-~ 

trarucmali[mal unc::Jii~''orr.:i -:y, pc.rtit:ularly in the f'latmos bas:i.n. Ths 

age ~f ths S8qur.r::::.~ k:.:: bfn'"l sho.',n to be Valanqir;ian o;:- older: the 
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Tht-1- ::.uq,..i:..::1c1:1 ls c:J.:,,c:.rly trans~1rast':iive in respect of the unae~ 

it is absent due to 

erosion .Ln G( b )...Si:Jringbok/1. 

Th8 loi•.~L' SundF.1y.s 8:i11r=rr· sequB.11t.9 is thickest ir. boreholes in G(e.)e/1 
(854 rnj ,;;_nd J(b)-Gern.sbokjl (SSB m). Elsewhere tts thick:ness ranges 

from z;;;rn lun thr;i Inf~u1ti::t arch) to abcut 4[() r.i. Th~ greater thicknessas 

··m ths c!,Jb,1thr.:::;w slda .:if the Supericr fault as ccimparsd ti.i th 350 m in 

B(ej-A/~:' Dn thr;:- upthrow side, suggest thE1t the Superior fault was active 

during ;:,cdimentat-l~:-:; '!:his is consistent with tha obcervaticin thtit the 

fo.ul t 52.so displaces horizon C. 

FHL:hJrs of nots concerning the 1ower Sundays River sequence is :i.1.H la.te­

raJ. pi::,r;,;istence ae o. bla'1ket-Jike unit which, barring the SupGdor fs.ul t 

and the re1iE'f of the Agulhas, Infmta, Reci fa and St. Fruncis e.rches at 

thEt t:~rt;u of i L8;;; Lfo:,posi tion, tssti fies to regional low relief of the dspo­

si tio;·w.1 ·?lc,GP upon whir.h ths unit was d.,;iposi ted. Tha ligni tic nature of 

ths B::ffE1o;.; Lune:=, nnd the predor.rl.nancs of banthonic and f:resh-water fauna 

v,5- th:Lr, thr.i sequ~1rn::e ca.rgua in favour of a shallow-water environrr.:;r:t domi-

nc:1t;_·d by b3J:.'rPstr-l "'J :Lnfluancss such as exist in an epeiric sea. The 

Eaquencn appears to h;:\ve affectively filled in the existing min:Lmnl relief 

inher.i_ tud fn:;;~ tho ui1cforlying block-faulted basins which ware all but 

fi1J.ej ~:;;:1 i;.yntectonic ssdir.ients. Its sandy n~ture contrasts sharply Yli. th 

that of th,! underlylng Infante Fonnation. Whether this can ba construed 

to as lndicati11~J th,:, f}ffect"\ of tectonism (uplift of tha sourc:i area), a 

dr,b t:i.c ::he .. -ige in the pravenance or 1::1 change in climate remains prob le-

It :!.s irdi-.2d !.Jilfur·tvnnte that ths base of tha sequenr::a cannr,t be me.pped 

wl th any con:":Ld;jff:~! e:n s~::..emic reflection profiles~ despi ta nurneious 

attempts tc tio !m, "it"'ir5 intarfc.ce has poor si::ii smii:: definition c-.. nd can-

not be traced far w.ny QT'Ba.t. distance even bei::v,asn relatively closaJ.y-

b::.ticn It ~ (."' 
~··· ~,l not unlik~ly thot the lcv.18:r St:nde.ys Giver 
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LJPPEll SUNDAYS RIVER SEQUENCE 

Th& uppor Sundays River sequencs consists of ths SR-3 (shale) and 

SR-4 (sandy) members of the SUndays River Formation, is Albian 01~ 

ean~emian to Va.langinian :in age r.1J1d is bounded cippro;<l.rnately by 

seismic horizons A (tap) and C (base j. The vertical and lateral 

stratigraphic relationships of the sequence have been discussed, BncJ 

are portrayed in figures 19 end 20, which have a bearing on the dis­

cussion which follows. 

In the vertical profile the sequence can be seen to coa~san to the 

extent that the strongly lignitic Sfl-11 unit over]~es the fossillife­

rous grey SR-3 shale; the contact between these tv.o uni t_s is grfi.da­

tional. Lpward-coarsening sequences have often been cited as being 

indic11tiva of rsgrnssion (Visher, 1965, PL:--son, 1970, p. 37); ti1:ts 

i:; confirmed by the uppor Sundays River sequence which also exhibits 

a shallnwing of the anvironment upward in the sequemce. The goorie­

tric arrangement of time lines (prograding reflectors) tends to suppnrt 

this inference. The SR-4 un:tt appears to represent the topsst beds of 

a dal ta lobe within which the dsposi tional surfar.::e is sub-pa~·ttllel wl th 

time lines. 

A feature of not3 in bo i;h the Bredasdo11J basin ( fig. 19) .-md the Ple:t.­

mos basin ( fig •. 20) is that prograding reflectors impinge in a basin-

ward direction onto the lower bounding surface of the soquenci::1. This 

is so even though tr.a fossilli ferous S~ shel":? ie. b:·ensgressive. in 

respect cf the underlying ligni tic SR-?. sands tons. 

The seriime:nts th2t were deposited during this transgression are ei 1.hsr 

not present Cll' trJo thin to be resolved on at3is.dc reflection profiles 

on titB A!::!ulhus 8.::u1k, Asquith (1974) has sh01~ thA.t cyclic deltaic 

sedin,r:ntc.ticn iz n ften in terrunted by non-depc.si tional shoruwan.i s!li ;"'ts 

of tho 5',hare1in2; i:.h:i.s model appears readily applicP..blB to the upper 

8un1.iuys Riv~r si:.qi..Jc-;:i,ca i:,r, the Agulhas 81mk. 
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Isope.chs 

Ttie isopa8h ( isotirne thicknm;s) map of the :tntcrval between se:tsmic 

hc:1.zcns A ond L, (fig. 23) shows the distribL;tian of the 11.pper &in--

days River ~!~<:1uence on the Agulhfas Bank. Too main cil:::lpocentres c,:iin-

c;icia roughly wl !:;h the underlying Brsdasdorp and Pletmos bnsins Bild 

are separa-!;od by a broad area with relatively thin sediments over the 

Infanta arr:h. The upper Sundsys River dapocen.tres are tnereJfore sub-

ducd replicas of the structure at lower levels. 

Tlie 8rodasdorp basin is roughly ovate in outline arid is elongated in 

a south-east d:i rec::tion. The uppor Sundays River sequence hes been 

shov.n to thin in a seaward direction. This is also borne out- by ths 

onla.p onto horizon C of a reflector horizon which was traced by ~/r. 

Vlbrn:l in con::;'..Jl tation with the wri tar frcrrr th1:J D-A/1, E-B/1 and E-1 

bor8ho1e:i, where it occurs at the top of tha S~l-3 shale. This onlap 

:ts r.oughly p2.rnllel to the isorJc1ch trend. The s1~edasdorp basin was 

thc,rcfcre; 8ffscti vely limi tsd in u seaward ( sou th--eas teirly) di rec ti on 

by a Gcmbinntion of depositional thinning and a rising floor during 

Ltpprff· Sundays River tir,ies. 

fhe In1'anta nrch was co\lered by a relatively thin veneer of upper Sun­

days River S'Jdimsnts because of positive reli.af that was inheri tod from 

the underlying structure. 

The Platmos rlei:mbasin wc:1s j :r."Tegular in autlins. Depocentras were lo­

cated on the imrnediate do\\nthrow side of the Superior fault and on the 

downthrow s:Ld<'J of the Pl8ttP.11bsrn fault. In both dspocentres th~ so-

cfim6.;1b:; thicken towards the faults which must have been synscdimentary. 

A third d9pc,::,_,ntre is p1'caent between tha 8uper:i .. cr fault ond the Inf,m-· 

ta arch. The~,e; dei:10cs:1tres coincide with those of the pre-&indays 

R:i.ver sequenr;a .-1r.d are therefo::·e a reflaction of dasoer seated zt;cuc­

The Superinr fnult was clearly active tl1 .. .a·ing u~pE?r Sund9.ys 

Rivsr tir,1f..1P, thG thir:ni.na or ths saquence in i::he :south-asstsrly sec­

tor of tha Fletmou ha.sin has ol.n:mdy bean shm1n 't:J be due to L!eposi~ 

t:1~ upr:hr;:iw r;ic;,;; nf tha St..iperior fsu] t lmr.~ by li.rr:!.tcc: Bl"'Osion at th1:1 

. ···~ 
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T(,9 dtre~ctir:in oi progradation of seismic !'eflectors indlc.ates i::het the 

prfricip).s SC'Llrccc fur upper SUnduys River ssdil'11ents in both tha Bradas­

c?..,rp and PletJ,.cE bs.sins were near thai.r north--wai;;terly uxtremi ties. 

Ai1 acicii tional po:l.nt of influx of dstri tus in the PleI.mos basin may have 

b,3;:,n to the north-sast of G(b )-Gemsbok/1. 

In ;;;ur;':T11:ir)' it cen bs 5aid that the upper Sundays P.ivsr sequence was de­

posi Li::d by del tns i.11 1,01atively confined, ovuta, epoimgeni.c depressions, 

~tiioh had re::stri:;tsd access to ths open ocean, Low-energy con di tiom:; 

anj thsre:fore th:n19ht to hav:i prevailed in the depocsntres during the 

uppa:r· Sundc1vs River timesj euxinic conditions may havs existed locally 

n::,; rijf~i.11 t of' the restricted nature of the basin. The principsl sour-

C:FVi ,:if dei:r::_ t~w were rivers which entorBd the basins frum the norU..-wt::st 

cr~d nor·th. TheEH~ rivers may have been the pri-mordial Breede and C-buri tz 

H.lvars; tho l;"'ttsr muy conceivably have discl1arged j_nto the Plel1T,os ba.;in 

Ltl i}1is tir:,a. 

Tn.::. u~,p1,!r Ck..1nda)ls River sequ!;lnce :i.s thought to bs absent in the r~r.:'c:ntoDs 

basin sin::e t'rurn the St. Francis r:1rch eastwards, the uncon Formi ties on 

ScJif,:r::c hud ;;:'.:ms ,ll,, and C coalesce. This is confirmed by the hiatus in-

ta,. vaning bt':"lhtel'Jn sediments of Campanian and 8arrerr.iu11 e.g8 on t;-:e mBjor 

um;onformi ty in '!::ho H(b )-Hartebeest/1 borehole. 

ALPHJ\RD SEQUENCE 

Tht3 Alphff!'ci !':eq,.•ence comprises fossilli ferous, glauc:oni tic Ql'':f~r,-;;1nry 

It is an obvious marine saqu',;n:::s 

Tha 1.ower boundary of the sequence 111c1s r:;lo.ci8 

cor1fo::"1N:iblE1 to L~,iconformabls i,1 respsr.t of sll underlying un5. t---. Thi:r 

Lr;:.:::it:1~ limit ~:it t:11:1 sequence is taken at the w1cor.fonnitr er disccnfon,d.­

t~ nt the b,:L?:s of trR Aluxa.ndria Formation ('rsrticuy). 

sibla ~!IE•l..r. h1r/.u:::; during the Conie,cian-Turoniant the S8QUenc8 i".'. co;;-, 

µDSE3d of n. C,J~t'm-::1ablo w,3t.ige of sediments whir.;h thickens ir. a se1::cw:1:rd 

http:Coniacian-Turonj.dn
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a modarats seaward cfip .. It was deposi tad during t.rif;l lot<;;i Msso zoir; 

tectonic stage, which was demonstr~~ed t.o ba charar:;tcri.sed by ~r1ild, 

continuad epsirogonas:\.s and ths tJ e::1sral absenca of faulting. 

The Alphard succBssion is otherwise characterised by the absenca of a 

basal sandstone unit r;;uch o.s would be expected if a shoreline trens­

gressed over the shallow marine e:11d deltaic sedimsnts of the Sundays 

Flivar seq1.Jcnces. A situation whe:rs the rate cf subsidence of thB basin 

exceedod thG supply o F detri b;s (Sloss, 1962) and a rapid Uppsr Greta-· 

ceous transgression as is indicated by the consistent CEillomanian age 

of basal sndiments over a widespread area -· ma>' bs called upcn to ex-

plain the phooomenc. A humid climsts in a lu•.v-lying, non-grani ti.c 

provananc.c;: droinod by sluggish streams can n1su be :i.nfe:-rsd. The 

ui.Jiqui ty of glauccni te in the Agulha.s s2q• .. rnnca :!.fl taken tn indicate the 

existence of' a ssdimGi,t-starved mar-:1.ne basin. 

The uppernim,-.:: part of the Alphard sequence, notably the Maastrichtian 

P.nd C0.mp,..;·1ii.:;11 intarvo.ls,, haV8 bean ~hom to b~ relatively poor in plank-

toni n for·ar,:ir.t fera. -, r1e reason for this is not obvious from considere-

U.ons bw:;oc! en lj_ thologi~ or sa::l .. smic reflection Lharacters. It may ba 

thnt thu up,::;ermo.:,t Lnwar Crstacarus was a time of regrsss:i.on, which was 

t,Jrrninat~:I by a b~·anEurossion during the Lower Ter·tiary (Dingle, l'.171 b). 

As sht'1wn in fif;tir·a 18, the Agulhas sequence close inshore consists of a 

n!..lmbDr of rsflEictors whic 11 diverge seawards; farther ssmvurd prograda­

tion persists frcrn th8 l svf.11 of rna:r'ker· horizon 1? ( top o i" Cenomanian) to 

a level whi:;h ~orresponds ta fr:t~ late Carnpanian. These refle1;.tors 

clearly -; nd::i.:::ate the progress:::. vs uptiu:llding of the cont:.nental shelf and 

the v .. d::b:..!ild:Lr:g of tbs contin8ntal slopg ( Dingle, 1974 ). The in 1""l.ec th;n 

pcint tr,, i.:h!:2 p:tr..,r3ro:1::>ing f,.sts of reflectors wn.s traced at various levels 

Th"' res1.Jl ts, shown in figurEJ 

24, inriJ.C.i'lta the pos:U.i:::.n of tr1e shelf' b!"'eak ?..t vtui.ous tirms dur.1.nr tLs 

T:-,9 shol f break advanced rai:.,:i.r:ily in r1 !>Sa WE.rd dirs8-

ticn in Lrie l·,t:,st, wh:l.18 it rzn,:;.i:;c,j practically stationary elns,"hr::re. 

The r.:ic1bu,·1 fr;r i.h:i.s rn,::cy b:a Lh..J.L 'i::he E:lraede and Cc!..!ri tz Rivers, pnc1Sfintly 

-
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Tile e.bssnce in borsholrcis of a SddirnPrito.ry facies in the Agulhas sequunca 

which con be attributed to nw1:r-shore or con tineqtnl '3nvironments poi.nt 

to the following: 

l. that tha sho:rnlins during the Upper Cretac'JOUS was close to, if 

net landward of the present stiorsline; and 

2. thut any evidence of the existence of such a shoreline is likely 

to h?.ve been destroyed by erosion on any one of the ovtrrlying 

uncon formi ti.es, 

SEDIMENTATION RATES 

Tho writer used the chronostratigraphic data in Tables VII a;d 1.n:::r:: for 

a study of sedirn.-:int accumulation rates. The results are PCJ ctrt:!y 2~ in 

figure 25 in respect c i" four boreholes ( D-A/1, F-1, H( b) HartsbE,185 t/1 

and G( a)-B/1) which ar-a considered tn be reprssnntativs for the purpose 

cf this study. Absolute ages were assigned to stag·e tmundaries in 

accordance with the views sxprossed by Berggrs., (1S"72) for trie Terti,u-y, 

van Hinte (1S72) for the Cretaceous and vo;·1 Eysinga (1971) for the Juras­

sic. Ccmp~nsations which YiOuld cancel the effects of compact::.cn nnd un.­

confonni tiss on sediment thicknesses wero r.ot applied sincB these fac'b:Jrs 

are subjective under th~ c:f rcumstences. The folJ.rwdng -'.s a discussion 

of sotl:i.ment accumulation rates in respect of the tour established gene­

t:i.r:: sequences of strata which r:orriprl Sb the Masozo:ic SLJCCBssion on the 

In the absenct:J cf u:·1ambiguous ,.Jurassic fauna tha follow:tnn tl\O assumf"-

r,equRnc;a is your'1er than the 3uurbe.g Gn1up (1[2 m.y.) unJ n]cfa;' than 

Kirkv;eiod, I,,fanLu, Colchester e.nd 

enrrr1"'t·J·' , .. ,..,,,,1· 1,·,,~i,,ca 1 .. ,.TJ r ,_, , l .. ..1. ~· , .,, • • ...... -.._-.-1 , !:he b1)lk of tha intervc1l 
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12:5-t 

The average net sediment accurnulation rdtes (~J,:i.ckri:J'.J;; or the Lrn\ur 

Cr,~tt1coou3 anu/or Jurassic sc:idirnents divi U\a:,J lw a time span cf 3;2 n, y.) 

ranges betw1-:mn 85 m/m.y (in G(b)-Gernsbok/1 and G(a.)-s/1) e . .nd 10 rn/rn.y. 

( in G( r:i )-C/1). It is ~lear from the i.c3opach map of the in ll:lrvul be-

twBen :,wism:i.c horizons C and D ( fig. 22) ahd frorn considerations o F' 

the elastic: wedge moc!,~1 of sodimentati.on (fig. a) that the computed 

rates of :5ed:i.mentation far thc:2 pre-Sundays River seqL!ence will ba at 

a tn~··dmum adjacent to the bounding fault and at f!. mir.irnum in the dis-

ta1 Wlrt of tho wedge and over paleotcpographic highs. In the 

deepe;r parts of' the rifted basins the sediment accumulatirn, n1te:; may 

therafure have been considerably higher than tha recorded max:..n:urn of 

85 m/rn.y. Indcnd, if allowances were t.o be made for compi.ction and 

if U18 pre-SundE;.yS River sequence is no older than uppermost ,Jw'assic, 

85 rn/r.1.y. may prove to be a conservative astimats of tha av8rage verti-

cal fr':.:liment acctirnulatian rate • Thi.c cor . ..,lusion cor.firr:is tho view 

.::1xpras,:i2>d by Dingle (lg]5) that thi;i early Masozoic W().6 chs.rm::b:rised 

in th,01 .shidy lir8a by relatively fest seuimt:Jntation rates in rnspor.se 

to rifting which pracseded continental s2paration. 

The gr2y shales and siltstonm:; of th!:! Ini"anta and Colchasbir Fl.nr,ations 

ha.wi b:;:;en shovr.r to contain fresh water c~1tracoda, ligni tic matdrial and 

1oar:rn::., nscmfaur10. In th13 absence of fauna and li thof<"ciss which indi-~ 

cato si::dirn,nt,::.tion in water depths comparable ta the isopachs of the 

in·terv,il between horizons C end D, it is c;oncludsd that sedimentat:i.on 

crenurnlly kept pace with subsidence of the derocentres. Thu I'ela ti.on-

ship botween, amonµst ethers, subsidence ru,d sedimentat:ton was h,<pressed 

by G:Lc,ss (1952) a.s follows: 

s 

Q 

R 

!) 

M 

S = f' {Q,R,D.M) where 

::: 

= 

= 

"' 

:::,, 

sh:::i.pe or. gxternal gm:irnstry of a body of st:1dimsntary 
roe.ks 

quantity of r11ater-iel supplied to ths dc::pcsi tional 
si tE~ 

receptor value ( the ava.j_le.ble volume ;1e}o# l:;e.ss 
1<.::vel created per lJni.t t:i.r::1::1 by subsiasn~s) 

ti:i1,persal (r<::Jmovs.l r.f mc1.t£:uinl fT'O:l' the dupoe-i.·'..:.ionc:il . ' ~ s1 -ca J 

n•·1 -f··· i l cc,;·1 ',,-. 
'- H ... ---- ,/!.a·-· • • r::J J ••• 

...J 
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enhdls visual:i.zinG the Wf:dgo-shapsd axten~.:.::!. gccmotry (s) ot' the -.mit 

o.s n function of th.J quantity of mntorial {Q) sup~li<-d to thB dEpnsi­

tional site .:_-u,d subsidence of the depocent:ce (R); dispersal (D) could 

not hc::..vo been an important fc.1.ctar when one considers the confined and 

isulated nature uf the depocentres while the nature of the matBrJ.Hl 

(M) ca.n be regarded as constant in view of the comparatively hornoge­

nous provenance dominated by Paleozoic ssdimsnts5 

In terms of the relatively fast sedimgntation rate during pre-Sundays 

River times, both Q Rnd R must have been relatively larye 21nd larger 

near the bounding fault than towards the distal end. of ths cJ.as tic 

wedge. \Aihenever Q exceeded R, a regressive tongue (e.g. cnt1n Conglo­

merate interbedded with the Kirkwood) woulrf have protruded towards the 

d.ista.1 end of the wedge; the converse is true whan R exceeded Q when 

a tongue of F.rgil1aceous elastics woulcl have been j_ntarbcddgd v,i th coer­

ser elastics (e.g. tongues of the Colchester ::ir Infanta ForiT'.itions in 

the Kirkwood Formation). As sho\\n by Slm,E, ( 1963) there is gm1erally 

an intimate relationship between trAnsgref'sions ( R ( Q) and regressions 

( Q > R) and sedimentatiL;1 rates, e.g. the rEtLe of sedimentation during 

transgressions is slower than during rogrossions. 

The overall V8rtical li thofacies relationships of th8 pri:+-Gundays River 

ssqucnc;j i~; :;;uch that a prog:r2ssive upward fining is observed (e.g. 

Eni:ir. to 1,::> ·i<: wu :::id). This relu tions hip may be constrt ;p.d -tn signify a. 

prc.1r.;r:::~:i..'..vc.2 decl:ins of t8~tonifam and consequently of the receptor value 

(n) Md the quan-LJ.ty of detritus supplied (Q) to the depi..'Centres. 

Th:i.s Alb:i.G.n or B=:,rremian to V,1.langinian un:i.t was demonstrated i::c be an 

upwar'CI c·:::,c::..:.sc!ling, c8l tcic 2 . .nd shallow mc.irine saquenc:e. 

<'•h· .. , ... f ,.., . - ]C' •)n) t·•·-'"' 8 " P tt • c, ° C' .. • .. h "'•t·· 1 d' -· ·,f-' • ,, ,t!,,11 l. ·'-b'''• .,J 1 c... , 1.i..,, •. equ1:.nc~ 11.n"' 1.n a ... dt, ..... -a.~s t:1r y 1.rt:c ~ion in 

both h;a E:n:::de,sr::b~ 0.:10 Plet:rnns basi:1s; it. i•: tu be ex~ect9d that the 

sediment ac,~l'rr.ulc::.t:i.u'1 rutss shoul<i re FlFcir::t or. this oiJs,,irv3.l:;i.·Jn. In 

.-.,1\.111 :::;nd ·,n :~(F.'·~-Rll (.p;,., 2,::J· wherQ bo+-h ta..1 •.':!::i 3 nn,d '.~n -~ ~·i..:,r••'·sr'"' t.~- ., ., .. , ,, .... ···~· . i ., 1 . • 1 ,. --~-,i! o..J f . -- . ,,~. Ii:::: L.;, ,- u..!, wrr--+ u ... 41.1J ._ 

P,:-,"' r_,r·r.·.,.·.·'-.'"'>.··1··,!:, +h~ "--'1'1r·,.·r·:-i·.1. .. on raie 1.·s -''-oLr"- r:ic ·· 1·- ·•• 
-.. ..1. [.:J r- ....... r -· , •••• -~, .. ;u . 1~:, J ·~~J. V . .,., •.lt.J .. l,. \.,..... • tit/ ti!. Y' fn F-1 this 

Th1.1 !'"nc.xinv:..im /lZ? ••• 
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lhe maximum racorded rate of ssdirrienbitior. for the uppar Cc.mcii:lyn fli vor 

soqueilce (30 rrr/m.y.) is considsrr:tbly lowar than for the underlying pre-

and lower Sundays Ri1Jer SElquencds (> 85 m/m.y. ). Thi G conclusior. con-

firms the views expressed by D:i.ngle (19?5). The fact..ors Q F.ITTd Fi rs-

ferrad to previously therefore decreased at h:l !]her strati[;l'ap~,ic levels 

most probably as a result of general lnck of synssdimentary faults and 

rsduced 'tcrrigenoous input (Dingle, 1975). Ci.nee the upper Sundays 

Hiver sequence is a regressive unit, Q exceeded R throughout the lab3 

Lower Cretaceous. 

This unit is Upper Cretaceous in age and is µres8nt as n seaward-

thickening wedge. Hiatusses of significant proportions have not been 

datected wi tr,in the unit, As is true of the thicknes~ of the unit 

(Table VIII) ths average net sedirr.ent accumulation rats can 'Js grouped 

in order of the distMce of the boreholes from the co0stl1.ne :in the 

follo~~ng manner: 

0 15 m/m.y. . E-1, E-B/1 . 
15 30 m/m.y. . 8(a)-8/l, H(b) Hartebeest/1 . 
30 45 m/m.y. . G(a)-A/1, G( e )-A/2, G(c)-A/J, G( .;1)-S/l, . 

G(b )-Samsbok/:i.w F-D/1, G(b )-q:,ringbuk/1 

45 mjm.y. and ovar: F-E/1, F-1. 

Tha net sedirrcmtation in tho H(b )-Hartebeest/1 well is z,:c'O tn the inter­

val be-1:ween the CE:trnpanian and Lower C"'8taceous ( fig. 25) as f.! rfr':::'uJ.t or 
the hiatus on thG o.ngular unconfcrr;1i ty towards tile base of the.· Alpr1E,rd 

FDrmntion. The comparatively fsster rate of sedif'1cnte_t::i.un in tr,1:t F-·l 

well during the Mae!'oLr ...i.chtian serve::, tht1 e;c,nf':Lr,,1 that u d~pocp,-,tra was 

locatsd dnss to the shelf breEtk gt this time (fig. 24). 

D:i.r,gln (19?s) shrws i::hat the mei~ depocentre ~i[;r.J.ted in tt S13HW,~rd .:ii.­

rec:tion du?~ing '..he late Cretar:F..uus in ti 1e study area; he attribut3d the 

relati'-.."3J.y !=-.1!Jw P\Jerall sedimentation rate tot a:nongst other::, low terri­

g8n8,ll)S, :i.npu;:; which i.s ::.ndicatsd by or::niprBse;1'::; glc:~coni Le ir: the Alphard 

F:--11Ta tion. 



bir,,:i.tion of the fact.ors listed hereunder·: 

1. mild epoirogane":,is (sJJbsidr,nce) of the continental marrJin; 

2. choking of river mouths during nn Upper Cretaceous b·ansgression 

which Rona (1g;3), Flemming and R::iberts (l9'T3) ru,d others con­

sider to be worldwide: 

3. low relief of th13 prove:,anca during the f:inal stages of th8 post­

!:Dndwana erosion cycle (King, 19b1); 

4. a possible change to warrr,er climate. 

The homogenous nabJre of ths Alphard Formation ur.d the lack cf signi­

ficant hiatusses within the sequence on thei Agulhas Bank prsclud~s a 

detailed analysis of ths li thologic responses to v,--:..rying sedirnental;ion 

rates during the Upper Cretacoous. It is concl!.1dsd that te!"rigsneous 

input had ren.ained relatively constant and low, that s~bsidBnce of ths 

continental shsl f had been continuous and slow and that dopa ;;i tion had 

taken placB bolm: tha profile of equilibrium ( van Engeln mid Gastar 1 

lS.52). As sho1,\n by LR~vi.s (1974) the shore tended to He oil a seaward 

tiltir,!:::f surface near to thi,: line of no vsrtical movement (zr::ro i.scbese)i 

in the study area this line was close to the present .shoreline dlitinu 

ths Upper Cretact:Jous. 

Viewed as a whole~ sedimentation rates in the Agulhas Bank Bl'et:: dar:;raa.sed . 
exponentially with time at each point in a fashion demonstrated elsewhere 

by Sleep ( 1971, 1973) and on A tlan tic-typ s margi:1s (including the Agulhas 

Bank) by Dinyls (1975). 
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AFT'L lGP,TIC:N OF THE Pl.A TE TCCTONICS THEIJRY -·I-- -~~-'""..__,._ 
GENERAL STATEMENT 

Tha hypothesis of oce.::tn floor spreading as postulated by Dietz (l~Yol) 

,md Hess (1962) is synonymous with the theory of' lithospr.era plate 

tectonics or new global tectonics (Mc Kenzie and Parker1 1967; ln 

Pichon, 1968; Morgan, 1968; Isaachs et al, 1966; Dewey and Si.rd; 

1970) and continental drift (W'3gener, 1912; du Toit, 1937; t-bb1en, 

1931, and others). Plate tectonics, theory also includes the concept 

[lf transform faulting (Wilson, 1965). Evidence in support of the 

plate tectonics theory is provided by Sykes (196?), Heirtzler et al 

(la68), PitlmHn and Hayes (1938) and others~ while Meyerhoff and 

Moyerhoff (1974) are foremost amongst opponents of thti:l hypothesis. 

Tile credibility of the plate tect.onics theory has been enhanced in re­

cent years by the rccogni tion of linear, bilatero.lly symmetrical mc.g­

netic anomaly patterns ("stripes"), which link mid-oceanic ridges ( Vine 

and Matthews, 1963), and their dating by drilling in deep ocean basins 

(JOIDES Deer Sea Drilling Project). Tha rap1.d evolution of t/-:e plate 

tectonics theory during the past 15 years has ~ssul ted in a \ioluminous 

li taro O.H"B. 

The concept of plate tectonics implies that tht~ earth's outer su:rf'\.tce 

(lithosphere) is composed of a minimum of six x·igid plates ( le Pichon, 

J.968), which are in constant motion relative to one anothsr (Isaachs st 

al, 1968). The margins o·f the present plates are well-kno\111 earth~uake 

balts (Sykes, 19ti7) and can be classified accDrding to the mutual inter­

uc tion of platss as follows ( Dewey and Bird, 1g.70). 

1. Accreting (spr8sding, divergent) margins mark lor::i i where 

plat1:::s e..r::: ger,erated in tha axial rift valley of oceanic 

ridges an.:i by thu creation of naw octo1an~_c crnst through 

Examples of this type of margin, often q: .. mt:f!rl. 1 

a:r-s th1:; rl::d Ssa (,~tvenile stcite) and chf1 boundary between 

tl,,.;, Ai".iic,':n nnr::J f3.outh Amtffican plates at the mid-P,tlantic 

Consuming /.l.t3C ••• 
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2. Consuming (colliding, c:onv01sgsnt) margins are of cliff'ersnt 

3. 

types depr;;nding on the nature of the plates involved. Arc-

trench sys toms davolop whore two oceanic plates collide (e.g. 

Tonga trench)j subduction of the oceanic plale takes place 

when it collidss with a continental plats (i.e. Rlong the 

west coast of the Americm;;), and a folded mountain range re­

sults fmm the collision of tv.u continer.te.1 plates (a.g. tha 

Hi.malsyas between tha Africt1.n and Asian plates). 

Act-lve transform ( ''slide by") sheared margins. Al though trans-

fonn f'aul ts generc,lly occur within plates and at riE;ht angles to 

a.cc:retj ng plate l":icJ.rgins, they may const:i.tute the boundary be­

tween plates (e.g. between the African and Antarctic plates). 

REGION.AL PLATE TECTDN:1:G SETTING OF THE AGULHAS B/\NK 

The area studlt3d is located l1::111dward of the Agulhas fracture zone, with 

whic:1 is associoh:id a fructure ridge (Scrutton and du Plessis, J.5'73) and 

a linear, positive m9gnetic anomaly (Simpson, 1968). It is located 

e.lonr-j the 68°S small circle centred on on early opG11ing pols at 21,5°Nj 

J/1-,0uE (Gcrutton Md du Plessis, 1973j Franchets.u and le P-lchnn 11 1g;i2), 

anC: accrn..:nts 'or the she.m:rad, straight, narrow continental margin alor,g 

the South African east coast (Simpson and Dinglo, 1973; Dinglei lg]3). 

Ths fracture zone strikes roughly N 50°E, truncates tha Agullias urch 

( Bcr1.1tt.cn c,nd du Plessis F 19?3, fig. 3) and the early Mesozoic baslns 

E1nd Drchea b,,rtween Cape AguJ..has and [',urban (Dingle and Scr...1ttnn, 1974t 

fig •. J); it is equated v.ith tha Falkland fracture zonB (le Pichon and 

Ha~,2=1- 1971; Emery et al, 19'74j Dingle EJ.nd ScrL1tton, 1974) and has 

pleyei::: a significant part in the break-up of wast Gondwana (South J\me­

r2.cu end Africa). 

In a resum~ i::if t:1c Jevelopment of ptjst-•Palaozoic ssdimentnry basins 

around souU12ff1 f\fr:i r;a 0--lnJlB and Scrt.Jttcn (1974) show that the brt,ak­

up of so•2t~1ern Af'~-:ica b:nk place in hm phases: 

( i) ths SE.p~r1:11:ion ~eLwaa-1 east and west &indwana som8tirne 

. ···~ 
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between 200 and 160 m.y. 8.P. (Dietz and t-blden 1 lsrlGi 

f,crutton, 1973(b) which followed shortly on thl.3 extrusion 

of basal tic Stormberg lavas to produce e do,.nwarped me.r-· 

gin parallel t.o the lebomho monocline. l.htil such time 

13.S the e>~istenca of oceanic r:rust is proved in ths Natal 

Valley (west of the Mocambiqua Ridge) the line of sepa-

ration between west and east C:bn dwan alan d should be tak2:1 

to be along the sasteni flank of the MJcambique Ridge. 

(ii) the fr"':l.gmcntation of west Gondwana (South America and 

Africa) during the late Jurassic - early Cretaceous. 

D.Jring this time the Falkland Plateau broke away from 

the Mocambique Ridge perhaps by exploiting the southeI"­

ly continuation of the Lebombo line as a zone of crustal 

weakness (Dingls and Scrutton, 1974, p. 1470). The Ls-
bombo monocline involves continental crust and may be 

considered to be failed arm of a triple junction whose 

remaining components are the Agulhas fracture zone and 

the line of separation between the Mocambique Ridge and 

the Falkland plate. 

EVCLUTION OF THE AGULHAS BANK 

The following discussion of the geologic history of the Agulhas 8-:>nk i.s 

based largely on tha recognition of several li tho-tectonic uni ts in tha 

Mesozoic sequencs. 

Rifting Stage (pre-ValanginianJ 

Th3 lLtst major orogenic event to affect southern Africa priar to the br8Bk­

up ~f Gondv~analand was the necond and major ph..1se of the Capa orogany 

(235 - 2ro m.y. s.P.). It has been shown tha I: tha Masozoic ri f·::; faulting 

parallels t~e tuc~:mic grain of the Cape fold bal t in thEl central and eoi:.-

tern parts of the area studied. ~waver, it is extremely 1mliki.:1ly that 

a uenatic reltiti~·i.sh:i.p t:1.:d.sts sinc::e the Gondw.:ma erosior cycle (!<:Lng, 1951) 

intervenes be·t;;J,,.E;, th::; G:.::pc: orogsny snd Mesozoic Flfting (de Swardt and 

Benrn:.;t 1 1974); this dot:1f1F'1;1ulted erosiun furface can be equated with a 
'~ .. -. -



'iri ft-onset unc[jnformi i.;y "• (Falvey, 1974). A tectonic event, ref1.ec-

tad by upwarping of the rim of ths Africari ccntinent (de Swardt ond 

Beo~.net, 1974)~ mP.y have been pe~"lecontemporaneous with the rifting of 

Gondwanaland. 

The. onset of tho fragmentation of wast Gondwanala,d has been dated 

from magnetic evidence as 125 - 130 m.y. B.P. (Larson and Ladd, lg]3). 

The 162 m.y. age of tha Suurbsrg Group (Winte:ir. 1972), and its strati­

'}r.::i.phic position oelow the Enon Formation (Hill• 1572), may indicate 

that rift-lng dates back to th3 end of the Middle Jurassic or at lenst 

to the Lt-.ts ,Jurnssic as propossd by King (1951, p. 246) and by Maud 

In thi= context the Upper Jurassic dating of the Brenton 

bi:EJ.3 { Ging1n and iQinger, 1972) is often quoted as signi fie ant in 

tm.-;r1s of the timing of tha break-up of Gondwanaland (Dingle and 

K.lingm·, 19'71), although McLRChlan et al (in prep.) indicates that un­

ambiguous Jurassic fauna.s have :iot yet bean id131'ltifiad in boreholes on 

the Agulhas Bank. 

rt'is my opinion that the early Mesozoic rifting took place e::::.rlisr than 

i:ht~ \!r1lanyiniari (before ebout 130 m.y. 8. P.) and that it may hava been 

iniiiated towards the end of tha Middle Jurassic (circa 160 m.y. SAP.), 

Le,, after the outpouring of the Drakensberg Baes.lt (ca. 180-,170 m.y. 

6. P.). The dft:i-rig is seen as the response to divergent, right lata­

rn..1 stresses which wera ultirna.tely responsible for the Agulhas marginal 

frnctur-8 zone d~weloping into a trough-going fault. The cessation of 

sign:Lficrmt rifting during :~~e Valanginian at about the levsl of the 

sei$mic 1orizon C unconfomi ty is taken to signify the culmination of 

thB early phass cf ~·-a·ench-zona tectonics. 

A pal~ogenlur:;ic r::;;c::::,:;,t:ructio:i of the Agulhas Bank and surrounding areas 

during t!1s la.ti? ,iurn.ssic -· sm·ly Cretaceous (fig. 26) prior to the devel-· 

opment of ths tl1:---1Jugt1--going Agulhas fracture wn~ snows the src;..,ete ncrture 

uf the tectmic proin and the existence of a number of block-faulted ba­

sin::, ·tihich ,::oncr-:,ivsbly may have developed als::J on the adjoinina Fa.lklo.nd 

pla.teau ( ;~ewi:.un, :1.:..: /3). in its early his tmy, thorefo: ·e, th\:< ri rted 

bGsi::,: i't,:n-e· :!.ntran,i·,t:inental faatures (Dingls and Scrutton, 1975) • 

. . --~ ~ 
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Taµh..ogenic seciir,1Gntation has been shov..n to ch,1ractE1rise tha e,::.rly fv'c1e1c:= 

zoic riftin!J sta9~1. Ths Plstrnos, Gomtoos end Algoa basins, and al!Ju 

p2:·haps the Bradasdorp basin, ware yoked to complementary upli f~s { er.:::l-·2::-.,) 

by way of nonnal faults. The coarsest elastics (e.g. Enon conglornarai:e) 

are thought to have accurnulated near to the fault-bounded margins t.1 F t~m.a 

asymmetric hc1.lf-graben (fig. 26). Alluvial sediments (e.g. Kirk,tood 

Formation) and estuarine-lacustrine grey shales (Infenta and Colchaster 

Formations) which contain a limited marina fauna, replace U:s Enot1 vs1-

tically and laterally. The elevated Agulhas, Infanta, St. Franch, an,.l 

Hecife arches received little or no sediments, and for all practical pur­

poses separated tho Bredasdorp, Pletmos, Gamtoos and Algoa basins; thuse 

a::cc:hes may have bean elevated above sea level as is indicated by the red 

shalBs of the l".J..rk'Mlod Formation intersected in boreholes on th8 lnfrintu 

arch. The Oudtshoom, f!osssl Bay, Rivsrsdale and other onshore Mi~sozoic 

basins rnay be the remnants (roots) of originally rnuch larger basins. 

Tha directions of sediment influx into the rifted basins were r:onbulleJ 

largely by, Bild were at right angles to marginal faults; signifiLt.:nt en-~ 

try points may also have existed towards the northwesterly extremities cf 

the basins. The rats of sedimentation was shown to have been relntively 

fast ( ::> 85 m/m.y.) throughout the deposition o-r-· the pre- end lc1wer Sund.:eys 

River sequences. 

A pre-rift intracratonic basin, which is common although not n necossary 

element of continental margin development (Falvey, 1974) has not !:men 

recognised nn l~hs .A.gulhas Bs"'!k. It is possible, however, thf1t thn Rob-

berg Forr,ation ( Rigassi and Dixon, 197Cl) and the lowermost parts of the 

pre-Sundays River sequence may prove tc belong to a pre-rift cycle uf 

sedimentation. 

Tile presenc8 of marina fauna in the Colchester and Infanta Forn1uticins 

does not nccessali ly signify access to the v..or1d ocean at the ons~c of 

separatlon between the Afrir,an ancj Falkland pla.tuau. In contrast marine 

fo.un:;i in ths lGWEll' Sundays Ri,JP.~:· sequence, which was deposi tad toward3 

tho and of thr3 ri fi;:;.np stage, mey record marim? incurc::icris onto tr,E: /,uu1-

haa 8n.d~ ct thB tiu1s of tho b~~eak betwsen east a11d west Gcndwa'1a ( Dir19lc 
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[.tri fting Stags ( Vclenginian - lpper Cretaceous) 

t\ctive rifting on tha Agulhas Sr.,nk all but ceased at the time of the de­

velopment Df the 1 .. mconformity on seismic horizon C (Valanginian! r,irca 

125 - 130 m.y. B.P.). Reactivation of a limi tad nurrlJar of syn-sediman-

tary faults occurred subssquently j this was demonstrated £mrlier }.n 

respect of the Plettenberg and Port Elizabeth faults at the mar-Jim; of 

basins and by the Superior fault. It is concludgci that seismic hurizon 

C effectively marks the tims cf breakthrough of the Agulhes ma~;ina.l 

fracture to the surface and to tha onset of separation between the Afri­

can and the Falkl,:md plates; the Agulhas Bank therefore becsms Um pas­

sive trailing edge uf the African plats sometime during the Valang:lnian. 

Permanent marine conditions had also become established on the A!;r,ilhas 

Bank at this time as is the case in the onshore Algae. basin ( Sp3.tll, 

1930; Winter. 1972j and on the Falkland Plateau (DingJ.a, 197Jf e). 

The upper Sundays Ri var sequence ( Valanginian - Albian) was dr:>pnsi "i:ad on 

the Agulhas Bank dur:i.ng the period intervening between the ,~ifting st~ge 

and the deposition of the transgress::Lve, marine, Lpper Cretaceous Alphard 

sequence. The upper Sundays River sequsncf:! was shown to bs bounded 

approximately by unconfonni ties close to seismic horizons A (top) end C 

(base); it is made up of an upward-coarsening, regressivs, deltu:l.c and 

shallow marine unit which prograded into ti ,u Bretlasdorp and Plutmms be-, 

sins in a south-eastarly dirsr;tion ( fi:;J. 27). The upper Sun do,ys R:i. ver 

sequence :ts synchronous with tile lnts Albian regression rsfez·rad to by 

Dingle nnd Sc::riJti..c:1 (1g75, p. 1471), which affected tho whole sotithsm 

African coa:::,tline. Thr=1so uhove basiris were rr,ughly ovate in outline; 

isops.chs of tr,a soquance (fig. 23) suggest that the Bredasdorp basin 

may have closed in e. s~award dire.ction. Thin in ter-dol taic sedi-we-::nts 

were be::Lng daposi 'L:ed uver tha Infanta arch. Tha Pleb1os basin mt;y have 

had accr2s~:; to e. shalJ.ow npeiric sga which exist<>r.l at thi1:1 tinis, whila it 

is not knrn.M1 whethm· th~ uppnr Sundr1ys Ri'J9r ssqui:;nes w&.s ever· da;.::csitsci 

in the Gamtooe bn sin" 

The ten d2r1G>' for basin':', t.o be limi tad in a sea·::::r-d d:i. re..;tion may he con-

paret:Lnn batw-.:;an •' .. l ... ,_ 
.,.f H,_. fract.uru 

ridge 1-t '",,-,, 
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http:6halJ.ow
http:dur::i.ng


CA PE 

fracture ridge 

f ---.....-.-.-.-.-.-. -a-::::i:::Y 
0 0 0 0 0 . . 

FOLD 

AFRICA 

? • 

EXPLANATION 

:Rising (positive)areas 

- :Sediment dispersal 

:Sand deposition. 

·_-_: :Shale deposition 
-=·"' 

mc:is. 

EXPLANATION 

m :Lebombo monocline 

~ :Qceon1c crust. 

• Deep Sea Drilling ProJect well site. 

Submarine Contour 1n feet (isobath L 
_____ 600 •• r 
--- 6000 SOUTH AMERICA 
-- 9000' 

.......... soo· r 
........... 6000: AFRICA 
......... 9000 

0 l(j>O 200 300 400 ~00 lllilH 

I i · I 11 I 1 1 11 I t 
100 500 800 kHom•rru 

FIG. 27 PALEO - GEOLOGIC RECONSTRUCTION OF THE AGULHAS BANK AND SUR -
ROUNDING AREAS DURING THE LATE LOWER CRETACEOUS (CIRCA 100 -
110 m V 8 P ) 



1.:17 I 

r'it:!:;:1u could have inhibi tGd cve:l'."'spill into the n::ijcining, newly--crmJted 

oc;oan basin, since a minimR.l thtckness of Lower Cretaceous sediments 

is reported from Joi des D.S. D. P,. drillsi ta 361 ( /JicLc1.chlan ~ pars comm). 

Hi thorto the ear lie.st knov.,n stratigraphical discontinuity within the 

Menozoic was the ''mid Cretaceous'' unconfonni ty refarrsd to by HmJghton 

(1969) Kennedy and Klinger (19?1) and Dingle (1973 (c) ). The Valan--

ginian unconfrnmi ty on the Agulhas: Bank pre-dates this discontinuity, 

is considered to rrark the onset of separation l:.6tweer. the Falkland and 

African plates, and may be coincident with uplift of the hinterland 

and the initiation of the post-9:lndwana cycle of erosion (Dingle c'ind 

Scrutton, 1975. fig. 5). The upper S.mdays River sequenco 1i1,as dsposi­

tsrt towards the end of n relatively slow drifting period of 1,6 cm/yr 

for the period 12? - 110 m.y. 8.P. (Larson and Ladd, l973). This slow 

spreading prer.;eeded a relatively 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 sequence on the Agulhas Bank corresponds tG the 

restricted marine li thofclcies postulated by Dingle (1975), to the proto­

oceanic sedimentary cyclB (Lange, 1973 ), the transitional sedimentary en­

vironments ( Reyment and Tait, 1972) and the post break-up stage (Falvey, 

19?4) in reference to Atlaritic continental marLri.ns. rt is within this 

sadimentary-te:::::tonic cycle that major evapori.. tj c i:;equsnces were generally 

deposi tad in thos1J African South American constel Mesozoic basins wh:i.cli 

lis north of the Walvis- Ri.o Grande lineaments. The absence of similar 

li thologies on the Agulhas Bank may ba due to n varisty or reasons, such 

~s inadequate silling of the basin, an oversupply of elastic materieclt 

nnd unfavourable climatic: condi ti.ans. 

D.n-ing the Lpper Creteceous, when the Alphard m3quon:;s was depcsi ted on 

tha Agulhe.s 82:1nk, thGra was continued subsidB•;c:r,: Df the At:ii..ilhas Bc1:-1k una 

~~ub:nsrgencs of the Falkland Plateau ( Dingle, Hi':1:::i) w~dch en:.;u;:-cd r..:ninte, ... 

ruptod access to the w:irld ocean after th;::, w1.n•ld .. 0 wide Cenomanian trans-

'Tr·~sri' on r Fl~,,.-: nr~ "'"'"" Ro'o·erts 1,..,.,q '1 ~ t..,;,"-' \. ~,;_,n, ..... • ·~~ t"l".J1U j ::II~ iii The Agulhns marf,-Jin~1 fr"'cture 

ridua ::.nt1:~.b:i. tod datri tal sedirne., t dispersal into thr, ndjoini.ng Agulhas 
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8Bdir,1antation ratos during the l.pper Crota.ceous were compBr>a.ti.vely slow 

(50 m/m.y,) and roflects on the p;.'"'Ogressive oceWi'Nard shift of the main 

depocentra v,i th time, the low datri tal inr-ut and possibly low :-slief on 

land. Subsidence of the continental margin continued in response to 

progressive cooling of the li thosphera and the adjoining oceanic bnsa­

rnant and during a relativaly fast episoda of spreading (Lacson and Ladd, 

1973). The spreading centre which had been situated about the i\g~lhas 

Plateau may have become extinct at this time .. anu c:onceive.bly shi.ftcd to 

a position on the mid-Atlantic ridge (Scruttnn and du Plessjsj 1.973). 

The lpper Cretaceous history of the study area was termi.natad by ero­

sion during a regression which started in the Mae~trichtian a11d pro­

duced the unconforntl. ty towards th9 base of the Alexandria Formation. 

This unconforni ty has been equated with the initiation of ths African 

denudation al cycle and uplift of' the south:im A fdcBn cuastal regions 

( l~ng, 1951). 

CONCLUSiON.S /l39. O I 



CONCLU:JIONS -· 
The Mesozoic history of ths Agulhas Bank was pr8cf!dad by i;1tanse, ar­

cuata, northerly r:'ire1::;ted folding during tbs Triassic of metamorphosed 

Palsowic Karoo eJ1d Cape Supergroup m,dirnents nnd possibly of older un­

derlying rocks and by the development of a comparatively smooth denuda­

tional surface on Gondwanaland. 

Nonr.al block faulting dominated the early Meso7oic tectonic phase on 

the Agulhas Bank. These rift faults developed in response to right-

lateral stresses along the embryonic Agulhas marginal fracture zone. 

The right-.,lats:ral e.tti tude of stresses is reflected in a left-hand, 

en-eehe~c.?.!l arrangement of some faults and by tha progressive cloc~~wise 

rotation of fault blocks from a roughly east-west orientation close in­

shore to a no:·th-south one near the marginal fracture zone. Ths early 

Mesozoic tee tonic grain is parallel to the trend of the Ce..pe fold bel i:; 

in the c8nt:rul and eastern parts of the Agulhas Bank and al;:r.ost at 

right e,nglss to it in th:: w;.::stem part. A structural map c,f seismic 

reflE?ctor horlrnn D (acouBtic basement and base of the Mesozoic sedi .. 

mE:nts) reveal.~ t~1s presence of the following basins and intervening 

ar-i."'.h::s ( from wRst to east): 

Agulhas arch 

Ocedasdor,J ba1:.in 

Infanta Rrch 

Plstuos basin 

st. Francis e~ch 

GamtoDs basin 

Recife arch 

Algoa basin 

Tho basin::; are all deeper thun ::lOOO m balow pr,~s8:1t sea lev8l, the 

hal·~.~gro.bcns in the Pletmos basin to the north nf the Superior fault 

and to the tirn:..d::-: of tne PlGttE.1·,bsn;; fat2l t, and thosa of the Gamtoos 

and !\1gue. bE"::iins nay be mot·e than 5 km .:leap. 

l ·he b.,.,,.: n" /111 O c.....u• .;.,. '-~· o e 11 



The basins contain the syntectonic pr'L'>- and lowo:r Sundays Rivor se-, 

quunces ( lower:n::ist Cretac8'.JUS and l.pper Jurassic or nlder); thssH 

are truncated lDcEdly by an unecnformi ty on seismic rsflact.or lmri.zon 

C. An unconformity alsc, intervenes bstwsen tha transgrensive Sundays 

River (ValBJ1ginian) Fonnation and underlying units and iE: conside:'Gd 

to correspond approximately tu the Jurassic-Cretaceous boundar;. In 

th13 pre-Sundays R:tvur SGquoncG: the Enon Conglomeral:".e Formation gives 

way vertically anr:l laterally tn the Swartkops Sa.nostone Formation, the 

Kid<:·,\,ioci Formation ( red muds tones) and tha In fan ta Formati.on (grRy silt-

.J'b:::ine ). The Colchester Formation interfingers with both the Kirkwood 

eJ1d Ini'anta Formations. A cl13.s'l::i.c ( arkose) wedge model of bast:-i 

filling is envisaged for the pre-Sundays River se~uen~e. In terms of 

this rnodcl the coarser and thicker detritus occumulated close to the 

bounding fault, subsidence of the depncentro was induced by intm'illi ttent 

fa.uJ ting, and an intimate bal::mce was gem,1ally maintcined betwaen sub­

sir1enca and sedirnantation~ so t:1at deposi ti.anal environments were domina­

ted by terrastrlaJ. ir.fluencas. The sparse marina micrufauna fro,n t1·1a 

grey shF1.les of tha lnf.::..'1ta nnd ,:::o1chsstar Formations ~ra inctlcativl'r of 

lacust:dne end riSWarine con di ~ons which are thought to ha.vs prevailed 

in the distal parts of the elastic W8dges. Al though varlable:t the net 

rate of S3dimer.t c:v:cumula-t:i.on during pn,.._Sundays Ri.ver times wa :1 compa­

ratively fe,:::;t ( 85 m/rn.y. ). 

The Sundays Rivf3r Formation (Lower Cretaceous, ValBTJginian to Albiun) is 

made up of shallow murine and rial taic sediments wi th1n which four Members 

(SR-1, SPr-2, SR-3, S8-4) are rncognirn3d. Iri ths type are o. rnaJor intra­

fo:-mational unconforni ty r.in seismic reflector horizon C occurs tow1:E'Cls 

the base of the SR-3 Member; it cuts across prog!'f~ssively olden' undeP­

lyir.g units to re:st on bosernont on the Agulhas, Infanta, St. Fruncis and 

Rer;ife. an::hes and Bffac.:tively marks ths end cf the early t,:c.so2.o:LL-; rifting 

st1:,gs Ot'1 the Agul:·1,0.s Bank; it concei vnbly may mark the initiation of 

the post-Gonr:l\11ana Jenudational cycle. The establis:1.r.E',nt cf' psrrr,a,snt 

marine ce:nditio:·rs during lov1sr Sundays River (Valr1;1ginie.n) times is 

thought to have Cllincided wl th tha commencement of S8parati::r, b9tW3S.'l 

the Falkland B.nd ,\L-~i_can plates (Ls. the break-up of wost GLndwana) and 

rne.y h::.v8 beer: controlJ.ed in part by ths scpw~aticn beb\h35il east Arid west 

The uppm~ /.1..lil. •• 
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http:Formati.on


141. 

The upper Sunday::; PJ.vcr- sequsnce consists of an upward coarsG;-.ing cycle 

(SP.-3 marine shale to SR-4 lignitic sundstone), 'rk.ic:1 was duposited as 

a. prograding, rerrressiva, del ta:i::.; unit, v.tiich orilaps t~s unconformity 

on seismic hlJrlzon C in a south-easterly direction. Tv.o main depocen-

tras were present on the Agulhas Bank during upoer Sundays River times; 

these were roughly ovate in outline, cofr,cide with the underlying Bre­

dasdorp and Pletmos basins and ter.d to be closed in a seaward direction 1 

probably as a result of the: emplacemsnt uf the Agulhas margina1 fracture 

ridge nec1r the edga of the new::'..y created narrow osean trn.sin between the 

Falkland and African plates. 

A transgressive uncm~fonnabl8 relationship exists between the upper Sun­

days. Rivsr SBquence arid the overlying Alphard Fomation ( Lipper Cretnceous} 

the base of which is close to seismic reflector horiznn A. The co:, figu-

ration of the base of the upper Sundays River unit, that is seismic hori­

zon C, is e subdusd replica of deepseated structure, so that warp axes are 

superimposed Dver th8 Breda:sciorp, Pletmos and Gamtoos basins, whilt3 

horizon C is dre..pcd as ~'.:luth-east-plunging arches ovr::r underlyina horsts£ 

The Alp hard Fa ma tion (Upper Cretaceous) is comprised cf soft, glauconi-

1..-ic-rich marins shales vr.i. th eyubon:!inata sandstonss and thin linestones 

forming a confonr1E:ble seaward-thickening wedge. of sediment. Its uncon-

t'onnable bass (neftr seismic horizrm A) Js e~sentially plariar and is rare-

ly di.~placer.i by faults. In the Algoa basin the basal uncnnform:i. ty is 

overstepped by laLe-Cretaceous ( Campanian) sediments; this ur.dwlating, 

erosional diachronous, interface ( top layer 3) rests with a 20-30° cii.sCOl'­

dance on the Lo~ur Cretaceous Hartebeest fonna~lon, which is a possible 

latar;:;,l facies eq:,tivalent of tbs Sundays River Formation. 

Saismio reflector,,; ( time lines) within ths Alphard Formi.1:d.:_m prograde in 

a S8d,\fa.:rd direc:tion, consistent with the outbuildirig of tha r-.ont-lnP:1tal 

stiel f ln l'fis.ponsa to a progrsssive ocefJnward shift af the main dapacant:rs 

at the contine:,ta1 mar:;p.n. ThG rate of shelf out!Juilding in the western 

part of th:.1 !1gulh:is Bank was faster than els1::1where es a ?asul l of a rele­

t:t\1.::J.y g:n:,::l':;sr ir,put of' detritus by thB tv,o maJor rivers 1 the rrirnordial 

Th8 overall rate of sedimentabon 11uring tt:s Li'f:ioe:r 

Ub.; ,. ,, ,.: tv /·, 4..-J 
...... , ..... .L ... , _, c:.. ••• 
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ubiquity of glauconita in the Alphard Formntiur! U1iti ~:estifies to the 

existence of a sadirnent-sta.rvGd basin at this time and an overall ex­

ponent-.ial dscline in ssdimentati;:;n rates during the M2oazoic on the 

Agulhas Bank. 

The Alphard Formation was deposited in r'6Sponss m continusd mild E;;peiro­

genic subsidence of the continental margin, concomitant vii.th continued 

fast spreading of the African and Falkland platen 1.:i.nd a wcrld-wid8 austa-

t:i c rise in sea levsl. The MGsozoic histcr.t of ths Agulhus 83..r-ik was 

tenrd.nated by dsposi tion of the Tertiary Alexandria Formation during a 

regression which commBnced in the MaestrichtiM. 
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