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ABSTRACT

The anatomy and taxonomy of the southern Afxican fossil rep- .

tile Mescsaurus Ffrom the Whitehill Shale Formation, its palaeoe-

~cology and associéted fauna were studied.

A study of the biozonaticning'of the Whitenill Shale has shown

" that the Formation is a chronostratigraphic unit, It is posfua
1aied that the 2lmost identical Whitehill-and‘Traty-Formations
were deposited in shallow contenporancous embayments of a'cén~
tiral sea arm that occupled a position between the fwo continents.
The watexrbﬁdy.was stratified withvanoxic, toxic, bottom brines
thét pxevented4ﬁhe establishient of a benthonic fauna.

A study of the newiyrcollected fossil material Jled to a new in-

texrpretation of the cranial morphology of Mesosaurug and 1t was
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found to be anapsid and closely allied to Limnoscelis. If

- M, tenuidens :is to be regavded as typical for the Mesosauri-

dae, all the members of the order Proganosauria will have to

be transferred to the order Cotylosauria,

M, tenuidens was found to differ from M.brasiiiensis and is

the only species.of Mesosaurus in the southern African Per-

"mo~-Carboniferous Whitehill Formation. Along with it two

more forms, Noteosaurus africanus Broom and a yet unidenti- -

fied species, identical with or closely alliied to Stereo-

et

sternum tunmidum occur,
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INTRODUCTION

"of contempbrary tetrapod life in Gondwanaland we know almost
nothing with one notable excepfidn" (Romer 1970‘p.‘2). This

‘"notable exception" is Mesosaurus which became closely asso-

ciated with the theory of continental drift and affords oné of
the strongest afguﬁents that can be derived from vertebrates in
favour of the former union of the southern continents., This ar-
gumént, used by early advbcates of the theory of continentai
drift e.g. A,L.‘du Toit, was reiterated so freﬁuently.that it
beeamé.entrenched in Gondwana 1iteraturé to such an extent that
any evidenée for continental drift derived;frqm'fossil reptiles

automatically becomes associated with Mesosaurus, This explains

‘why Ager (1975) in a general texfbook.on Geology confuses thé

- discovery of Lystrosaurus in Antarctica with Mesosaurus.

The axiom that the endemicity of Mesosaurus in the Whitehill

and Iraty Formations of southern Africa and South America res-

pectively is proof for the jﬁktaposition of the two continents

during deposition of the shales ih'which Mesosaurus occurs, is
bésed upon its supposedvinability to "breast ‘the waves'over

_éeveral thousand miieé of oceéhs which now separafe these two
continents" (Romer 1970 p. 3). Had modern turtles been kncwn
_Vfo man_aé fossils only would any palaeontolbgist have dreamed
'that these seemihgly clumsy creatures could navigate the high

seas?

The axicmatic acceptance of Mesosaurus as proof of a former
African~South American link weakens if we critically examine

our knowledge of the Mesosaurus species from the two continents,

In fact, of Romer's (1970) "notable exeption" we know very lit-

tle, 7To date a thorough comparison of Mesosadruswfype material

from the two continents has not been made, the cranial morpho-

logy of the South African form is'Virtually unknown and diffe-
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rent inferpfetations of thé girdle anatomy of the species from

‘the two continents were made by Seeley (1892), Broom (1904) and
Mc Gregor (1908); -

In épife'of the present; almost universal écceptance of conti-

nental drift albeit by'the new theory of plate tectonics; and

the wealth of new palaeontological and palaeowagnetic data that

was accumulated in its support, our knowledge of Mesosaurus has
remained stagnant in the more than thirty years since Du Toit's
époch making book "Our wandering continents" was published in-

1937. The last majorxr work on South African Mesosaurus material

was done by Von Huene as long ago as 1925,

It should be clear that a study of the whitehill Formation
.(formefly known as ‘the White Band) ifs fauna and palaeoéﬁvixonu
ment is. long oVerdue, This»study aims at providing answers TO
qﬁestibns such_as the biozonation of the Whitehill Formation

the salinity, water depthvand the connections between the White-

hill and Iraty Basins with each other and with the world oceans.

In collecting new material of Mesosaurus and in studying the
Permo=Carboniferous ‘Formation in which this aquatic fossil repu
tile occurs, it was hoped that the cranial anatomy Qf the

. 3

southern African form {or forws) and iis palaeo-environment

could be unravelled,.

To some of these problews solutions were found, others remain
to be answered conclusively but even on the latter terrains oux

better knowledge of +the Whitehill ses and its environment will

.

B

[

hopefully provide us with the insight to theorise with a litile .

more confidence.
From this stem the dual nature of the present study, In tilhe

first instance a better understanding of the palaco-environment

< - . - . . . .-
of the Whitehill Sea was sought and in the second instance the
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morphology of the southern African_Mesoéaurus«sueaies'waé
studied to clear up the taxonomy and to esuabl*sh the SjotO"
matic p051t10n of the famlly within the Reptllla,
The conclusions reached in the present stﬁdy;on the:deposition
“and énvironment of the post giacial beds cénfirm to a iafée
extent the views expréssed‘by Du Toit (1937). It is thue f
ting to qubte from his book (p. 78). "They" (the WHlichlll
and Iraty shales) "were deposited in shallow-aeas, in'basins

like the Black Sea or Baltic or in estuaries, where the oo,tbm

muds were in places charged with sulphuretted hydrogen. Their

dominantly fine grained nature is obviously due to‘the'smail
relief of the jce-worn continent, the high proportion of bare
rock-surface and the clayey texture of theamorainid-covéﬁipg}”
The post Du Toit-literature shows 1ittle sign that}workérs'had
grasped the full significance of his briliianﬁ;iﬁsight, This
is perhaps nof surprizing because Du Toit himself altered his
views somewha* in a later work (Du Toit'1948).

This study is the fjxst to deal with Lh@ genex al morphology

and the affinities of Mesosaurus since the-WOfk of,Von‘Huene
(1925, 1941) and the first a%tempt ever,  to unravel the cra-
,nldl anatomy of the qoaih@tn African apec1es, Von Huer 2'g

(1941) description of the skull being based exclusively on

the South American species,

My inter rpx etation of 1n9 skull dlffers conéiu rlbly From that

of Von Huene, Apart from what are obviously species differen-

ces between M.brasiliensis and the south African M. ten ijens,

there are alsc differences on a more Ffundawertal level e.gq.

Von Huzne interprets the temporal region as synapsid whereas

I find it to be anapsid.
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y
It is therefcre clear that a re;examination of the Soﬁih#
American material is necessary'and perhaps long overdue. NuF
meroué attempts to obtain the types of the South Amepicén¢5pe~

!

cies, Mesosaurus brasiliensis and Stereosternum tumidum. failed

- and only a replica of thé type of Braziliosaurus sanpauloensis
housed in Japan, could be obtained. A much needed'COmbarison
of the types from the two continents and a re-examination of
the cranial morphology of the éouth American férms_mdsf'thexeél

fore be given high priority in future studies in this fieid‘
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THE WHITEHILL SHALE FORMATION (WHITE BAND)
1.. NOMENCLATURE AND DISTRIBUTION

The Whitehill Formation was formerly known as the White Band,
a name that is well established in the literature (e.g. Schwarz,
1903; Rogers and Du Toit, 1909; Du Toit, 1937; 1954; Haugh-

ton and Frommurze, 19363 Russel, -1939; Von Huene, 1956;

Schreuder‘énd Genis 1973.-74; McLéchian‘and‘AnderéSnv1973; .
Anderéon gnd McLachian, 1979)" The naﬁe Whitehill.Shalé ﬁ;fmé4
tiqn,'Wasmcoined‘by-Johnson, Béfha,’EngelbreCht,.Hugo, Keyser,
Turner and Winter.(1975). Accofdingvto Anderson and McLachlan
- (1979) this was.not a formal proposal in accordance with the |
requirements of the South African Code 6f Stratigraphic Ter-
minology and nomenclature (S. Aff, comm. Strat., 1977) and
these authors still use the old name, in the present work I

shall use the name Whitehill Shale Formation in preference to

3}

>

white Band and it will be épplied to iﬁdicate.fhe unit of

white:weathefing fissile black shéles near the base of the

Karoo sequence only (éee Fig. 3). The éherty beds‘and intér-
- calated Qolcanic ash 1ayérs Which are s¢ conspicuous in:fhe.

south-castern part of the Karoo above and below the white

.'Wéathering shales ére_theréfore‘excluded. It therefore'im-
'plies that only the third mémbér of Russelts (1939) "White
Band" is taken as the equivalent of the Whitehill Shale For-
‘mation. |
The Whitehill Shale thereforé occurs between the Prince'Albert
Shale Formation of the §oufhérn Kexoo (pért of old UUppeerwyka

Shaleg) and its equivalents elsewhere in the basins to the
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north and the Collingﬁam and Tierberg Shales in the sdutheast
and northwest respectively. It therefore forxrms part of the
Bcca Group the lower contact of which is taken at the top of
the Dwyka Tillite and.the upper contact of which is a vague
boxder soﬁewhere below fhé first purple mudstones of the 234

pinocephalus zone of the Lower Beaufort and the Waterford

Formation in the south. Elsewhere in the Namibian/South West
African'Basiné thé upper contact is even less well defined‘
The white Wheathering”shales can be 1tracad on both its con-
spicuous iithology and its fossil content over vast traéts

in southern Africa, (See Figs, 1A and 3A & B). '
Like the Iraty Forﬁation of the Paraha Basin of Brazil, which
fhé Whitehill ﬁormation closely resembles in litholoay, paQ

lacontology and age, it is monotoncusly hemogeneouns cover jmnen-

S

[

areas with only the élightes% of facies changss in small
nearshaore areas of the-sedimentary basins. The black silicious
shales presently occur in four separate basins in southern
Africa covering more fhan 30C ,000 Km® (Anderson and
1979), According to these‘aufhors its original deposifional
area could have been close to twice its présent size but on-
what grouhds this aSsqution‘is>paSed is got‘ﬁgﬁé CIQa;,

“the Irafy shales are even more exténsive, cove:ing more than
three times the area of the Whitehill Forwation and the Ivaty
- and Whitehill outcrops combined, not inciuﬁing areas lost by

erosion, are about three times ihat of the Black Sea (Ander-

son and McLachlan 1979).
{1) The major part of the Formation is presexved in the Great
Karoo Basin (name from Martin, 1961 and MclLachlan and Anderscn

n

1973)., The basin is separated in the north wast from the more

4

northerly basins by the Ghaap plateau and Transvaal "highlands™
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(McLachlan and "Anderson 1973) for'ﬁost of 1ts length. 1In the
Orange River‘regidn between Upington and Vioolsdrift the ba-
sins are at'présent oﬁly separated by the erxosion valley of
the Orénge River; a valiey which is most probably a re-exca-
vated préquyka drainage canal (Helgren 1979), It is there-~
foie'not impossible that the Great Karoo Basin was once con-
fluent with the Namibianvbasins’to the north,

The'Whitehill Formation is recogniéed as far nbrth as the
Hertzogville area.in thé’west (Cole 1978) and the scuthern
’Transkei‘in the east (Du Toit 192C). Tentative reports of
the presence of this unit from the Port St Johns area (Ho~»
gers and Schwarz 19003 Du Toit 1920; 1946) should be tréa~
ted asjunconfirmed until its presenée cam be confirmed on
palaeontological grounds.' Anderéon and McLachlan {1979} who
followed up the tentative reports were vnable to locate it.
In the southern part of Namibia this ?brmation ig present in

two more basins,

(2) Firstly the Karasburg Karoo Basin (name'from Schréuder
and Genis 1973~74 with synonyﬁég Warmbad Basing Martin, 1961;
McLachlan and Anéerson, 1073 Andérson_éw M., 1975; and
Crange River Basin;i Frekes and Crowell, 1970). 7This basin,

" as has been indicated, was ﬁrobably connected io *the CGreat
Karoo Basin to the south and also to the Kalahari Kardo Basin
immediately tco the north and east. .
(3) Secondly the Kalahari Karoc Basin (ﬁame'from Green 196?

and Anderson and McLachlan, 1979 with synonyms: South Kalaha-

ri Basin

we

Martin, 1961; 1968; 1970; 19753 Xalahaxri Basin;
Maxrtin, 196%1; Heath, 1666; Mclachlan and Anderson, 1973).
This basin has a white-weathering unit at the top (Fig. 3B)

whose correlation with the Whitehill Forwmation was in doubt
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(Martin 1953). This unit is restricted to the south-western

corner of the greater Kalahari Karoo Basin which extends over

a 1afge éréa undernéath a-coﬁering 6f young Kalahari sands,
The shales of the white-weathering unit are in general coar-
ser and less fissile than the'typical Great Karoo Basin shaies
but as the stratigraphical position of fhe'pAIaeontongical

zonaiions of tne KalahalJ Karoo shales is identical with thaet

of the unlt in the main ba31n9 the correlation is confir med.

(4) The most northerly outcrops are in 1he Huab- Karoo Ba91n
(Synonyms: Huab-Ugab Basin, Reunlng and-Martln,'1957; Hu Ns)
Basin, Martin, 1975' McLachlan and Anderson, 1973; Afaujo,
1976). The name was decided on for the sake of cons ency
“with the names of the other three basins,

The correlation of this basin and its sediments isﬁparilg

based on the presence of tillites and of Mesosaurus at Dox
crater, The identification of the fossils was initially done

by Haughton in 1919 (Von Huene 1925) and was confirwed by Von

Huene (1925) after a “thorough study of the material. Recent
doubts of the validity of the identification.(Martiﬁ,.1975;
Hodgson and Botha 1973-74) come as absurprize in view of the
scientific stature of Haughton and Von: Hupne.

Their identification is certainly endorsed b] Thb p"osent s tue

dy. Mesosaurus has to date been found only at Doros crater

but it is 6lear from the,li%hology in the basin That‘fhé ho -
rizon is also preseni on the weetern slopes of the Bréndberg
and norfﬁ of Doros crater, at Twyfelfbn%ein and at tha. "Peiri-
fiéd forest.” The ivp'cally white wea*hollnc b1 ack shales ars

seeningly abq nt from this basin., 1In view of the fact that

“ the major part of the sediwents has subsequently been removed
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by erosion the same fate could have befallen the présumably
more ceﬁtrallyvsituated, black shales. In this study a small
patch éf white weatheringvblack'éhale was however found'neaf
the Brandberg West-Uis road south-west of the Brandberg, These

shales resemble fhe black shales of the Whitehill Formation in-

- outcrop and lithology but a search for fossils in the small
outcrop was unsuccessful, A final correlation can therefore
not be made but.I am of the opinion that this may repiesent

the lower unfossiliferous half of the Formation, The coarse

grits in which_Mesdéaﬁfﬁéfoccur;in'fﬁis Eaéin!Would-then be 
Ca néarshoré faéié%_of the upperifpsgiliferoué_part of fheA
Whitehill Formation. : | -

A thoréugh search of the outcrops in the basin will wmost ceruv

tainly yield more Mesosaurus material while some of the other

typical Whitehill fossils might also turn up.
2. GENERAL LITHOLOGY

In the past the Formation was generally referred to as a
- white-weathering black ca;bdnaceous shale (e.g. Schwarz, 1903;
Rogers and Du Toit,.1909; Du Toit, 19373 1954 Haugh'ton and

' Frommurze, 1936; Engelbrecht, 1961; Potgieter, 1973; Pot-.

'gieter, 1974 -McLaren, 19743 McLachlan and Andexrson, 1973,
1977a;'19775;- Van der Westhuizen 1979)., It was alsobdefiﬁed'
'as.such when the new name, Whitehill Shale Formation,.waé pro-
posed for the old White Band by Johnson et al (1975).
According to Anderson and McLacﬁlan (1979) the 12;14 percent
organic‘matfe: quoted by DuvToit (1954) probablyvrefers to
samples;from_the vicinity of-Hépetown where CunninghamQCraig

(1914) and Botha (1940) investigated the oil-shale potential
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of the Whitehill Formation. These valﬁes, reiteratéd by e.g.
Engelbrecht (1961), as well as the valués giveh by Haughton,
Blignault, Rossouw,'spies and Zagf; (1953) fo? the southern
Karco (6-~12 percent) seem to be maximum values. Subsequent.
reports of sfudiés on fresh samples from boreholes in éreas
selected for its potentially high o0il shale qualities give
maximum values of lO percent fixed carbon with a mean value
of only 4,3 percent (37 samples) (Cole 1978). "This illas%réw
tes that the cérbon contentvof.the Formation had been grossly
overestimated in the past. In'éutcrop, these sediments are
macroscopiCaiiyiﬁsuéliy nearly devoid of any traces of.recod;
nisable carbonaceéus matter., This is underscored by the fact
that Botha (1940) énvresulté obtained from analysis of weather~
rea samples from ou»crops dec;ded that the ?ofmdfl§n hadnuo Doé

tential as an oil shale, In the caourse of the pveqeni anﬂy

too, the impression was gained that Lhe outcropping boimatlo“,

o)

is‘usually pcor in carbon. In a few localities the shales were
found to be visibly rich in carbon in outcrop, the most notabile
occurance encountered being on the farm Frisgewaagd., Sauples
from ihié locality however failéd to jgnite but when heated
turned to the 1yp ical greyish white colour of the Formation

“in outcrop. Thisvis'probably-caused by the oxidation of the
material {carbon?) which gives the fresh,shalésvits black céw'
lour,

The sp0htanpouq 1gn1*1on of Whi i1l (Kimberley) shales west

of Kimberley is reported by Schwarz (1912) and Russel (1932).
Local inhabitants near Klaarstroom in thevsouthern.Karoo‘claim

that_the name of farm "Kolegatl! was derived from the mining

of the Whitehill shales for fuel., WNel (1977) mentions the

5
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222 at aboﬁf the turn of the century.
In conclusion however, it is felt that, in view of the ave-
rage of 4+3 pércent carboﬁ obtained in the area most promi-
sing for a high carbon content (Cole.1978) and the general
“impression gained from outcrops, the shale does n01 merit
being called a carbonaceous shale, This black shale most
certalnly is not "highly carbonaceoue" as e.g., Anderson and
McLachlan (1979 p. 83) call it in the most recent work 6n*%he
oil shale potential of the Formation,vin spite of théiﬁ even-
tual conclusion that the poient1a1 is very poor. X-ray dif-
fraction analyses of samples from oufcrops in the Great Kazoo
Basin give a high Silica oxide (Sioz,'72m78%) and Aluminium
‘oxide‘§A1203,411~18%) content whilst oxides of Potassiumg.SOW'
dium and Phosphorus are present in small guantities. Traces
oqufher eléments are also_presént'(sée Table 1); .Patgietgr
(1973) reports‘the same range of vaiues for samples from the
area to the north of Douglas.

The shales almost exclusively occux as pa p ¥ thin laminae

and nodules of . any size and kind are usualWy absent from the
major part of the basin. S+ructures that are descxibed as,
ochreous and ferruginous concretions (Engelbrecht 1961)iare
Jmost.probably infilled, qiructurnless, somewhat elongated co-
prolites., These structures are abunlant at some localities
north of the Orange River and peter out southwards..-Where
nadules of other kinds are pfesenf they occar above dolerite:
sills. |

Nonevof the fossils I celiected from the shales. showed a Qem
neer of; oxr was infilléd or replaced by iron pyrite as is of-~
ten the case in the'Iraty shales‘(Araujm 1676 ). fFrom the area

noxrth of the Orange River, Engeibrech® (1961) and Cole (1978)
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report abundant veneers, stringers, laminae ana lenseé of

iron pyrite from the shales but other workers do not mention
.its presencé (Potgieter, 1973; Potgieter,-1974§ Van déf West-
huizen; 1979 ; MéLaren, 1974). In the Gross Daberas oﬁﬁ—_
crops of the Kaiahari Kaxoo Bésin, Heath (1966) reports limo-
nite pseudomorphs after pyrites. The presence of limonite in=-
terpreted by Cooper (1979) as indicative of marine conditicns,

a———

a viéw‘confirmed by Berner gt al (1979). These workers found
that in marine sediments reactive iron is depléted before H,S
andvsulphate. Iron monosulphztes thus react with the remain-
ing sulphur to prcduce pyvrite and they claim fto have demonstra-

ted that pyrite dominance over Eezé in sediments, as is the
case in the Whitehill shales,.indicaﬁes sedimentation in ma-
'rine'conditions. In this study the shales; in outcrop, showed
verj_little sign of pyrite in any fgrm and the 1imonite'pseuuv
domorphs at Gross Daberas seem to be a%yﬁical for the Formation
as a whole. It Wéuld seem howevexr, that .the near absence of
pyrite‘ih outcrops 1is a result of its completé ioss during
weathering because Cole (1978), at least, definitely found
abundant pyrite in unweathered shalés. Intexcalated red-
weathering shale 1aye&3 are sometimQS'meﬁ'With.(Russel; 1939;
Bngelbrecht, 1961; Potgicter, 1973; McLaren, 1074}, These
shales were found to be sporadically developed at inconsistent
stratigraphic horizons and may occur from the botton right
through to the very top of the unit as'e.g, in ﬁhe'TanQua Ka=-

roo on the farm Blasauwboschkolk and in the Worcester outlier

where the topmost Notocaris tavscotti bearing zone is red
weathexring. The relative abundance cf sulipher and calcium

carbonate in some areas results in the formation of gypsum
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on,weathering. Wherever climatic and other conditions are
favourable, deposits  of economic imporfénce.accumulate. White~-
hill gypsum has been mihed near Laingsburg. At present the‘
minerai is mined in the Tanqua Karoo but the largest mining
activity is near Baroe sidiﬁg in-the Eastern.Cape.- ‘

A silty shale unit is intercalated in the middle of the White-
hill Formation.. It is developed in the Gellap_plateau of the
Kalahari Kéroo Basin, on the.farms Aussenkjer and Kirchberg |
in the Karasburg Karoo Basin and éléo in the northbwest*and'>
south east pf the Great Karoco Basin. In the latter basin the
intercalated unit is a green sil%y shale in’ the south.easf and
‘a yellow (buff)—wéatheting-uﬁit in the north west. In the Ka~
' lahari Karoo and Karasbﬁrg Karoo Basins the unit is also green

and closely resembles the green shales immediately above and

.below the Whitehill Férmation (see Fié; 36 B).
The buff coloured intercalated unit éf the Great Ka;éo Basin
is best ﬂeVelopea east of Van Wyksvlei on thé farm Ganna-
vloer and seéms to petér out south of Calvinia. In the ex-
treme south and southwest fhis ﬁhit is absent. The green
facies of the unit is best_deveioped in the area immediately
l west and east of'Prinée Albert, It is of importaﬁce tovnotq
that a sandy shaie'unit is developed also in the middle of
the South American Iraty Formation, |

Dolomitic lenses and layérs_are developed-ih thé ééstefn out-
crops of_the‘Whifehill Formation in the Great Karoo Basin;
Finely 1éyered black dolomitic lenses showing stromatolite-
like slump structures have been described by McLachlan gﬁd'.
Andérsoﬁ (1977a). The slumps are illustrated in figure 17A,
}n these dolomitic lenées a vet unidentified crustaceaﬁ is

present (Fig. 15)..
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In the upper portion of the Formation lenses of cream coloured

dolomite are present. This rock.which cccur as far north as-.

Calvinia, reaches a maximum thickness of more than 2m on the
farm Driekoppen (Fig. 17B).

Small lenses of black dolomite are also present in the Kala-

hari Karoc Basin., (Fig. 17C).

3. THE SEDIMENTARY ENVIRONMENT

Historic backgrcund to fhe-setting of the basins

Beforevthe deposition of the Whitehill Formation in the earl&
A‘Pefmian or. late Carboniferoﬁs, the southern tip of Africa had
suffered-a long history of marinévtrahﬁgressions; These trans-
gressions are'well documented starting in the uppew Crdovicianv
-.(Teichert 1970) or Lower Silurianf(RusﬁrlgéQ) with the depo-
sition of thé Teble Mountain Group. TLié ﬁas foliowed by the
marine sediments of the Bokkeveld Group (Theréﬁ«1972).and by
that of the Witteberg Group which is also mainly marine, - Thése
sediments accumulated in epiconiinental seas thafé according

to most reconstructi@ns,.fOImed-part of the central block of
the supercontinent of Gondwanaland, |

This leng period of transgression ended with the-?ermq—Carbam
vniferOus glacistion and finally with'{he formation of"the Kaw
roo Basin, the firs+i unambiguous record of a’continenial en-
vironment being ilie presence of xeptilian fcossils in the Wa-

texford Formation of the Ecca Group (Barry, 1970 B.Rubidge

we

pers comm.), The last unambiguous warine fossils occur at

tne base of the Prince Albert Focrmation immediately on top &f
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the glacial tillites (Schrseder, 1908; Range, 1012; McLach-
lan and Anderson,:1973>and Oelofseﬁ and McLachian, in prepa-
xation), Between the base of the Prince Albert Formation and
the waferford Formation a slow transition from marine to flu-

viatile conditions occurred., Exactly when and by what sedi-

ments this transition is marked is still in question,’.Some
characteristics of Ecca sediments above the.whitehill have
however been interpreted as possibly indicative of a‘marine'
envircnment, (Marchant 1979, Cooper 1979);

bThis tiansition can be expected to be diachronous if 2 médel"
.of deltaic infilling of the basin is acceptédg As the deltas
built up and transgressed northwards along the southern margin
of the basin, the line cf transition would also have moved
nor thwards, _In.this simple model, other deltas would alsc
have fransgressed southwards erm %he northérn shores,until
the 1ineé of transition met,with the deltas filling in the
basin and terminating warine conditicnsa

Anotheé possibility is that epeirogenic mdveméﬁts of the crust
severed the connection between the inland, partiy Jlandlocked,
_basin.and the world oceans.

" In this model, favoured by MclLachlan and Anderson (1979), a
"relatively_shaxp'transiiion'would be expected,markéd by fairy-
ly isocronous sédimeﬁfs covering large afeas° The weaning of
the Whitehill Formatiog inithese nodels has been a point of
Especulation-(McLaéhlén éhd Anderson 1973, 1979) and it was
“hoped that more'inférmaﬁion on this peint would be gained
with fhis study{

Whethér'mafine, braCkiéh‘oi figsh water,; the inliand (épicraw‘
-toﬁic) sea in which the Priuce Albert, Whitehill and_Callingm

ham Formations were deposiied, covered a vast area {The Aus-
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bsenkjer Formation in the Karasburg Karoo Basin in:this'sfudy
is_regarded as.ﬁhe eguivalent of thé Collingham Formation of
the Great Karoo Basin). That this body of water lastéd vell
~into post Whitehill tiﬁes is shown by the presence of distal
tuibidifes developed in EccaAdePOSits overlying the'Whitehil}
Formation (Cole 1978, Anderson and McLachlan 1979). The ab~
'sence of subaerial or.shalloW'water emergent features fepor«
ted by'McLachlan and Anderéon (197%9'15 confirﬁed by the pre-

sent study, The question however is, how deep was the watexr?

Water Depth of the Whitehill sea ' ' .

Nearshore, re}é{ively cdarse; lenticularly bedded sediments
Vcould be identified in a few places Suggesting’the proximity
of the shore, the host unambiguous being tﬁe‘subaefially de-~
posited, red-weafhering, coarse clastic strand grits and‘chanw
nel lags at Doros crater in the Huab Karoo Basin, These sedi-

‘ments are correlated with the Whitehill Formation on the pre-

sence of Mesosaurus notwithstanding the apparentJlifhologi¢él‘"

differences. The mode of preservation of Mgsosauius as dis-

_articuléted, rolled bones is dupiicated in the noxthernmost
outcrops of the Formation in.the'Kalahafi'Karoo Dasin (Fié, 7);
These sediments in the vicinify of Gross Déberas and Daberas.
Ost are mubh more sandy and contéins a fair amount of éalcium
carbonate, North of Kimberléy a .coarser facies with ‘lenses

of siltstone and silty sandstone is developed in the Great
KaroovBasin (Cole 1978), Tumediately to the north of this

area -the Venféxsdorp landscane WaS seeming1y.nct'submérged'

" as the Prince Albert and Whitehill Foymations thin out and

disappear,
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The black shales therefore accumulated not only in the '"deep"
central portions o% the basins buf also in the perheps shal-

low water of the neafshoreva:eas. This is confirmed by the
presenoe'of 1imu1id trackways in typicai White-weathering
vshales of the Karasburg Karoo Basin reported by Anderson (1975),
modern Limulus frequentlng shallow narlne environments only.
Stromatolltes which can only exist in the photic zone are pre-
sent in the interglacial sedimenfs below the Whitehill Forma- .
tion in the noxthern Great Karoo Basin (McLaren 1974), This
‘likewise indicates shallow conditions. | |

The absence of Whitehill sediments from the Ghaap Plateau to

the northwest of Douglas may further indicate that this pre=-

* Dwiyka. 1andscape feature was not submerged by the waters of .
the,Whitehillﬂsea.- The escarpment‘is embanked by Dwyka Til-
lite which indicatee thét, as a geomorphological-feature the
plateau.predates the Dwyka glaciation (Helgfen 1979). The
Whitehill outcrops to "the east of this escarpﬁent at pfesent
occuxr on nearly the same topograhic,level as the eastefn rim
of the escarpment (+ 1200m). It can be reasoned that,‘had'
the waters of the Whitehill sea,where it covered the nearby

p Whitehill sediments,been deep, it would also have submerged
the Ghaap Plateau, If sc, Whitehill sediments coold have
formed and remnants preserved somewhere on thef60 Km wide
featufe. Of course a covering of sediments could easily have
been sfripped off by denudation., Helgren (1979) however sta-
tes'that, aithough the presence of some Karoo rocks on fhe'
plateau (Prince Albert Formation or tillite?) is indicated

by its presence io,Kimberiite pipes, it is "difficuli to pos-~
tulate a'means of removing the Karoo sediments once covering ‘

‘this region, while s1ill leaving the surface only scarred'by
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shallow polje drainage ne tworks" (p. 113-114)., The covering

could}therefore not have been more than a thin yenéer in which
case the comblete Prince Albert and Whitehill Formations could
not have beén,presént on the plateau, CoﬁseQuently,-the Whitem
hill sediments to the east of it must have accumulated in re-
latively sha116w>water. The assumption that the Ghaap Pla-
teau Wés'not submerged and that the Whitehiil éediments ad-
joining it were deposited in shallow water will however be
invalid unless_it‘qan be established that the elements of the
’présent day iandscéﬁe occur in.their originallposifion and'.
attitude relative to each other., Their relations éouldveasi«
ly have been upset by post depositionallcrustal movements, Let
“us now coﬁsider:whether such factors did influence the regiom'

concerned,

The preserved Palaeoslope

Helgren (1979) in a study of the Vaal River Bééiﬁ came %o the
following conciﬁsions:

t1) "There seems to have been no geomé;phologicaily Signifir'
- cant regioﬁal'tectonic deformation cf'tﬁe.lower Vaa1‘Ba3in
since the deposition of the_Dwykavshales"'and |

(2) The '"bedding dips in the Dwyka shales arebvirtuai%y’hOm
'vfizontaliwith a slight inclination to the south" (ps 97).Né1.
- (1977) also noted this slight inélinéfionjof ébout %'é degree
in the Hopetown area,  H¥lbich (1958) however states that the
shales near Loefiesfontein show a slight‘dip to the north, an
observation which was cenfirmed by the pfesent study. Hel-
gren (1979) furthermore states that "the Pre-Karoo photo-

1

lineaments usually have not been translated upwazds through
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the Dwyka'shales" (p. 97) and he concludes that the.mbdern
surface in the lower Vaal Basin "not only preserves the hills

and valleys of a Paleozoic landscape, but exhibits them "at

essentially their original attitude" (p. 97). A parallel si-
tuation exists west of Loerieéfontein where the Krom River
has exhumed and reutilized a preglacial river valley (HA1~
bich 1958) and from the authors observations it is clear
that in this area the pre-glacial landscape is likewise pre-
éerVed in éssentially its original attitude,

Matthews (1970) in a study of preglacial-landscapes.ih’Natal
found them preserved in essentially thelr original attitude
and refer to the present slope of the pre-~Dwyka palaeoplaif
"he studied as "essentially a paleoslopeﬁ (p.3). Martin (1953,
1975) deécribes.a large number of modern tbpographic features
in Namibia which have been inherited from exhuﬁed prewD&yka
landscapes. Thué, in Namibia a @ictuxe similar "to that in
the Vaal Basin emerges. Palaeoslopes of ancient rivers once
more funnel seaiments towards the still,lnearly horizbntally
preserved Dwyka sediments that were originally deposited‘from
sediments fransported by ice aléng the éame ancient ouflefs;
Such a rivér drains the valley west of‘Géris into'the Kalaham
ri Kafoo Basin (Martin 1253). The sediments of this'Ba;in
were derived from the Windhoek Highlands (Martin 1953) and

at present retain a gradien%lof + Im ina63 Km which shoﬁid
approximate the palaéoslope of the floor of the otiginal se-
dimentary pasin very closely. |

In the Kackoveld most of the large valleys draining wes tward
into the Atlantic’contéin :emnants of Karoo_tillit@s which

prove these structures to be exhumed pre-Dwyka features, It

1

is also ciear that- the Joubert mountains sexved as a major
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watershed even in pre-Dwyka times. Because of these featurces
Mar tin (1953) concludes that "the pre~Karoco topography con-
sists of a great number of géomorphological elements and it
seems that cover wide areas the present day topography diver-
ges only.slight1§ from that of the old pre-Karoo léndscaﬁe"‘
(p. 41). |

In spite of the Graben type uplift and subsequent sinkiﬁg of
the west coast area of Namibia, proposed by:Martin (1975),'thé_
valleys nevertheless seem to have eifhef returned to or xe~"

4tained their original attitude.

m

The fact that the premeyka,'Palaeozoic-landscabe which is at

present being re-excavated by erosion, has retained its oxigi-
nal attitude over wide areas, makes it tewpting to specul&te
- that the overlying Dwyka sediments (at least in some selected
areas) preserved the original bo ttom slope of the sedimentary
basins. If this line of argument is,followed,ahd is applied_
in the section of the Great Karoo Basin between Calvinia and
Kimberley én estimate of the water depth in the basin can be

nade,

Calculated water depth

The southward dip of the shales near Kimberley and the north-
ward dip at Loeriesfontein-Calvinia sﬁggest that the deepest
paxt of the basin lay somewhere in.betweeb, This assumpiion
is suppofted by the presence of halife crystais in this mid-
dle regioﬁ for, as heave brines aré funnelled into ﬁhe.deepm

est portion of basins halite will precipitate after the moxe

“soluble Caldium salts have precipitated in the shallowsr fa-

cies. - The outcrops near locriesfontein at present lie topo-
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graphically below those of the Carnavon district where the
deepest part of the basih‘is postulétéd to be, This nega-
tive tectoniém becomes more pronounced southwards towaras

the Tanqua Karoo and further on fowards the Cape Fold Belt

- with which the downwarping can at least partly‘bé associated,

The fact that the pre-glacial landscape itéelf had a north-

- south downslope is illustrated by the downslope movement of

the glaciers during the preceding'giaciation (Theron and

Bliénault 1975, Du Toit 1954), During this period the lowest
point in'the basin was in the LoerieSfontein area as is pr@;
ved by the éeneral convergence of the ice towards the west.
(Theron and Blignault, 1975; Visser; 1978).

A'If if is accepted that the superimposed doanarping cf’the
Cape orogenic movements on this palaeosiope waned northwards,
away from the orogenic ceﬁt;e, the present difference in al-
titude between the outcfops of Whitehill shale in the Carna-

" von and Kimberley districts can be regarded as a maximum value,
The original difference between these two areéé on the basiﬁ
~floor could only have been less, | |

it can be reasoned that, by using the.preéent difference in
~altitude between.the nearéhére-Kimberley outcrops and'those1
from the pOstuiated deeper part of thé basin,»befween Carna-
von and Loeriesféntein,_an estimate of the maximum Waﬁér‘depth
in fhe basin can be made, The difference in altitude obtained
from topographic maps is 150m'over a distance of BOOVKm which
gives a maximum bottom slope of 122000 for the basin and a
maximum water depth of less than 150m. for the Whitehill sea.
This rather unconventional calculztion of the water depth

finds unexpected support from the calculations of Visser and
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Loock (1978) who, following a totally different line of ap-
proach, postulate water‘depths~of'i‘30ﬁ. As . the 150m of the
present calculations is é ma#imum vaiue fo? the deepest part“
of the basin, depths of'aboﬁt'ﬁom cogld have prevailed.over.
large areas, In general thén, ghéllow rather tﬁan deep watex
conditions seem to have prevailed in the’basin and it is use-
ful to remember that Du Toit (1937) expfeséed the view that
the White Band and Iraty were deposited in shailow seas.
Other researchers, e.g; McLachlan énd Anderson (19772} how-
ever, regarded the Whitehill shaie as a deep water deposit -

and sought alternative explanations for the presence of ap-

parently shallow water laminatéd.carbonafeé in the basin.
 'These authors refe:.to their deep Wafer model as being "in
-accordance_with the established ideas on the palaecoenviron-
"ment of the White Band" (b. 92). Their interpretation éf
the Siumping and deforﬁation of the dolomitic layers as ine-
dicative of fhe instability.pf the sediments in a steep siope
environment must also be questioﬁed in view'of.the near ab-

sence of bottom slope in the basin.

Evaporite minerals in the pormation

An exciting new aspect of the character of the Whitehill For-~

mation came to light with the discovery of evaporiie minerals

albeit in small amounts and mostly-only as casis of crystals

of gypsum, halite and layexrs and lenses of dolomite.
The dolowmite was first described by McLachlan and Andexson
(1977a)who also pointed cut the presence of casts of primary

gypsum crysials in the dolowite, The author has recovered

casts of gypsum rosettes which grew in the shales, (Fig, 39)
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south of Calvinia. The presence of halite crystals was first

noticed by Van der Westhuizen (1979) on the farm Buffelbout,

Carnavon district., It is important to note the distributioh

of the evaporitic minerals in the basin. The dolomité occurs
in the extreme south and easf of the basin while the gypsum‘
rosettes occupy an intermediate position between the dolomites
(with.gypsum) and the halite in the northwest. The présénce

of these minerals undoubtedly indicate a'high éallnity envi-

ronment.

.The distribution of sediments in the basins

The striking, near absence of ccarse clastic sediments from

the pormation even in nearshore, shallow water environments,
leaves the impression of an extremely sediment starved shal~
low water basin. This impression was strengtened by the. fail-

ure to identify any major river systems that fed into. the ba-

sins. The only exception is the presence cf grits. and chanunel -

-

“lags in the remnants of the Huab Karoo Basin. Even these se-

diments, in spite of the grit sized grains indicate ver§“low,
ener gy environments_of transport_ahd depoéition.for;the grains
are éoorly sorfed and highly angular.

The absence of major drainage systems feeding the_whitehill,
Basins is éompa&ible with %he postuglacial'topography that
dominated the scenery arcund the sﬁores of the basins. Th
landscape is referved %o as "of moderate relief" (King 1962
'pﬁ246)uand3"ﬁery smoo th. and almost flat" Visser: and Loock

e Bl

s

Ea)

(1978 p. 189), Contrary to conditions in % ick sea today

where the black reducing sediments firs+ started to accumu-

i
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late in the deepest parts of the basin (Degens and Stioffers,
1976) the fine sediments of the Whitehill Formation seemingly

started to accumulate almost simultanecusly over the entire

basih floor, This can be infefréd from the consistency in the
thicknesses of the biozohes in the basins. Evidence for the
means by which the sediménté were distributed so evenly over
such vast.areas is totally 1acking in the sediments, No-pri%
mary structures such as sole markings, asymmetrical ripples

‘or any other features reminiscent of flowing water in the ba-~
sins, break the mdnotony of the paper~thin flat laminaticns:

of the shales; the sole exception being Thfee records of low
amplitude (1lmm) oscillation ripples (Fig. 8). Omne of the rTe-
cords is from the Hopetown district {Nel 1977) the.other two
wére found by the author near Loexiésfontein and Calvinia. Both
the latter sets werxe found associated with the intercalated

silty shale member, The origin of these ripples in the deep

offshore part of the Great Karoo Basin is puzzling. A slow

oscillaﬁing moﬁement‘of the bottom waters is éﬁout»the only

possible explanation. Such a (tidal?) 63cillatory movement

of the bottom waters of the basin is probably also  the cause
of the type of brientétion found in. the fessils, |

All fossils meaéured show a general preferential orientation
(Figs; @, 10). That the orientation was caused by an oscil-

latory rather than a streaming moveuent of the bottom waters

o

is illustrated by the absence of a consistent head-tail pos
tiohing of the fossils, Therefore.vectoriai agentis like un-
idirectional bottom currents can be ruled out. Both ripples
and fossil orientation therefore éoint tqban bscillatory mova-

ment of the bottom waters, It is therefore not forfultous -

@

that the orientation of the fossils is perpendicular to the
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strike of the ripples. A.surprising factor is the general
COnsistency shown in the orientation of the fossils over great
distances in the Great Karoo and Karasburg Karoo Basins (Figs.

9, 10). Besides emphasising the uniformity in conditions that

' prévailed over great distanceé on the Whitehiil sea:floof it‘

becomes tempting to speculate théf the oscillation was caused

by an omnipreseht factqr like a tidal surge. The slightllocal
deviation from the general pattern recorded in.the Kalahari
Karoo Basin (Fig'lo - = Klein Spitskop) most probably indicéfe
a deflection of the’tidal movement by bottom irregﬁlarities in

this nearshore area of the basin.

Other exampleé of epicontinental sediment deposition

The modei most fréquéntly used as .comparison for the.sedimenu
tation of the Whitehill shales is the Black Sea (Du Toit 1937,
1954; McLachlan and Anderson, 1973; Anderson and McLacnlan

1979). The Whitehill and Iraty Basins can also be compared

Witﬁ,some o ther épicohtinental seas in wﬁich black shales

form or have formed, Two such basins which have;been‘studiéd
well is.the Catskill Delfa sea of Devoniah'age in Nox'th Amexi-
ca and a modern basin in the Gulf of Carpentaria-Arafura area
| between’Auétraiia and New Guihea'(Heckel 1972).-

In these basins black shales accumﬁlate in central sediment-
starved areas of no deposition and the shales phase out into
dolomitic, carbonate facies in areas where little or no sedi- -
ments are (or were) delivered into the basins (Heckel 1972).
Where sedimehts d@ reach the basins the black shalesvchangé

into a green-shale-sandy-shale-sandstone facies, Iu the mo=-
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‘dern, bay of Carpentaria Basin proto green shalies and sand-
stones are'present as soft sediments.along a wide marshy bor-
der on the northern edge of the basin. | |

The Whitehill Formation closely'resemblesvthe sediments in
the aforementioned models., The black shales of the Whitehill
also phaSe;out into green shales.and sandy shales and also

show dolomite precipita%ion elsewhere on the margins of the

-basins, Ih contrast to the basins mentioned above the rela-
tive propo?tion of the black shale developed in the Whitehill
| . .
Formation seems to be much larger. The moie extensive deve-
lopment ofifhe coarse clastic facies’in the Cétskill and Bay
'df.CarpentEria basins is directly related to the steep grAm'
dient between the basins éﬁd adjacent mounitainlands.
In the Baw of Carpentaria the sediments are shed into the
basin froﬁ the + 3000m high mountains which form the backbone
of New Guinea and have extended the island up to 200 miles {4
320 Km) into the sea as a swampy deltaic ‘plai?m.t OnvthES’plain
recent alluQidl, palludal and lacustrine depoéits have accu-
mulated to a thickness of perhaps 2,000 feet (600mj{ Sedi-~
ments raﬁge from conglomerates  to mud and genérally become.
finexr grained seawards. " (David 1950,'in Hécke1‘1§72),"Tﬁe
_marshland act as a sedimenﬁ trap and causes sediment starva-
tion in the central region of the basin where black muds con-
sequently-develop.
Towards the‘Australian coast, in shallow conditions whexe Véry'
1itt1e-sediment is defived from the adjacent low 1lving coutry,
dolomite is precipitated,
With these ekamples in mind an attempt is now wmade to setlﬁp

a model fox the sedimentation of the Whitehill Formation,
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Models for the precipitation of the Whitehill Shale Formation

The depositién.of\fhe Whitehill sediments may be interpre-ted
in three ways: |
(1) The basin may ﬂave been much 1arger thaﬁ is indicated by
the present day remmants, éxtending landward with a wide rim
of bordering'mérshland which trapped incoming sediments and -
caused the starvation of the central areés, Tﬁe Great Karoo
Basin Whitehill sea would have féceiVed most of its infilux
from the notth (as has been indicated by Du toit, 1954; Ryan,
1967 and Stratten, 1978); The equivalent of the wmarshland
sediments of'green shales and sandy shales (with the develop-
- ment of vegetation luxurious enough to produce coal?) is re-
presented by pa:ts of the northern Ecca. This cbrrelation
has already been proposed by various authors, e.d. Vén Eeden
(1973 ) and Anderson and McLachlan'(1979)“. |
The dolomites in the southern and scutheasférn'sections of
the basin would then indicate shallow, sediméntufree areas.
(2) Tﬁe second ﬁodel calls foxr the near absence.of topégra#
'phy betWegn the basins and the immediately adjacent'coantrf,
This is the view Du Tecit (1937) probébly had iﬁ ﬁind when
he referred to the post glacial landscape as a "worn down

continent" (p. 78). This "fairly smooth" (Visser and Loock

1978 p. 189) landscaperwas prébgbly drained by a few sluggiéh
rivers only. Such rivers could deliver 1ittle sediment into
the basins. After the loose morainic matexiél was redistri-~
buted aﬁd some of it deposited as part of the Prince Alberﬁ'gha;

L] - . T . - . ;. .~ . . ;
+i€ Formation and its connterparis in the other basins (Fig.z) the

rivers would have been clear, carrying their sediments in fine
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suspenéion énd mainly in solution."These sediments*dérived
from the clayéy moréinic rémnants could then account for some
of the Whitehill material. (This corresponds with the "Black
'éea moael of aqther authors) |

(3) The third model is a combination of features from the
previﬁus two and is in my opinion closest to fhe'original cirF
cumstances of deposition.v ' - . .
This model also postulates the final.pediplanafion of ' the
landscape by the post glacial erosion cycle and the fedistrif
'Eution of the morainic material into the shale units above the
ﬁillitesﬂ'e.g. the Prince Albert Shale, Auob and Nosscb sand-~

stones and asscciated shales in the Kalahari Karoo PRasin and

Zones 1 and 11 of Hodgson and Botha (1973-74) of theix Twy-

felfontein Formation in the Huab Basin (Fig.Z),Thesevshales

[

therefore cculd represent the outwash of morainic material
left behind by the retreating glaciers as part of the first

post glacial erosion cycle. Reworked merainic material is
well documented (Visser et a1'1979), vAs ha;.béen‘reaSOned
.ih the other models; this erosion cycle cféated_a smooth and
featureless countryside which 1ed to a dras%ic‘réduétion in
sediments delivered into the basins, ‘Minox marshliands deve-
loped along the shores to the north.  Even befcre the onset of
the sediment starvation of the central parts of ¢he basins the
:_adjacenf pest glacial countxyside was covered by vegetation
(Viéser et al 1979).. During this'prewWhitehill'peridd am=
ple e?idence-exists,for such a flora because wood and tree
Jtrunks were washed into the basins and became fossillised in
the shales and sandstone deposits between_the_glécial veds

and the Whitehill Formation. Wood and tree trunks are wall

documented and were reported by various authors in all the




‘Stellenbosch Univérsity https://scholar.sun.ac.za

29

 basins (Mértin,1953; Van.Eeden,1973;.McLachlaﬁ and Anderson,
1973, Schreuder and Genis,1973n74). With the presence of
abundant wood iﬁ the sedimenté the local development of coal
swampé should be expected énd it is thereforé not‘surprising
that coal seams are present below "the Whitehill Formation in.
the.Namibian‘basins and localiy also in the Gfeat Karoé Basin
“(Visser et al 1979}. . These coal seams led fQ-the correla- N
tion of the Whitehill Formation with the middle, coal bearing
Ecca (Van Eeden 1973, McLachlan and Anderson 1979). -These em-
bryonic coal swamps probably only latér deveioped into the ex-

tensive growths which formed the main Ecca coal seams,

The development of the coal swamps prdbably saw the contemp0m

" raneous development of black shales in the basins to the south

:énd west. These biack shales, which we see today as the Whiten
hiil Formation, were pfobably fringed by transitional green

. muds today repfesented by interdigitatihg greén shales which
occupy a position between the black'éhales_in.the south and

the coal-seams to the north .
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THE CONﬁECTIONS OF THE BASINS WITH-ZHE WORLD OCEANS;

‘In spite of the enormous size and relative shalloﬁness éf the
Whitehiil water body no indicatiqn of largeAscale fluctuations
‘of the water level were recordéd by emergent features such as
e.g. mnud cracks along the shores of the basins. The effet of
evaporation on such large; shallow basins, even in high lati- |
tudes must have produced severe fluctuations of the water level.
To explain the constant water level by a precisely.compeﬁéa- )
ting influx of fresh river water is ridiculous, The.only al-
'ternative éxplanation iS'thatAthe basiné were connectad to a
body of water lafge encugh for evaporation to havé little or

no effect, in fact, the world cceans, Can evidence for such

a connection be advanced,.whatewas the nature of the connéc-
tion(s) and where was it situated?

In the zone where Scuth America and Africé abﬁt against each
"other in most reconstructions of Gondwanalandva (narrow?)
stretch of water (an intracratonic arm of the sea) must have
been present from as far back as the Silurian (Rust 196?)-or
even the Precambrian (Germs 1074), Transgressions of this

sea onto the western and southern parts of southexn Africa

v and the eastern part of Soufh America is documented by .the
presence of marine foésils.
Marine,faunaé that document these transgressions are known
from large afeas of centfal Gondwanaland. Sililurian age trans-
gressions are known in South Africa (Rust 1967) and iﬁ nox thern

Brazil (De Loczy 1971), from marine deposits in the Cape and

‘MarAnhao Basins respectively, Marine sediments of Devonian

age are present in the abovementioned basins as well as in
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Angola (De Loczy;,197i). In North Africé too, thick succes;
sions of Ordovician~Silurian age marine strata are present

(De Loczy, 1971).

All these transgressions, as ﬁell as those in which the wmarine
-tillites of the Dwyka (Frakes and Crowell, 1975) and the Prince
Albext shales'(Oelofsen and McLachlan in preparation) were den
posited, can best be linked with this epicratonic incursion.of
the ocean. It is pfoposed here that this sea Sefved as a cen-
tral arm of which the Whitehill and Parand seas were embay-
ments onto the continents of Africa and South America respec-
tiveiy (see Fig., 1C).

This proposed sea itself wmust have been 1o a large extent, epi-
Aeohtinental and landlocked, Epicontinental basins ecnnected-
to if both to the east and the west were bound to be euxinic.
in nature and being transgressive onto landmasses with a ein

milar glaclated immediate prehistoxry could not be anything €1~

se but almost identical in nature.
The black shales, the distribution of evapofific dolomites;,
the common endemic faunes, in short the fact that the White=-
hill and Iraty Formations are almost mirror.images of each
oihel can only be expWa;ned )atisfactorilv.in this way;'_This
'amazlng 51m11a11ty, first noticed by DU Toit (1947) was con-’
irmed by the observatlone of Martin (1901)
In the present study additional instances of similarity were
found (see Figs. 11 andI12). |
The existence of aYWhitehillélraty connectiqn accounts for
the facts much betiter than dbes an alterﬁafe theory sugges-
ted by e.q. 'Aiaﬁjo (1976) and Anderson and‘McLachlaﬁ (1979)
'who suggested that the Whltenlll and Ir aty eins wevre sepa-

rated by a continucus "highland" barxier,
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A problem that arises from the presence of such a connecting
sea is that the sediments which must have accumulated in it,
can not be demonstrated. This interesting problem "the case

of the missing sediments'" have been explained in two ways.

The first explanation can be referred to a statement éf De

Loczy (1971 é. 383) that "during the orogenesis the oceanic
crust may have been resorbed in the marginalztrenchAsystems;"
and with it the sedimenfs would have gone.

An alternative andvvery ingenious'explanation was foé;ed by
Martin (1975) which invoive post Ecca graben type riftiﬁgﬁ |
uplifting and erosion of the sea bottom, with an eventual
sinking and bufial of the material below younger sediments

“on the continental platform off the coast. (Maxtin offers

this explanation for the coast of Namibia_near the.Huab Karoo
Basin)° | | |

The problem of the connections of "the Whitehill and Iraty Ba-
sins reduces to fhat of an infrawcohtinentél arm of the;éeahthat
_iﬁvaded along-a N-S extending zone of (-) epei:ogenesis in eaxrly
Permian times, This may have been ‘the foierunnex of the suture,
which more fhan 100 m.j. later separated the two contiinents to

- form the early Atlantic ocean '(See Fig. lC).

Position and nature of the connections of the Whitehill Rasins:

with the initra~cratonic arm of the sea (see Fig. 1C)

The nature and position of the preposed connections between

the Whitehill Rasins and the intra-cratonic sea was probably

* e
"

=t
)
o]
=

inherited from the,precediﬁg_glacjation and Prince A
transgressions. The Windhoek highlands that shed its sedi-

ments into the Kalahari Karoo Basin (Maxrtin 1961) formed a
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highland between the Huab Karoo Basin and the moxre southériy
.basins(Fig;lC);These basins were'therefore interconﬁected on-
ly via the mére‘westerly situated sea arm with thé Huab Basin
which thuslfbrmed a separate embayment north of the Windhoek

' highlands. These highlands also formed the northern shore of

the Kalahari, Karasburg and Greaf Karoo Basins which wére all
"part of one large southern embayment. (see Fig. 1C)5

~The position and nature of the southern shore of the connécf
tion is poorly known. The position and presence of aﬁgouth-
ern highland can only be inferred frém the ice-flow directiops
during-the preceding glaciation. Information'én ice-fiow di-
rections from the séuth western part of the Great Karoo Basin
'howevex is scant and conflicting. Reconstructions of the di=-
rection of.the iceflow has beeﬁ-made. Traditionally (e.g. Duv
Toity1054; Stratten; 1968 |1970; Rust,-.1975) a vector towards
’vthe_éast was acceptéd., Palaeontologica1 evidence:from gla-
cial errati§s (Cooper and Odsthui;en, 1974).hoﬁever cast some
~doubt on the validity of the eastwardly di_r'ec.téd flow. Sub-

sequent reinvestigations of the ice-flow directions led to a

reversal of the direction of flow (Theron and Blignault;.1975)‘
and consequentiy a westward flow is now accepted by Workers

in this field (Visser, 1978} Anderson and McLachlan,1979; Ooéfw
huizen, in press; Oelofsen and MclLachlan, in preparation), The:
nor thwest projecting prong of a proposed southern highland, as
‘visualised by Stratten (1970) therefore probably never existed.
" The preseﬁce-of an outiier of Whitehill, showing biozonation
identical to‘that of the Great Karoo Basin, on the downthrust
side of tﬁe Worces ter fault, may indicate that: the basin eﬁm

tended even further south., The connection with the sea there-
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fore could have been wide and it is likely that femnants of
Whltehlll shale will someday be dlscovercd in Antarctica, A
‘1de connec 1on w1ih the sea arm may fur thermore eonalp why
a fuli scale evaporitic succession never developed in the
Whitehill sea as is usually the case in proper euxinic basins
(Hite 1970).‘ Can the presence aﬁd the distribution of the
‘evaporitic minerals which are present however'be satisfacto-

¢ily explained within the framework of this model? .

The Whitehill sea as a potential evaporitic, euxinic bhasin

The finely layered, slumped, black doiomités present as lay-
‘exs in the_socth—easterh'section of the basin‘gradually-di»'
minish ard eventually virtually disappear to thé noxrth cf
~Loeriesfonteih, Casts of syngenetic gypsum crystals are pre-
sent in the dolomites from as far east as Damascus farm (McLach-
lan and Anderson 1977¢} %c as'far west as Pata?sfontein between
Léingsbufg énd Ceres.

In the area tc the south of Calvinia casts of small gypsum
roéettes are present in the shales, the best examples were

' found on the farm Groote Brak north of De Bos in the Tanqua-

Karoo. The roseties are associated with individual casts of

biademlike,single gypsum crystals (Fig. 39), Tn the northern
part'of>thé basiﬁs on the farm Buffelbout in the Carnavon dis-
trict, Van der Westhuizen (1979) fouﬁd casfs of halite.crys~
tals, Subsequent ficds were made by Strydom (1979). This
isolated occurrence of hallte and the absence of evaporitic
,minerals'such as carbonateé and - gypsum which by nature

of the chemistry of evaporite = precipitation,
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should precede the pfecipitation of haiité; isvpuzzling. The
‘preseﬁce of doiomite and §ypsum elsewhere in the basin rg}es
outvthe possibility thaf the chemistry of the Watetiwés,of
- such a nature that halite cculd have precipiiéted from it |
without carbonates and gypsum_having precipitated out first
for "in mariﬁé eﬁaporifes gypsummanhidrite is never found
without underlying or interbedded limestone or dolomite;. - ha-
1ite does n§t occur without gypsum-anhydrife" (Boxchert and
Muir 1964 p. 76). 4 . | o -
Seémingly isolated occurrences cof gypsum and halite crystal.

casts in sediments are generally inteipreted as indications.

of greafly increased salinity (brines) and éhduld occur 'in
' the same range bf envirenments in which eﬁaporites can form
(Heckel 19725.}
Modern gypSﬁm rosettes growing in éediments.are known from
‘subsurface élays:and sands and predipitate from highly saline
Seawatei which sinks:into the underlying sediments (Masson
1955), Such biines, héving Jost their load of'insolubie salts
(éarbonates and anhydiite-gypsum), will tend»td be fuﬁnelledf‘
downslope and coilecf in the deéper partévof the bésin,iof be
funnelled out bf the baéin. | . |
Reflux of tﬁe Whiteﬁill sea seems to have been good encugii'to
" prevent substansiél precipitation cf evaporites ana it was on=~
"ly in or on the sediments itself that the brines éouldjbevtrape
ped long encuéh for the rosettes and ﬁalite crystals to grow.
The phyéical’and chemical properties of bfine$ are diécussed
by Hite (1970) who states thaf, |
(1) Brines can Lkave a salt content of ten times tﬁat of sea

water with very low pH values,
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(2) Brines are usually anoxic because of the depletion of
oxygen by the decay of organic material and the dépressed
solubility of oxygen in concentrated salt solutions.

(3) Toxic concentrationsvof hydrogen sulfide are also cha-
récteristic‘of these waters and

(4) -High brine temperatures are common owing to a greenhouse
effect caused by solar radiation passing through the infliux
layer of fresh sea watef into denser reflux layers.,

The présence of such toxic, anoxic brines in the bottom lay-
ers of the Whitehill sea could account for the accumuléfidn.
of the black shale. The Whitehill Formation can perhaps be
compared with the Paradox Basin of Pennsylvanian age in Utah
- and>Colorado where the ¢vaporite succession of the Hermésa

Formation is underlain amd capped by black shales'(Hité11970)

‘These Paradox black shales were deposited when reflux of the
basin was great enough to prevent‘the precipitation of evapd-
rites, The Whitehill, with its minoxr evaporite developﬁent
céuld possibly be compared to the lower black shale nnit of
the Paradox Basin. In contrast-tovthe Patadox Basin hOWQVGrg'
ihe Whitehill Basins, possibly because of the absence Eoth of
depressions in the flooxr and of a geographicalfbarrier‘?o the -
world oceans, never developed into a propet evaporitié basin.

xplain the impoverished benthic

o

This model would also help <o
fauna of the Whitehill sea: The toxic brines in the basins,
and escaping through the connection with the sea, prevented
bottom faunas from entering and establiishing themselves iu

the basin, It was only when oxic conditions returned and the

green intercalated silty shales was deposited that the laye-

ring of the water was upset and benthic and fossorial orga-~
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nisms entered the basin (see the distribution of trace fossils
in the sediments p.75). 1In this respect the Whitehill differs

from the Black sea wheére benthic maerofauna flourishes in the

shallow waters along the shores (Shlmkus and Trxmonls 1974).

As Van der Westhulzen (1977) reports halite crystals from the
base of the formailon it is unllkely that the evaporlilc mine-
rals can be explalned by the Whltehlll sea startlng off as an
isolated body of fresh water which gradually salted up through
evanoration. The possibility that the brines in a totally
landlocked basin would remain on the threshold‘of halite pre-
cipitatien without fotming evsporites in any quantity, secems
to be infinitely small, Stratified waters and bottdm;~anoxic
- brines would also explain the fermation of the pyrite present
in the shales. Stable:stratified condifibns lead to fﬁe ano-
xic-bacterial decay of o:ganie mafter”(Heckel 1972). The ér-'

i
ganic matter in the shales was probably largely produced in -

the oxygenated, less‘saliné surface waters as is the case in
.‘t.he Black sea today (Shimkus and _'I‘rimonis.197.4>)

Very little organic matter was probably derived frnm the ad-
jacent lowlands.. Had the carbon beenvderived from planﬁ*deé
bris washed into the-basin, more fossil plant material wodld
have been pfesent for wood can drift for'long'distancesiand
can withstend.mechanical and biological attrition very well,
The author certainly can not confirm .the claims of Van Eeden
(1973) of the abundant presence of vegetable matter in the
shales nor that of Cooper (1974) of silicified wood in a num-
ber of ontcrops. My own collecting turned up numerous speci-
mens ofvfossil mateiial usually considered te be rare but en-'

ly a single piece of silicified wood (in the Worcester outlier)
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-Was fouﬁd. .Recognisable vegetable mattef was likewise found
to be rare with the possible exception of '"fucoid straps"
| thaf may not be of vegetable ofigin'at all. Other records
of sinélé piecesiof wood is a trunk in the collection of R.D.F.

Obsthuizen of Zwartskraal, Prince Albert and a trunk reported‘

by Nel (1977).
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'THE TRANSPORT OF SEDIMENTS INTO THE BASIN .

" From the.extremely fine nature of its sediments’it can be in~
ferred that the material that was carried into the basin by
water was in solution and suspension. Any such fresh water
that entered, the basintwbuld have fiﬁwed over the densér bot-
tom brines,

An important fraction of the Whitehill shale_was'hoWeveifbloW§A"
“into the basin.as’is at present the case in the Black sea’ -
'(Shimkﬁs and Trimonis 1974), At least part~of the material
is'knoWn té be derived from distant volcanic sources {McLach~
lan and Anderson 19772}, With this airborne dust swall light
objeétsklike insect wings also reached the basin. It is only.
'throdgh aeolian transport that the random distribution of in-
secf wings in both nearshoré and central sédiments can possi~
bly be éxplainéd (Fig. 5). Even stratified waters and surface
currents could not have facilitated the transpert of such frail
objects over such long distances.‘ |

Sfratificafion of the Watér wou1d explain why primary sedimen~
tary structures are absent from the sedimenfs in the basin‘inv
spife of the fact that relaéiVely shallow conditions over wide
' areaé are postulated;. In shallow water wave action is regis-
tered up to SOm.deep (Shimkus and Trimonis 1974) and‘the fetch
of the waves bases nust surely have reached the bottom and
éhou1d have produced ripples; If strong, cediment distribu-
ting currents were operative, stream ripplés and sole marks
should have been present. DNone of thevdampening effec{s piro=~.
posed by Heckel (1972) other %han stratification of the water
‘can explain this universal absence of vactorial primary.sxrﬁéw

tures in the Whitehill sediments.
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To sum up, the whitehillisea is’visualised as a relatively shal-
low, sediment starved, eﬁxinic embayment surrpunded by low 1ly-
-ingvalmOSt flat, marshlands, The stratified waters with high-
1y toxic boftom brines and relatively fresh upper.layers'pre-
 ventéd the development of a bottohvfauna but sustained,pelé-
gié organisms (e.g. fish and mesoéaur reptiles). Surplus or-
~ganic material from the less saline upper iayérs reached the’
bottom brines where it was decayed by anoxic bacteria, which
‘resulted in the formation of the highly sulphuretted:blabk'

nuds . Vefy 1itt1e material was shed info the basin from the
adjaéent land and the bulk of the(sediments were transported

as windblown dust or in solution and fine suspension. . The
éingle most striking'impfeésion gaiﬁed:however_is that the

sediments were deposited in an almost energyless environment.
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THE FOSSIL. FAUNA OF THE WHITEHILL SHALE FORMATION

 The fo;egoicg.section on the lithclogy of the.Whitehill For -
mation'will haveiprepared the reader for an impoverished and
pecclier fauna in the Whitehill shales. 'Thie is indeed the
case, the fauna consisting of but twc ver tebrates, two crus-
teceans, a few problematic forms and scrappyvpieces of vege-
'tabie matter. Thevvertebrates comprise.the fossil reptile

Mesosaurus and a number of species of palaeonistid fish of

~ which only one (Palaeoniscus capensis Broom 1903):has been

formally described, A single crustacean NMotocaris tapscotti

(Broom 1931) has been formally described with Junlor ‘synonyms

‘llqted by Kensley (1975)., At least one new crustacean qu're~

covered from the thinly banded, bleck dolomites of the Forma-
tioh; - | |

Two insect wings wifh mecopteren and blecopteran‘affinities g
_were recently discovered in the black dolomwtes (NcLachlan |
and Anderson 1977b) and three more were subsequently recovered,
One from the Carnavon district_(Strydomv1979),roﬁe from*Loeub
-fiesfonteinvand another from {ﬁesworcester outlier, o

- An excit*ng discovery of a fossil which could be infercreted
_as a cephalochordate was made in the eastern outcropavof the
¥formation. The only ichnofossils that were recovered from
fypically white weatherihg shales are arthropod-irails and
body 1mpre531ons from the Karasburg Karoo Ba51n. |
IchnofOSS1ls from the intercalated 511ty shale membexr 1h-

clude Zooghzccs and Scolicia type feedlng trails, Blfunq1tes-

llke 1mpres51ons and star-liké. traces of the Asterichnus rvpe

Wthh are also known from the Iraty (Mezzalira 1971;. A new
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ichnogenus and species of the feeding trail type is described;
A number of problemafica were encounfered; 'These include pen-
taradiate echinoderm-1like hollow spheroids which show ambula-

" cral and food gioove-like.strucfures; an impression reminiscent
of a brachiopod valve and spicula-like impressions possibly of
a glass sponge. ,

The disfribution and stratigraphic occurrence of the.ichnefos-

“sils, body fossils and problematica were studied,

THE DISTRIBUTION OF FOSSIL FORMS IN THE WHITEHILL BASINS

(1)  Mesosaurus

The genﬁsiMesoSaurus in southern Africa is cénfined to .the sha-
les of the Whitehill Formation which outcrops in four at present
separafed basins. - Whereas the fossil is usually present in the
whife weathering black shales_iﬁ the Greaf.Karoo—, Karasburg Ka»
roo- and Kalahari Karoo Basins, the occurrence in the small nor-
thermost Huab Karco Basin is atypical for the material is pre-

served in the coarse sediments of the socalled Doros bone bed,

The Great Karoo Basin

Prior to this study Mesosaurus was known from the western part
of this basin only. Du Toit (1927) in his account of the dis-

tribution of Mesosaurus implies that it is present also east

of Laingsburg and in the Worcester outlier but no specimens
collected from these areas are documented., During the de~
position of the underlying Prince Albert Formation (formerk

1ly part of the Uppet])wyka Shale) the Great Karco .Basin was

subdivided into two sub-basins, a western and an eastern., The
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conspicuous absence of fossils from'the outcrops east of
Laingsburg were thought to indicate that conditions in the

eastern sub-basin was such that Mesosaurus was not present

or did not fossilise or that fossils if present were obscured

\

by the metamorphic effects of the Cape Félding (McLachlan and

- Anderson 1973),

In the present study it was established‘that dgring Whifehill
Formation tiﬁes the‘Prihce Albert sub-basins were no longer

in exisfence. ~Different conditions in the eastern section can
thus novlonger‘account'for_the'absence of fossils and a care-

ful search of the outcrops to the east of Laingsburg duly

- yielded Mesosaurus in fair abundance. It was confirmed that

" an obscuring cleavage is present in the shales as a result of

the Cape Folding: the shale tends to split alohg the new

cleavage planes and no longer along the original bedding

planes., This may explain why the fossils were never noticed

in the long, albeit often poorly exposed outcrops tc the east

of Laingsburg. The most easterly record of this study is from

near Kommadagga where pieces of rib, unmistakably that of Me-

sosaurus were recovered from a quarry in the Whitehill Forma-

tion on the farm Grasfonfein. Mesosaurus was also discbvefed
in the small outlier of Kafodlrocks on the downthrow side

of the Worcestexr fault, Although the outcrops in this out-
1iet are rather pocr,:the cém?lete'Whitehill Foxrmation ig\pre_
sent and a surprisingly large number of specimens have been
recovered from it. This is the most southerly record fox Me-

Mesosaurus remains are usualily found as hollow moulds of the

bones from which the original material had baen leached out,

but a variety of less common modes of preservaticn were also
\ : , ‘
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éncountered. In some bf the less Weéthered specimens, bone
matérial which was shown by chemical tests to be surprising—
ly unaltered, was still present, In é few speéimens the bone
materiél_was found to be extensively carbonised (e.g, sbéci—
. men mo U.S.S.>2/8/1). No specific pattern iﬁ the.aistribu—
tion of the carbonised specimens seems to be present, Car-
bonised specimens from the Whitehill shales often ocbur‘in

"~ shale with'a’iow carbon conteht which differ radically from-.
the mode of preservation of carboﬁised Iraty specimens that
the author has seen. The latter speciﬁens seem to occur ex-
clusively in a very dark SOft'oi1§ shale. Onl? éne South
Africéh specimen vaguely resembies the South American mate-
‘rial in this respect. This specimen is no. U.S.S., 1/2/12, a
poorly.preserved carbonised skuil from the farm Blouputs neaxy
Loériesfontein04 | |
The Kommadagga specimen ié replacediby iron oxide and some

of the specimeﬁs'from the wOrcestér oﬁtiier_arevinfilled
with siiica. Only one specimenAfrom &he main Great Karoo:
Bésin, collected by S.H, Haughton at Elandsdraai in the Tan-
qua Karoo (SH 1414, S.A.M. 10672) aiso shbw this positive,.

silica replacement mode of preservation,

The Karasbura Karoo Basin

i

The fir¥st reference to Mesosavrus in this basin is of a spe-

cimen, recovered from Kanibeam (Haughton and Frommurze 1927).
Excellent specimens, now in the possession of G, Genis of the

Geological survey in Windhoek was recovered from the farm

Kirchberg. (Schreudex and Cenis 1973-4). In general the spe-

cimens from *his basin are preserved in much the same way as
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that of the Great Karoo Basin,

The-Kalahari Karoo Basin

Specimens of Mesosaurus were first recovered from ‘the.Gellap

Ost plateau (Martln 1961) north west of Keetmanshoop. In
. this area I collected 23 excellently preserved spec1mens
with very fine detalls of the bones preserved in the hollow'

moulds.

On the Gellap plateau the Whitehill Formation, not onlyvbe—
cause of its fossil content but also by its lithology can
easilf be feCOgnised‘ " The preservation of the fossils-is

- also similar to that in the two southern'basiné. - The White~
hill Forhafion however becomes less silicious and more carbo-
nate rich northwards aﬁd some specimens are preserved as si-
1icified bone in limestone. In some of‘these specimens (e.g;
U.S.S. 6/1/8 Fig., 21) the rélatively harder silicified 5one
had weathered out of -the limestone matrix pfodﬁcing beauti-

ful, three dimensionally preserved, vertebrae. On the edge

Of a low escarpment ¥ 5 Km due west of the homestead on the
farm. Gross. Daberas on the road to the Vingerklip (Mukorob

spe01mens,.preserved in a greenish, thinly bedded marl, occur,

Slightly white weathering finely laminated units reminiscent

of Whitehill shale are also present, Martin (1961) first re-

ported the presence of Mesosaurus from this part of the Kala-
- hari Karoo Basin and specimen P.C. 37 (State Museum, Wind-

hoek) is figured by Heath (1966) who however, incorrectly

~referred to it as Noteosaurus.
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The Huab Karoco Basin

)
Fossilised reptilian remains, discovered’in the coarse‘grit
at Doros .crater (2004§S 140155) was first identified as Me-~
sosaurus by Haﬁgﬁton in 1919 and was later fully figured and
described by Von Huene (1925). According to Von Huene (1925)
the material wasvdiscovered by Reuning, Hardly any ; mate-
rial from Doros is available in museum collectiohs, the ma-
terial presented to the Sfate Museum by Martin.(Marain oxral
comm, ) was apparently never catélogued and is losf¢ As a

result the presence and identification of the material has

been in doubt (Hodgson and Botha, 1973-4;" Martin,1975) and

the correlation of these sediments with the Whitehill Forma-

tion abandoned. A special and successful effort to collect

new material from this isolated locality was made and its
stratigraphic cccurrence was restudied,
The bones occur in two thin (+ 30 cm) layers of coarse grit,

two thirds up the northwestern slope of Doros .crater (see Figs

4 and 14A)., The grit consists of angular, pocrly sorted cleaxr-

‘quarts grains in a red, iron rich matrix; in which the bones

are set, The bones are usually weathered out leaving only

"hollow moulds but in fresh samples the relatively unaltered

white bone is present.
In spite of the doubts voiced about the identification of the
bones this étudy has shown beyond doubt that the identifica-

tion of the bones as Mesosaurus made by Haughton and by Von

Huene (1925) is correct., On the assumption that the identi-
fication was wrohg, Hoagson and Botha (1973f4) renamed theséy
sediments fﬁe Twyfelfontein Formation.’ This.new‘unit. in
vieW of the =xcellent description and detailed illuétrations

of the material by Von Huene {1925) and the results of the
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present study confirming the earlier identifications,;is clear-
ly the chronostratigraphic-equivalent of part of the Princé
Albert and Whitehill Formations,

Problematic records

Some localities for Mesosaurus entered in the cataloqué of the

-Albény Museum and the State Museum I found tc be suspect for
they are stratigraphically incompatible with the known records

of Mesosaurus,

The specimen in the Albany Museum (no 240) is mentioned by
- Seeley (1892) as coming from the town of Burgersddrp, This
obvious error was pointed out by McLachlén and Andercson (1973)

(Burgersdorp lies on Beaufort sediments nearly 320 Km from

thé nearest Dwyka outcrops). I traced this fecord in'theAcam

taioque of the Albany Museum and found a double entry. One, -~
"-stafing thét the specimen originated frém Burgexsdorp, proved -

to be an incorrect copy of the original éntxy. The oldexr en- ‘

try gives the locality as'Kimberley (Whitehilijshales and

‘the donor as a resident of Burgersdorp. The nature of the

matrix of the specimen itself leaves no doubt that it is in

4fact WhitéhillAshale as are the other specimens from‘Kimberm

1ey know in the British‘Museum)'described.by Seelcy in 1892)

I was alsoAab1é to correct the locality recoxds of. two spe~  

ciméns in the State Muéeum, Windhoek, wﬁen examining = spe-

cimens PC. 38 and PC. 40 {a third épecimen undex the same en-

try,. PC. 39, could not be traced in the collection) it became

‘clear that their locality reéord, given aS_Rehobofh,'waé_in

all probability an error, because the stratigraphy of this.

" distirict makes the occurence of Mesosaurus unlikely,
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- The donor of these spec1mens, F. Sfeyn, was traced who stated

(oral comm.) that all the spec1mens were collected by a Mr Du

Preez in_the'Gellap Ost~area. The greenish silty shale ma-

trix of specimeh no PC,40 points to its probable origin from
‘the intercalated éhale deﬁeloped in the Whitehill Formation

‘of this area | |

(2) Crustacea

. The Crustacea in the basins are represented by the prawﬁ—like

Notocaris tapscotti Broom. Notocaris tapscotti is the senior

‘synonym for'Anthrapalaemon and Pygaspis ginsburagil Fabré (McLac;
*lan and Anderson . 1973} Kensley 1975). |

To 6afé the foliowing works refer to pygocephalomorphié’crus-4
faCeans_in the Whitehill shales: Régeré_and Du Toit (1909) re-
fer fo "probably Anthrapalaemon (p. 193), Haughton (1919) men-

tions Antrapaliaemon from the White Band near the Orange River

station and Woods (1922) figures and refers to pygocephalid crus-

taceans from the White Band -at Kimberley;_ A uhort d-qcr*ptlﬁﬁ

of what is obviously N. tapscotiti is given but a name was not

formally proposed. Wood's matersal was re-examined by Broom

(1931) who named it Notocaris tapscotti.

The first worker since Broom (1931) to study the form.was:Fa«
.bre (]067) who co]lected material from the Whitehill oatc;opa
near Lalngbburg and because (the author suspects) he never rc;
alised that one species could be so w1ue1y dlstrlbuied, created

a new species; Pygaspis gihsburqm. I found Notocaris taps-

22335 to be universally present throughout the Great Karoc Ba-
sin (see Fig, 6) and extended its eastward distribution from
Laingsburg to Willowmore. Further to the east it couid ﬁotb

" be traced, but this must be because of the poof outcrops rather

than its absence. The author also found it in the Worcester
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outlier, The flrst record of N, tapscott1 from- the Karasburg _

Karoo Basin is by Schreuder and Genis (1973—4) In the pre»
sent study its universal presence in thiS'basin also, was es-

tablished.

Prior to this study, N.tapscotti was not known from the Kalia-
hari Karoo Basin, However the author fonnd it on the Geilap
Platean and in abundance on the farm Spitskop to the.north—
east of'Keetmanshoop. | | |

vAnother, yet 1ndeterm1nate ‘crustacean was found in the black
thinly layeled dolomlte of the eastern part of the basin. It
was flrst discovered by Mr R, D F. Oosthuizen who has some bea-
tifully preserved specimens in his collectlon (Flg 15) Of'
. this form the carapaces only, are usually preserved. I tra-
Ced'its distribution from west of Laingsburg to Lake Mentz

in the east; In general appearance, mode of preservation and

- stratigraphic position, this crustacean strongly resembles

Paulocaris clarki from the Iraty.

" (3) Fgssil Fish
Prlor to this study the fossil fish from the Whitehill Forma—

tion were represented by a 51ngle species, Palaeonlqcus capen=-

- sis Broom (1913) Considerable COnfusion exsists about the
prec1se 1oca11ty of the type specimens although Broom (1913)
_in the or1g1na1 descrlptlon of the material states that 1t is
from 12 miles (+ 19 Km) west of Calvinia. The type material
is housed in the South African Museum, (S:A.M. 1061) and Broom
(1913) in his description refers to three specimens bnt only
figures and describes the type specimen; ”The'only»other re-
ference Broom (1913)p. 1) gives to the other two specimens |
is that "in the other two the tail halves" are present, These

specimens were re-éxamined by Gardiner (1962) who contrary to
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Aldinger (1937) believes that the identification by Broom (1913)

of the material as Palaeoniscus is correct., McLachlan and An-
derson.(1973) state that Jubb identified fisﬁ they collected.
from the Whitehill Formation on the farm Ezelsfontein near
Loeriesfontein as identical with the incomplete speéimens in

the South African Museum (S.A.M. 1066) which Broom (1913) by

implication saw as paratypes of Palaeoniscus capensis,

The Cape Town material (S.A.M. 1061, 1062 and 1066) was re-
examined by Jubb and Gardiner in 1975, Specimens S.A.M. 1062

and 1066 were consequently removed from Palaconiscus capensis.

and tentatively referred to Watsonichthyes lotzi. (The mate-

rial of Anderson aﬁd McLachlan (1973) from Loeriesfontein wili
now also be referred t° E;l9E££ as 1is the_fragmentaryimaterial
v(S.A.M. K1162) collécted from the s#me 1oca1ity by Clﬁﬁer and
Kensley)é' : ' o o

To date Palaeoniscus capensis was therefore representied by the

type specimen (S.A.M. 1061) only but I collected additional
specimens from the loeriesfontein area, As has been pointed
out (McLachlan and Anderson, 1973} Jubb and Gardinerj 1975)

the original record in the cataloque of the South African Mu-

'séum giﬁes the locality 6f this specimen as "Watervallfarm,_
'Princé A1be£t‘district,'Cipe.Province”. This original ent;&
was crossed out and a néw locality stating "Hantam mountains

19 miles'west'of Calvinia" was made, As the farm Wateival in

- Prince Albert district lies entirely on lower Beaufort sedi-
nents, the specimens, which undoubtedly’is of Whitehill origin

- by virtué of its'mat:ix, could rnot have come-from.this 1ocaiity.

. A . .
Upon examining the fossil fish coliection of the South African

-~

Museun I found. two specimens with the same numbexr 5,A,M, 1061,

One of thase is the type of Palaeoniscus capensis Broom -and
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the other is a fragment which seems to be lower Beaufort rock

with Atherstonia~type scales., On this specimen an inécrip-»
tion reads '"Waterval, Prince Albert", As the typé speéimen

of P.capensis bears an inscription "Hantam mountains, 12 miles

west of Calvinia'" there can be little doubt that this,must be
the correct locality.

Jubb and Gardiner (1975) pointed out that Palaeoniscum Agassiz

has,priérity over Palaeoniscus as Broonm (1913) used it. . Con=-

sequently the valid name for this fish is Palaeoniscum capen-
-sis. _
The first report of fish from the White Band (Whitehill) is

by Reogers and Du Toit (1909) who refer to Elonichthyes sp.

from.Calvin_ia0 In the present study the distribution of fish:
in the‘Whitehill Formation was traced by systemétic collection
and;a-numbef of new 1oca1ities were discovered (Fig. 13j.
Prior fo this étudy fish were.known.from the farm Ezelsfontein
(McLachlaﬁvand Anderson -1973) ard Langberg (Halﬁich 1958) near
Loeriesfontein as weli as from the vicinify of .Prince

Albert (Haugton, Blignault, Rpssouw,vSpies ahd-Zagt, 1953) and
the farm, Vlakte onder Hangklip (Rossouw, Meyer, Muldér and
Stocken. 1964) from the same district. |

The casternmost record is now from the'farm ZwaftSkraal'near.

KlaafSLroém and the northermost recoxd is from the farm Jacht-
scherm northwest of Vosbu*g where fish were found by Mr J. C

- Loock {pers comm.). The author also recovered fish scales
from the WOrcester_outlief, which makes this the southernmost
‘record, The presence of fish in the form of fish tréils

- was récorded on the.farm Gannavloer near Van Wyksvlei in the

Carnavon district (Fig. 18).

In the Whitehill outcrops from De Bos in the Tanqua Karoo in
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the south to thé farm‘Narosies no:th west of_Loe:iesfonfein I
found the fish to occur in dense concentratiohs in a thin zone
in the middle of the formation. From the description of H4l-
bich (1958) it is 1iké1y that only the lower half of the por-
matién is present in the‘Langbefg ?rea for the fish‘acmefzone
seems to be pfesenf near the top of the outcrop in this area.
" The upper few feet of Whitehill sediments on the Langberg ac-
_cording to H&lbich (1958) together with the fish also contain
‘abundant "plant impressions" (p. 124). From the general bio=
stratigraphy in this area it is possible that the "plant im-
preééions" arevfheAWOIm.trails present in the intefcalafed
shale in the middle of the éormation{

The presence of fossil fish material in the Karasburg Karoo

‘Basin is documented by Anderson (1975) from Goeie Hoop.

I have collected_good.impressions of palaeoniscid fish scales
from the farm Kirchberg and a single bony plate ﬁrobably also
of a palaecniscid fish from.Aussenkjer. ' Schreuder and Genis
(1973~4§ mention fish from shale above the tillite but do not
.mentiqn fish.in the Whitehill Formatidn; The Kalahari Karoo
vBasin,'iike the Karasburg Karo§ Basin, has yieldeé abundént
fish from the shale between the tillite and the Whitehill.
.Formaiion‘(the equivalent of the Prince Albert shale in {he‘
Great Karoo Basin) (Gurich, 1923; .Gardinér, 1962; McLach~
lan and Anderson,>1973)._ From the Whitehill Eofmatioﬁ no
fish had been recovered to date. "in the present study, with
the exception of a single impression, probably of»a'bony
plate of a palaéoniscid fish, no fish was found., The single
record is from a loose block cf silty sha1e4found on the farm

Gross Daberas (Fig. 19).
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{4) Insect Wings

The firsi record of insect wings from the Whitehill Formation
was from Modderdrift and Krantzpoortyfarms in the eastern sec-
tion of the Great Karoo Basin (McLachlan and Andersonv1977b).
VBoth specimens were recovered from the black, slumped dolomite,
From the north western part of the Great Karoo Bésin another
_wing was fOund”by-J.Ce Terblanche (Strydom 1979), Thisvépeciu
men, now in the collection of the Zoology Depaitmeht Unigersiu
ty of Stellenbosch was identified by E van Dyk (pefso cémm;)
as a coleopterid wing., The wing is preserved in the typical
whité weéthering sha1e. From the Worcesier oﬁtlier,c. Pétgien
ter recovered a Wihg in a calcarious concretipn. The incom-
hpiéte, folded wing (Fig, 20) is difficult to identify and to
evaluate systemétically. '

~A.fifth wing was found‘in white weathering shale on the farm
Kaffersdam in the Kubiskou range near lgoeriesfontein,

The paucity‘buf never theless. wide distribution of the inscect
remains could be impo:tanf in evaliuating the transport svstems
that were operative in the basins.. Accarding to Anderson agd
McLachlan'(1977b) twd possiblé transport mechanisus éould héve
been involved, (Wihd and water currents), and they come. to the
énnclusion\that wind was the most probable agent responsible;
Flying insedts are known tc be carrxied for vast distances over
the ocean and light objects floating on the surface are also
commonly carried along by the wind, Tﬁere is therefore no ne-~
cessity to invoke water currents from e,g. incbming rivers as
a transport mechanism, In any case, if currents were involved,

driftwood and leaves emanatiing from the natural habitat of thez

‘insects might have been expected at least in some abundance,

in the sediments. In fact, plant material, other than the odd
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(poséiblvaindborne?) leaf or two is wvirtually absent (see

next section)., The role of wind as a transport agent is con-
‘firmed by the presence of volcaniclastics such as glass shards

and lapilli (McLachlan and Anderson 1977a).

(5) Plant Material

Fossil wood is exceedingly rare in the Formation; A few re-
cords.of wood from the Fofmétion are all from the Prince Al-
bert area of the Great Karoo Basin (Haughton et al, 1953," Ros-
souw et al 1964, and Oosthuizen‘pers,'comm;) Cooper (1975 p.
377) mentions the presence of silicifiediwood in "a hﬁmber of
outcrops'’ and Van Eeden (1973) postulates that the carbon in-
the northexrn White Bané 6utc£ops was derived fromvforest_areas

- to the north.;'Nel'(1977)bfound a siliéifiéd trunk in the noxr th-
western - outcrops. No%withstanding-the claims of some

of these authors I never came across any fossilizéd wood - in

the course of my field work with- the sole exception of one

record from fhe WOrcésfer 6utlier, I héve'certainly géined_
the impression.that the shales are for all practical purpo-
ses devoid of driftwood. Of a number of other-wbrkeré who |
studied and mappéd areas in_the'north»westein-section(of'the
 Great Karoc Basir_{ (e.gs Potgieter, 1973; McLaren,' 1974; Pot-
cieter, 1974; Lemmer 1976) none mentions the occurence of
plant material.

The record of leaves in %he formationfis-likewise restricted
to a few specimens. SchWarfz (1912) and Du Toit (1954) refer

to Glossopteris maierldl from the White Band but +ho OV1g1na1

specimens cou]d not be traced (Qnoersop and McLachlan,1976).
"The latter authors documented the presence of a single leaf

fracment from the dolomitic layers. The specimen was referred to

the fern-like Condwanidium rather than to Gilossopteris.
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An impression of a sometht enigmatic plant was found'by R.D.F.
Oosthuizsn on a joint fieid trip in the Calvinia district#(spe-
cimen G 38, collection of Oosthuizen). The specimen Qas de-
scribéd and illustrated by Andersoh'and McLachlan (1975) who
Qqﬁld not reach a difinite identification on the specimen.

A number of flat 1eaf-1ike.structures Weré collected by me

from the shales. Some of thevspecimens (U.8.S. 1/10/4 and
1/7/4) were described and illustrated by Anderson and McLach-
1an'(1976). These authors point out that some of the strap-

like structures are smooth while otners show a blocky surface

resembling tyertebraria rootsﬁ (p 34)., Whexre the ~ends

are preserved it san be,seenzto be smooth and bluntly rounded.

" Some of the straps are preserved in a serpentine manner and

they vary in width from one to almost 10 cm, One particularly
well preserﬁed specimen is 4. 75 cin wide and 45 cm long.

These "fu001d straps" are problematlc and Anderson ‘and McLachlan

(1976) even doubt whether the structures are of vegatable ori-

gin. I am of the opinion that these structures,could either
be impressions of the blades of large kelp-like algae oxr
flattened fleshy stems.

-~ A record of Cyclodendron les1lii is the only reference to‘fose.

, 511 wood in the Karasburg BaSrn (Schreuder and Genls 1973 -4 ).

It is however not clear whether the record is from the White-
hill FOrmation‘itself. |

:A spec1men from Aussenkjer, collected by the author,, was also
described und figured by Andcrson and McLachlan- (1976 Fig, 15}
Tﬁe leaf~like impression is bilaterally simmetrical-with a
longitudinal median ridge but shcws howsign of seCondary vena
tion. Regular rows of small bumps arranged obliquely across

the structure are uninterrupted by the median ridge. The re-
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~gularly spaced individual bumps in the rows as Well as the
TYOWS themsélves, are about 5 mm apart, Neither end of the
impression is intact and the inferpretation of the specimen
is problematic (Anderson and MclLachlan 1976), The authors

decide that it could possibly be either the impression of a

‘fern leaf with the bumps representing the fern séri or the
flattened fleshy stem of é-reproductive cone.

From the Kalahari Karoo Basin outcrops capping‘the Gellap
Plateau Haughton and Frommurze (1927) mention fossilised wood
'which I could not confirm, The only plant material I found

is an impression of a single Glossopteris leaf, (This spe-

cimen was élSo described and figured by Anderson and McLach-~
~lan, 19763 Fig, 14), It shows a well developed midrib and
secondary venation running ﬁearly pefpendicular to the midm
fib;"In personal communication to 'Anderson and McLaChlan-(1976)
'KovécseEndrody.described these features as indicative of én”

advanced form of Glossopteris. Heath (1966) reports abundant

fossilised wood from the Whitehill Formation at Gross Daberas

and Daberas Ost but in this case too I was unable to vérify

the claim,

(6) Cephalochordate

In Oétober.1976, a membexr of a student group under the guvi-
dance of J.C., Loock, senior lecturer in Geology at the Uni-
versity of the Orange'Free State found a fossil imprint on

1 £

the faru Zwartskraal in the Prince Albert district., The fos-~

sil was found in the Notocaris tapscctti acme-zone about one

meter from the top of the Formation. The specimen was donated
to the University of Stellenbosch and is now housed in the
collection of Whitehill fcscils in the department of Zoolo-

gy. A detailed description of the fossil is being prepared

SV
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for publication.

,Both sides of the 11 mm long organism are present as imprints
(F"ig° 22).on'the bedding-plane. Thevspindle shaped body im-
print is clearly visible but details of its anatomy’éan only
bé'studied with the aid of a stereomicroscope. A stiudy of
.tﬁe specimen with a scanning electiron microscope was attemp-

ted but the results were very poor because of virtual absen-

ce of reiief.

Along one of the long edges thére is'a Conspicuous sefies of
spine~-like structures aﬁd this is intetpreted as being the |
dorsal sidé; Near this edge both imprints show clear impres-
sions of a longitudinal rod-like structure that s%retéheé

| along the whole léngfh of the body. This rod occﬁpies the
positicn of the notochord in chordates.A The anterior tip of
the rod tapers to a fine point which reache%ﬁthe extxreme aﬁm
terior tip of thé spindle shaped body and thus resembles the
‘notochord of the Cephalochordata rather than that of verte-
brates., (For a diagrammatic comparison of thé:fossil and a
modern cephalochordate see Figs 23 and 24), Dorsally to
tﬁis notochord-like rod a second impression, alsb'that of a

- rod~like struéture is present; Relative to the first and
judging from its positioﬁ in %he dorsa19region‘of the spin-
dle shaped body,:this structure occupieS'jhe~position ot" ‘the
dorsal nerve cord in chordates. ThiS'rodnlike,impression, 
like the fifst, tapers'cff smoothly at both ends without ény
sigﬁ of a bulge indicating the presence of even a rudimenfa-
ry brain. If thié impression was left bﬁ thé connective tis-~
sue sheathvof a nerve cord, the zhsence of a brain again points
to a cephalochordate, rather than a vertebrate affinity. Even

a brain as small as the lamprey's, however poorly preserved,
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would still. have shown up. _

On the ventral side of the one énd of the body a cup-shaped
structere'which resembles the oral.hqod of modein cephalo-
chordates, is»present. Behind this cup-shaped oral hood is
a series of elanting striations (34+)., The series of stria- . =
tions by analogy te the anatomy of ﬁodern cephalocordafes is
interpreted as a series of pharyngeal branchial arches. In
number, arrangement and shape these correspohd'more'closely
(even remarkably so) to cephaloehordates than_to any known

vertebrate although a filter feeding agnathoetome of some’

kind caenot, on the branchial region alone,‘be entirely ex-
cluded, |

. The wide brancﬁial regien of the alimentary canal tapers off
,into a thin_fube running immediately below the noifcchord. In.
the region ef the posterior fin-like extention cf the body,
‘the tube shows a;distinct ventrally‘directed flexure which
could indicate the position of the énus (Fig. 23). The anus
in modern cephelochqrdates is similarly situated (Fig.24).

No trace of a 00381ble atrioporal openlng can be. expected,
The splndle shaped body bears d01sal ventral and caudal fin-
like structures.‘ The large size of the fin-like et ctures‘
is of interest in that it indicates a free,swimming mode of

- life, 7This assumption is supported by the absence of a bot-

tom fauna in inter alia, the Notocaris tapscotti zone in the

Great Karco Basin, caused by the reducing nature of the sedi-
ments, the complete absence of bioturbation in the sediments
‘and indications of the presence of toxic bottom brines.
These conditicns would iule'out anyfpossibility tha¢'the or -
ganism under discussion cculd have persued the largely seui-

fossorial mode of life found in living cephalochordates,
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Thé most stfiking feétuxe of the fossil is the impressions

of 14 chevron shaped,objecté in the free edge of the dorsal
fin (Fig. 22). These structures each serve as a base for é
'single‘cﬁrved barb., The depth of the impressions indicate
that these strUctufes consisted of material considerably more
:esistant than the rest of the body and they obviously repfe—
sent some kind of skeletai skin (dermal or epidermal).struc-
'}ture; Nothing similar occurs in cephaléchéidafes but the
structurés are strongly reminiscent of the spiﬁes and.héok

shaped ornamentation seen in some primitive anaspids e.g.

Birkenia and Pterygolepis. A common agnathos tome-cephalo-

~chordate ancestor could vervaell have borne similar struc-~
-tures, |
The anterior part of thé dorsal fin.shows short's%riétions
wifh'a.slant rather'simiiér to those of the branchiai regién.
Superficially they may fhus seem to be dorsal gxtensions éf'b
the striations of the bfanchialiregion. ihe branchial stri=
ations however are more horizontally inclined_;ﬁteriorly,i
gradually chénging td'a more vertical position in the poste-
'tiormostlregion. The change in slant is absent in the‘stri—f
;ations of the dorsal fin and this rules out ihe possibili%y.
" that théy'are mere extentions of those in fhe'branchial re-
gion. The striations in the dorsal fin, by analogy’tékthe,_

anatomy of the dorsal fin in modern cephalochordates, could

represent fin rays (fin boxes).

) Should the identification of tﬁe orgénism, tentatively ar-
ri§éd‘at ébcve (i.e. thét if represents a descendant of an
early cephalodhordate with possible agnathostomafewvertebrate

affinities), be correct then it is obviously a discovery of
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of the greatest importance.' It is thus highly desirable that
véttempts be made ‘to collect fur ther material to reach a bet-

ter understanding of the form.
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PROBLEMATICA
A, The "Echinoderms"
In the Loeriesfontein, Calvinia area of the Great Karoo Basin,
coinciding roughiy with the aréavéf maximum thickness 6f the
shales, two horizons containing problematic hollow moulds
in great numbers, were found. |
‘The spherical, siightly dorso-ventrally flattenzd oﬁjects‘ﬁau
ﬁ? in’ ;iéé frdm about three to 30 mm in diaweterx (Fig; 25).
A pentaradiate system of branching ridges are present in all
specimens with the upper and lower surfaées of the spheres
differing in the configuration cf the ridges. One of the two
sides superficially reéemble‘the ambulacral gféoves of the

'edrioasteroid~Timeischytes as figured by Ehlers and XKesling

(1958)., The centre of each ambulacral-like groove shows a

superinposed grobve reéembling the.food groove in some Echi-

| nodermata. In some specimens an area that seems to contain
impressiohs.of a few plates arranged around‘a.central'opew
ﬁingbis_visible. The latter could possibly be an aﬁal oée—
hing., By injecting silicone rubber into tﬁe_mouldé-and split-
ting the shale along the‘bedding plgnes, three dimensibnal
casts of the moulds were made, In theée casts the relation—
ship of thé ambu1a¢;§1;1ike ridges_of‘the two sidgs of a
sphere could be studied. It was established that the ridges
on the two semi-flattened sides join to form a complete penta-
.radiate structure with the ambulacra forming a.less reguiar
pattern than in the*§6mmon sea urchin; The spheres seem to
have constant upper and lower sides as they are usually ail

.

‘found witn the same side uppermost (usually the "anal” gide).

The constancy in form and configuration of the grooves point-
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to the orgaﬁic naturerf the objects. Amongstbmulticellular
_animals it is only the Echihodermata which possess a pentara-
diate symmetry. Elsewhere a pentarédiate'symmetry.is found
only in the fructifications of some of the higher plants, ~ As
these planfs are all terrestrial it is most unlikely that its
fructifications would have assembled in this parf of the ba-
sin without any trace of the rest of it. Therefoie it seems
unlikely that we are deallng with casts of fructlflgatlond;

"~ The only other possible ewplanatlon is that the merlnts are
indeed those of echlnoderms. However, Niclols {pers comm.)
rejecté this affinity on the grounds that the;evis no evi~ -
dence of the pfe#ence of skeletal plates. The reason for
_thebabéence of fine detail could be ascribed to their mode

of preservation as hollows;‘and to the nature of the weather-
ed éedimentg a soft poorly biﬁding, powdery ;ilt.

Ail objections to the contrary, the author is still inclined
to believe that these objects represent moulds of organismsf
of ‘echinoderm affinity. A final decision on their nature will
-however have to be postponed until sﬁch time as unweathered
specimens cén be obtained. o |

B, A problematic fossil‘cbject, »superficially resembling the
‘1mpres31on of a brachiopcd valve was collected by Nel (1977)
from Whitehill outcrops in a quarry con the farm Devondale

neér Witput'station,‘nofth of Hopetown, The specimen was
figured‘by the 1after autho? but not described and was iden-
tified by him as a brachiopod valve,

The specimen, which is now housed in thekcolleciion'of-Whitem
- hill f03511° of the dep:rtment of Zoologyv, Uni&ersity of Stel-
lenbosch, was subsequently examined by Dr. N, Hilier who is

of the oninion that it is not a brachicpod. No explenation
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~ other than that it could possibly be.aifeeding frail can be
advanced at this stage, - The impression (Fig. 26) is three.
hm wide at the basé with 12 mm iong branching rays fanning_
oﬁt'to a maximum cross diameter of 15 mm., About @ight of
these rays form the base of the siructure with the first bi-
furcation occurring 3.5 mm from the base. | .
A second series of bifurcations are presént in all thé‘fifst'
o:der branches about 8 mm from the base and indications ofy

" a third zone of bifurcations about 11 mm from the base can
be recognised along the top of the object. |

Individual rays are bilaterally symmetrical, a single median

'ridge being present in thé.floor ofvindiQidual ray impressions.
: C; One specimen showing bundles of spicules was éollected
 from the Loeriesfontein area (Fig. 16). McLachlan.and Andex -
scn (1977).have found sponge spicules in the‘dolomifes of  the
Formation and as the structures I figure here closely resemble’
spicules §f ablarge sponge.this seems to be the most likely

identification.
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TRACE FOSSILS

Although a variety of widely distributed trace fossils were
collected from the Formation their occurence is sporadic and
restricted to the intercalated silty shale member. It seems

that it was only during the deposition of this member that

bottom conditions were favourable for fossorial organisus,

The following different.types of ichnofossils were found.
(1) Arfhropod trails

Four différent_types of arthropod trails were collected. 

A'In the Great‘Karoo Basin tfackways were collected on the farm
Kafferdam near Loeriesfontein and in the "Skimmelkoppe' north
of»De Bos in the Tanqua Karoo., The specimen from Kafferdam
_(Fig. 27) superficially resembles the trails described by
.Anderson (1977)vfrom‘the Princé Albert Shaie south of Loeries-
fortein., The tréck consists of a double row éf transverse,
somewhat oblong dots grouped into sets of three of which three

pairs are wholely or partfy preserved, The tracks in each set

- are evenly spaced at inter&als of aﬁéutlzvmm with each indi-
vidual track about 5 mm wide and stfongly crescentic in out-
 1ine.' Each set.of three tracks is displacedlsideways_(td the
righf?) in relation %o the pfe&ious set as the animal moved
forwards, No grooves or dots other thanvthe crescentic tracks-
are visible and the ftracks suggest>ah arthropod.that moved,v'
raised well above tﬁe’substratum, on three pairs df functional
walking legs. The sideways-displééeﬁent of the tracks sug-

- gest a skew crab-like movement {Fig. 28).
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~As far as can be gathered from the ichnofossil 1literature
this particular type of trail has not been described béfore.
The rest of the arthropod-trails are of the "Diplichnites®

group of trace fossils, like Umfolosia sinuosa, Savage_(1971)

from'the'Natal Ecca or Machulichna varia Anderson (1977) from

the Prlnce Albert shale near Loervesfonteln.
The only trail. of this kind from the Great Karoo Basin was
found in the "Sklmmelkoppe" in the Tanqua Karoc. This trail

is nearly 13 mm long, 10 mm wide (outside diameter) with each y

individual crescentic track measuring + 3.5 mm, The wéathered,
pitted nature of the bedding plain surface on which the trail
is preserved hamper detailed observations and comparisons, but

the trail can in all probability be referred to Umfolosia si-

vnuosa Savage (1971).

 The second rec01d of this type of ar thropod trall is from
near Haib mission staiion in the Karasburg Karoo Basin, The
trackways, collected by D. Scott. are preserved in the typi-
cal whité-weathering silicicus shales of the Whitehili Forma;

tion and is the only record of txacedfossils outside the in-

tercalated silty shale member of the Fcrmation. The only
other records of trace fossiis from this basin are those men-
" tioned by Schreuder and Genis (1973-4)-from the boulder shale

on Aussenkjer and the Limulus trackways described by Anderson

(1975). Schreuder and Genls (19732-4) claim ihat the tracks

in the boulde; shale are those of Notocarls tap"cotTL but

the restricted stratigraphic occurence of N,tapscotti casts

doubt on this identification.
Some of the Haib trackways (Fig. 29) and associated body im-
prints (Fig, 30 A and B) were compared wiih measurements of

specimens of N, tapscotii of comparable size, Parameters such
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-as the distances between the walking legs, the length of the
sternal width between the bases of the walking legs were
found to coincide very closely. It can therefore, with a

"vfaif degree of confidence be speculated that the Haib, Um-

folosia~type trails, were made by Notocaris tapscotti, known
‘to be present in the basin, or by‘a closely related form.

The precise Stratigraphi§ position of the trails arelunfor—
tunétely not known and it is thus not possiblé'to know whether

the trails are from the N, tapscotti zone.

. The body imprints show the walking legs in the typical bent

posture in which they are usually preserved in the actual

fossils of N.tapécbtti‘and‘as some of’the impxintsvhave track=-
ways 1éading up to them no doubt about the.aSSociation of the
body imprints and the Umfolosia-type trails caﬁ exist,
Qh<oné_of the Haib slabs ‘a sinuous.groove-iikevtrail showing
.afcentfal ridge is preserved (Fig. 31). ‘This small 1 mm wide
frail shows no detail of scratch marks of appendages but from
the regular pattern in which fthe éediment on the borders of
~the trail is.distﬁrbed‘it.is clear that the trail was made

by an arthropod.
(2) Star-shaped trace fossils

Specimens of star-shaped trace fossils from two localities in
the Whitehill Fprmatibn have been collected, One lecality is

on the farm Maritzdam in the Carnavon district (Srydom 1979),

The other specimens were collected by me on the farm Brand-
‘hoek near Calvinia,

Similar structures have been described from the Pennsylvanian

of the United States as the ichnogenus Astericnus (Bandel 1967)
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Similar traces are also knoﬁn from the Iraty of Braéil (Me?-
Zalira, 1971) and from modern deép sea environments (Hdntzschel
1970). | |

The star .1ike trace fossils, approximately 01rcu1ar in cross
‘section with a dlameter of + 5 cm, consist of 4=~5 bundels of
unbranchlng rays. These groove-llke rays_radlateerom a
'rdund knob 1like céhtre + 1 cm in diameter with rays éf.ad—
'jacént "stars" tending to meet (Fig. 32).

According to Bandel (1967) these are subsurface trails made
within fhe sediments AIOng the bedding planes in the same Wéy
as other recent and fossil starlike traces and are produced
bj a.lafge organism'of'unknown-systematicvposition. These

: féssils have practically.no stratigraphic significance (érubic

1970).
(3) Zoophycos trails

The author has collected Zoophycos trails from the intercala-
ted silty-shale member of the Whitehill Forﬁationiin the Great
Karoo Basin on the farms Brandhoek near Calvinia and.Vlaktel
onder Hangkllp near Prince Albert. -

The traces (Fig. 33) are + 28 mm W1de and are of the antleru
type planar variety of Zooghxcos compalable to the sp901mens4
illustrated by Roderiquég and Gutschick {1970, Fig. a platé??),
H%ntzschel (1975, Fig. 75) énd-Crimesr(1976,vFig. 39).

. This fype of trace is one of the most discussed problematic
fossils and it has been inte:preted in varxious ways e.g. as

i

marine algae, body fossils of sponges or corals and lately’

as the feeding burrows of soft bodied worm-iike animals., They
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are said to have produced the traces by systenatlc mlnlng and
foraging through the sediments. Accord:ng to Taylor (1907 p.

11) "Much remains to be discovered about these trails" and

"no single interpretation has yet found generai acpeptanceﬂ
The work of Plitka (1969), Stevens (1968) and Bigéhoff'(l968)
have howeverx convincingly.shown that the helical,typesvof '
Zoophycos are the foséilised prostomia of sedentarylmérine
polychaete;worms of the famiiy Sabellidae., If this iﬁterpre;
tation is acéepted-the antler-like planar variéty pf'Zothv-A
cos which ceftainly does not fif this interpretation shoﬁld
be separated from the helical forms. In this respect I am

"in full agreement With.Simpson's (1970) distinction betwaen

the planar antlef-like Zoophycos and the helical Spiropthon.
(4) Feeding trail

From the farm Kafferdam in the Kubiskou mountains near Loe-

riesfontein a rose-like feeding trail, convex in hyporelief,
was collecfed from the silty shale member of the: Whitehill
Formation. Thisvtrail superficially resembles the tracé_

fossils Spiroxrha ape and Helminthoidea as ficured and described

by Hintzschel (]962) but is in fact dlstlnctly different _from
both these 1chnogenera in the arrangement of the snlrels.

¥t is clear from the trail (Fig. 34) that the feeding orgaF
nism removed only the most superficial veneer of sedimenti on
the bédding plane. .Thé thickness ‘of the sediment.removed, vaxry
and_ the depth ~of . an -excavation is related to its Width,

the deepest trails being also the widest,

It can be inferred from the bordering ridgés of Ehé trails

that feedlng comnenced. cn the p@rlm ters of the trace and
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continued inwards in ever decreasing circles until a firnal
centrai SCOOp Was removed, As there i.s no indication that
tﬁe trail was formed by miniﬁé or Burrowing_into the,sedimeﬁt
and as no infill of any kind is present it is fundamentally

different from Spirorhape and Helminthoidea. ' The trails vary

in width from one to four millimetef aﬁd show no sign.of tur-
ning gndvlooping back in the centre as is typical of Spiror-
hape (Hintzschel 1962). o |
I am consequently conﬁinced that this is a hitherto<unknpwn
~trace féssil and bedaﬁse of its very distinét nature it'may
perhaps be appropriéte to name it formally, o |
The name proposed for this trace is derived from its rose-
like form and the original Afrikaans name of the Whitehill
Formation. It was named in accordance with the proposed
neode for trace fossil nqmehCiature" of Bésan‘(1979).r_
Ichhogenus_RoséiChnus gen.lnov; B

Characteristicss

A rose-like feedihg trail formed by the removal of a thin ve- -

neer of sediment on a bedding planexwith feeding commencing

on the perimeter of the Eraée and continuing inwards in ever
decreasing circles withva final centrél scoop removed, ,Ihe'
central excavation is no* connected with the_éutside‘trails.
Diameter of individual trails vary from one to fbur millime-
ters, depth + one millimeter,

Ichnospecies Rosaichnus witbandicus gen. e%., sp. nov.

Characteristicss , L .,

As for genus; formed by an animal of uncertain systematic
position; probably a soft bodied worm~like organism,
Holctype; U.S.S. 1/3/5 kept in the collection of the DepartAn

ment of Zoology, University of Stellenbosch (Fig. 34).
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(5) Scolicia-type traills

These trails were found in abundance, in the intercalated.
silty shale member of the Whitehill Formation, They can- be
classified into two types which will be referred to as types

A and B,

Type A trails are larger ?han type B and measure up to 15 mm
'in width. It is a composite.trail and consists of é number
df parallel.or sub—pargllel smaller subtrails with a diameter
~of + 1 mm. About nine to elevén of theée shall trails may
be present across the diameter of the compos*te main trail
(Fig. 35).

. The smaller type B trail has a diameter of # S;mm and seems
to differ in origin from the 1arger type A tiail It nor-

: mallv shows no 31gn of the Qmallel subtrails and the areas
of undisturbed se01ment present between the adjacent sub-
trails in type A are abseﬁt from type B. In section how-
ever,_#nd in someNSpecimens also in hyporeliéf; there are
indications that-type.B might also be a,composite’structufe{
Where types A and B trails intersect it can some times be
seen (Fig; 35 ) that the smaller subtrails are aséociatede
 with bofh typeé with the-effeCt that no sharp corners are
formed at pointé of intersection.

At some localities only fype B trailsvseem to be present e;g.
in thé Kalahari Karoo Basin (Fig. 36B) and in the eastern
_section of the Great Karoo Basin on the farm'Josias de Kocks
Kloof neaf-Prihcé Albert. - At the latter locality the three
meter thick intétcalated silty-shale member is extensively
tunnelled.

The: tv»2 B trails seem to be identical with the trails da-

i
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scriced by Hobday and Taverner-Smith (1975) frcm the middle
Ecca of northern Natal (see Figs. 5 and 6 of fhese authors).
Identical’trails'ate also present in the green mottled silt-
sfone that underlies the Whitehill shale over very large

areas in the north western section of the Great Karoo Basin
and in the Karasburg and Kalahari Karoo Basins. Similar trails
are also present below the Whitehiil.Formation near theABrand~

‘berg, Huab Karoo Basin (Fig, 36C). As Potgieter (1973) ‘has

-justly poihted oﬁt tﬁis green mottled, tunnelled shale cani
’serve as a valuable marker horizon over large areas and where'
. the Whitehill Formation has been removed by denudationlits
p031tion nmay be pinp01nted be the presence of this marker
, horizon. Identical trails were also found to be present in
the green shales of the Collingham Formation above the Whiteé
hill shales in the Great Karoo Basin,
In correlative work these trails therefore ‘could prove to be
of value in establishing the relative position of the Whiie-
hill Formation beyond iTS'cﬁt off'point in the. nor thern Ecca.
In this respect the 1dent1ca1 trails described by Hobday and
 Taverner-Smith (1975) in the middle Ecca p01nt ‘to. a correlationv7
of this section of the northern Ecca with the Whitehill Fox=

mation in“the south.

It is of interest to note that the'presencebof these trails
- in the SHalloW water Ecca deposits is seen by Hobday'and
Taverner-Smith (1975 p., 50) as "posSibly unusual® for.it is
‘usually associated with deep water deposits as part cf the
Zoophycos ichnofacies of Zeilacher (ViSSer'and[Loock 1978).
Fossils of the.shallow water Cruziana and §kolifos ichnofa~-
cies of Zeilacher (1967) is however present in some abgndan-

ce only in the Karasburg and Kalahari Karoo B:asins, .
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vIn de01d1ng upon the valldlty of ichnofacies as water depth
indicatars it should be kept in mlnd that anlmals are usual-
1y able 4o survive at varying water depths and that the rlght
substratum rather than é.specific depth-of water will deter-
mine the inhabitant.spectrum.- | |

(6) Bifungites-like traces

A most promising trace fossil for correlative purposes is-tﬁq

dumb—bell-shaped surface impreséions of which some superfi-

c1a11y 1esemb1e Bifungites. These traces occur in vast num~

bers (Fig. 37) on the cherty layers in the Collingham Pormam
‘_fion immediately on top of the Whitehill shales, over vast
areas in the Great Karoo Bas:n. AIf occurs from Lake Mentz
in the east to the Worcester outlier in the south and as fav
north as the Van Wyksvlei area. This trace fossil is not
known to occur in e:ther the Prince Alberu or Whitehill For-

mations. Hobday and Taverner-Smlth (1275} however describe

it from the middle Ecca in Natal,  Together with the Scolicig

type trails it could thus'prové to be very useful ih_déter—
mining the relaulve stratlgraphlc p051t10n of the Whltehlll

Formatlon in the northefn Ecca in which case the WhltehlLl

shales seem to correlate with the middle Ecca in the nortn.
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THE BIOSTRATIGRAPHY OF THE WHITEHILL FORMATION

Although the vertebrate fauna of the Whitehill Formation has

‘been known for a long time (e.g. Mesosaurus was described in

1864 and Palaeoniscus in 1913) very little was previouély

known of the biostratigraphy of the unit. No systemafic col-
lection of fossils from this Formation, on a local or basin

wide basis was ever atiempted in spite of .pioneering work on

biozonation done in the Beaufort sediments as early as 1905

by Broom (Keyservand Smith 1979)...The hiatus in our know-
‘ledge on the bioZonation\ofvthe'Whitehill Formation véiled the
fact that the Forﬁation is a éhronosfratigraphic.unit. Its
wide use in correlatiéns as a chronostrat unit by various

‘ authérs (e.g. Martin, 1961; Van Eedgn,\1973; Heath, 19656;
Schreuder and Gehis; 1973-4) was BaéedAon intuition.;ather than
proven fact. So few facts Were‘available'fhat the validity
of the.assumption.was actually questioned by Mclachlan and
Anderson (1976).

The present wérk is fhe first to provide proof based on the
biczonation of the Formation, for its validity. The consis-

tency in the biozones throughout the different basins prove

'that the‘éhales theméelves or any of their éndemic fossils
can, with great confidence be used for -correlations between
the diffe:enf basins. A determined search for the extentions
iof.the biozones in the sedimeﬁts beyond the cut off point of
_the Whitéhill Formation might inm future provide final answefs
as to Whether_the middle Ecca coals are oider oY younger thén
the Whitehill shales,

- Du Toit (1918) proposed that the coal measures'of the norilern

Ecca are isochroncus with the southern Ecca (this is the "old"
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Ecca excluding the White Band and the reSt of fhe "Upperxr

Dwyka" shales), This cor:elétion was subsequently followed

by most authors. (e.g. Du Toit, 19263 Haughton, 1969; Rust;
1973; Cooper, 1974;and‘Aﬁderson 1975pz.f According to
Andgrsbn and McLachlan (1976 p. 37) the "currenfly morelfashiénA
able" fheory ié however that the coal measures are isochronous,

not with the Ecca sediments above the Whitehill Formation, but

with the Whitehill and Prince Albert Formations theﬁselves.
The 1atte£ correlation was advocated by Kent (1938) Van Eeden
(1961, 1973), Plumstead (1961), McLachlan and Anderson (1973)
and J,M. Anderson (1973).

The most obvious place to search fox the biozones will bé the
Port St Johns area foiloWing up reports of carlier observers

i that the Whitehill shales are present there (Rogers and SchWarz,
'.19013 Du Toit 1920; 1946) directly overlying the massive til-
lites, A searéh for these sediments might reveal the presencer
of the biozones of the Whitehill Formation, a find which will
cer tainly be of much.vélue.f | L |

As has been‘explained in the section on trace fossils, the

Bifungites and Scolicia type trails may also be cf value in

the correlation.,

'it is_finélly not only for the benefif‘of long distance ﬁorth-~
south correlations that tge new knowledge on the biozénations‘
of the Whitehill.Formation\is importanf but also for correla-
~tions over short distances in the basins. One éxample to il-
lustrate this point will be quoted.

In'aAproject; investigating the oil shale @ofential of the
Whitehill shales by Cole (1978), boreholes were sunk in the

area north of the Orange River. 1In some boreholes the Forma-

tion was unexpectedly found to be missing. Explanations given
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 for the absence are uplift énd subsequent erosion'in.oné cése'
and an,erroneous map in the other. 1In the preéént study the
'biqzonationé‘in fhis area revealed the existenée of a hiatus
in some. outcrops (éee profile 5 Fig; 11) where the. top df

the unit is absent and was probably removed by a post White-
‘hill,.Pre-Tiérberg erosion cycle. In somé places the shales
have been completely removedAfhus accéunting for their absence
in.the boreholes, = In piaées the Whitehiil is thus unconfor-
.malbly overlain by the Tierberg shale along the northern'li-
mit of the Formatioﬁ. Such relationships shodid however not
necessaiily be ééen as an indication that the Whitehill Forf
mation lies stratigraphically belcw the northern Ecca as was

.~ implied by Anderson and McLachlan (1979).
RANGE ZONES IN THE WHITEHILL FORMATION
Four range zones can be recognised in the Formation. These

are, going upward, the trace fossil zone, the fish and Meso-

saurus zones and the N, tapscotti range zone. Of the four on=-

i1y the trace fossil zone ( =intercalated silty shale)‘was not
originally universally present in 'the basins (see Fig. 11).:

The different zones will now be discussed in more detail.

(1) Trace fossil range zone

.Thisfzone‘éoincides almost without excgptioﬁ with fhe inter-
calated silty shale unit in the middle of the fqrmatiqn_(Fig.
11). As is explained in the section on trace fossils this
ichnozone is chéracterised by the presence of especially

Scolicia=type trails and Zocphycos feeding trails. Umfolosia-
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sils may be sporadically present in this zone which also

marks the lower borders of the fish and Mesosaurus range zones

(2) The fish range zone

type trails oflthe "Diplichnites" group and other ichnofos-._
'_This zone starts near the middlevof'the Formation'eithér in

the uppér'ﬁnit of the intercalated silty shale member (where
‘developed) or in the middléfoﬁ'the black shaies and goeé up

all the way to the fop of the Formation (Fig. 11). An acme

zene in the lowermost portion.of,the range zone is very con-

spicuous in .the western outcrops between De Bos in. the Tanqua

Karoo and the farm Narosies north-west of Loerlesfonteln. In

some places the very thin aéme.zone can be in the order of only
ten. centlmnters but contalns fair concentrations of flSh
In'Spite of the numerbus impreSa"ons, the fish are hardly
-ever superimposed. This indicates that the individual fish
“occurs on different bedding planes of the paper thin laminae : |
which is the result of a éldw accuhulation of dead indivi—
duéls.frdm'a large pooulatﬁon. It is certalnly not the re-
' sulf of a catastrophic e"ent Wthh would have *eSultea in all
the fish accumulating on the same bedding plane.
Some of the fish are beaﬁtifullyfpreserved but in some cases
the bodies are twisted and show signs of slow &ecomposition;
This mode of preservatioﬁ could be ihdiéafive of shallow. to
vintérmediate water depths if the reasoning of Ziegler (1972)

is followed., No sign of a "scale rain'" indicative of a very

dense fish population (Wilson 1978) was found.
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. (3) The Notocaris tapscotti rande zone

N.tapscotti occurs in vast numbers (Fig. 31) in a very res-

trlcted range zone, about 1 m thick and ending about 1 m from
the top of the Formatlon. In view of the vast numbers of fos-
sils and the extreﬁely restricted range the entire range zone
could be referred to as an acme zone,

The thickness andbdistance from the top'of the Rormation,of '
‘this zone are remarkably constant and remain constant over
the vast outcrop area of the - ba51ns. ~An extremely interesting
and 1mportant aspect of this zone (it is also a feature of the
other zones) is that its thickness and distance from the top

! of the Format*on is dlrectly proportlonate to the total thlckn
ness of the Formatlon itself. 1In those areas where the For-
mation reaches its maximum thickness of + 65 h the range zone
“increases (Fio. 11) from + 1 m to + 2.5 m and lies an equal

-

distance below the top of the Formation.

In some localities north of the Orange River between Hope-
town and Klmberley (e gf in the quarry next to the road from
Witput station tO'Luckhoff on the farm Devondale) this zone
is absent and typioalAgreeh'siltstone;of the-overlyinotiierwrn I

berg Formation directly overlies the Mesosaurus range zone,

 In other outcrops in the same area however the complete suc-
cession is present, e gg on the town commonage of Jacobsdal

and on the farms Kolkop, Hopefield and Roschcommon in the

Herbert district. - o o ¥
In this area the Whitehill Wormatlon seems to be px eserved

as loose patches, ass001ated in outcrop and preserved by the
presence of dolerite sills rn the Formatlon. (It is of in~

terest to note that almost without exception the lowermost
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sills are present in fhis Formation).e The patchy nature of
the Formation can therefore be interpreted as the result‘of
modern denudation (Engelbrecht 1961). The fact thet the top-
most fdssil range zones are absent in some outcrops whilst

present in others nearby where both outcrop-types are over-

lain by'green_Tierberg shales indicates a local post-White—
hlllnpre—Tlerbe rg erosion cycle. This could account for the
total absence,of the Formation or the topmost’sectioﬁs in
some outcrops. This postulated erosion cycle finds support
in the presence of a eoarse grained, white sandstone immedia-
“tely on fop of a thin remnant cf Whitehill shale in a bore-
‘hole in the Welkoh area (J. C'-Loock pers. comm.). F e
: The presence of this zone in the Karasburg and Kalahari Ka-
roo ‘Basins was establlshed by the recovery of specihens ffom_»
the same stratigraphic horizon as 1n the Great Karoo Basin,
A single specimen found on the Gellap Plateau (U s. S 6/4/26)
proves that the zone was also present in this area. The
specimen froh the highest point on the plafeau illustrates

the value of the recognition of the biozones, for from this

single specimen it is ciear that the top of the norﬁafion

l(fhe N. tapscotti zone) ig now almost completely removed by

denudatlon. The presence- of thls zone in the basin was es~
tablished beyond doubt by the discovery of the complete se-
quence on'the_farm Klein Spitskop north-west of Keetmanshoop.

" The absence of this zone and the fact that the Mesosaurus

zone is expesed{at the top of the Gross Daberas-Daberas Ost
Pleteau is most likely also the result of denudation.

. The distribution of the hitherto.unnamed crustacean (Fig.lS)
~ which is aSSOCiated with {he 51ack dolomitie iayers natural-

ly coincides with the p051t10n of these rocks in the 1owcr,
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half of the Formation,

(4) The Mesosaurus range zone

i
|
o |
This zone starts off in.the intercalated silty shale member
of the Formation and. terminates in the lower portion of the

. N.tapscotti range zone, It shows no acme zone. Mesosaurus |

Asometlmes occurs in some concehtratlons while other areas

seem to be almost devoid of_f0351ls. No. explanatlon for thls
phenomenon can be offered. In terms of the range zones it
should be stressed that thé lowef half of the Whitehill Foi—
matlon has to date proved to be unf055111ferous Wlth the excep-
'qtlon of the presence of the unldentlfled crustacean in the black

dolomitic layers,
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BIOSTRATIGRAPHIC CORRELATION BETWEEN THE WHITEHILL AND IRATY

FORMATIONS

Aithough, as farx as could be estaﬁlished frqm the 1iterature,
the biostratigraphy of the Iraty shales has not been studied
in detail on a basin wide scale, some information from single
localities is available, The need for such a basin-wide study

was stressed by Mezzalira (1971).

‘Aradjo (1976) gives a section from an experimental mine in Sao
Mateus do Sul in -the Parand baéin (Fig. 1b) where the ma-
jority of specimens she studied‘Were collected.‘ AratGjo's

(1976 'Fig, 2) is used in Fig, 11 for comparison with an
idealised composite séction of the Formation of the Sazo Paulo
area aftér Mezzélira (1971); The intercalated shale which, accor-
ding to Mezzalira (1971), is developed over large areas in the:
middle of the ﬁﬁrmatidn (Fig. 11) in the state of Sao Paulo

is not present in Araujo'é éection at S3o Mateus which lies
about in the centre of the éutcrop in the stgtes of Parané

énd Santa Catafina (f oﬁ the border between the two states).
The Iraty at this 1oc§1ity,consiéts of twd»iayers'of black
oily shale intercalated with a more caléareous_middle zone

“(Fig. 12).

Acéording to Araﬁjo, Mesosaurus brasiliensis appears about
half way up in the Formation and increases in abundance to
form an acme zone, 30 cm thick about 1 m from the top of the

Formation, Fossil fish were found in the lower half of the

intercalated limestone-rich layer below the first Mesosaurus,

The fish have'unfortunate1y>not i@t been studied, Of all
species, the fish from the two basins might be expected to

show the clésest relationship provided that the two basins
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were indeed linked by a éea'connectién as is postulatéd in
this work. (see Fig. 1C). |

Aratijo (1976)'fin511y points out that the lower half of the.
Formation is unfossiliferous at her study lécality; In the
‘Sao Paulo area however Mezzalira (197i) found the crusfacéan

Clarkecaris brazilicus preserved in dolomite over vast areas

always between 1 and 3 m above the base of the Formation (Fig.
12), This closely parallels the position occupied by the un-

identified crustacean in the black dolomite lenses in the south-

eastern section of the Great Karoo Basin.

In'conclusion it should be stressed'that the Iraty and Waite-
hill Formafioné are not 6n1y similar in their lithology and

" fossil fauna but also shéw an ‘almost ﬁnbelievable similarity

in biozonation as shown in Figs. 11 and 12,
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THE MORPHOLOGY AND TAXONOMY OF MESOSAURUS

INTRODUCTION

Apart from casual references the skull of the southern Afri-

- can M, tenuidens has never been described, All comparisons

 with other work in the following account therefore refer to

genera or species other than M, tenuidensj- chiefly to Meso-

saurus brasiliensis. Although the species of a genus are

" not expected to differ in impbrtant éspects, such as the pre-
sence or absence of bones or fenestrae any such comparisons
must be treated witﬁ caution. However, the aim of any descrip-

tion, of cranial materiél as'poorly preserved as are even the

" best specimens (compare Von Huene's, 1941 Figs 1 - 16 of M.

bra5111en31s with FLgS 40 - 51 in this Work), must be to ar-

rive at the best possible 1nterpreuatlon of the mesosaurid
skull as opposed to a descrlptlon, accurate in all details,

of any one species.

Almost all mesosaurlu fossils occur as mould; in the matrix
with\the bone either partly or,completely leached out; actual
bones where present aré misleading.“ Skulls are crushed flat;
and, Wlth one notable exception (Fig. 76 ), dlsartlculated and
the bones disturbed, often broken and superlmposed Qutllnes
of individual bones are thus difficult to determine and in
reassembly thé correct amount of overlap has‘fo be guessed at.
The cruC1a1 question that needs to be cleared up 1s the pren
sence or absence of temporal fenustra(e), as the systematlc
position of any reptile 1s still fundanentally dependent on’
this charaéter.

Although M, tenuidens was described by Gervais as early as
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1864 no definite conclusion could be reached on its systema-

tic position as the morphology of the skull was not fhen'kndwnd

The first attempt to unravel the cranial anatomy of M.brasilenf
.§i§_waé by Mc Gregor (1908}p. 311) who mentions tﬁe presence
of "bdth.supxa and infra temporal arcades" ih the éelatihe
casts of - the skulls he studied, As:the material avail-
‘able to him was rathef poor,.his‘interprefation was not gené-
rally accepted, The.next attempt was by Wiman 1925 (on the

Stockholm collection of M.brasiliensis) but again:no inter-

pretation of the temporalyregion was possible because of the

pooxly preserved material., The most successful attempt was

that of Von Huene (1941) whose recons tructions of M,brasilien-
: §i§ are.still,vafter 40 Years regarded as difinitive (e.g. Ro-
mer 1956, Ginsburg 1967, Kuhn 1969). He showed. the skull with
a single synépsid-like temporal fenestra. A re-examination of
part of Von Huene's material (housed in Uppsala) led N.J.‘Maé‘
‘teer (pcrs. comm,) to the same éonclusion., In another unpub-
lished study of the Eollection of Brazilian material housed

. at Harvard, no tempéral fenestra was found (N.J. Mateef'pgrs,
comm, ). o |

The most recent_studyvof South American material'(Araﬁjo 1976)
unfortunately does not cover craniai morphology but the author

states that one of the skulls of M,brasiliensis examined shows

the possible presence of a temporal fenestra., The skull of

Braziliosaurus sanpauloensis was however figured by Sikama .-

and Ozaki (1966) as anapsid.

Broom (1904) expressed the hope that a gobd skull would turn

up to settle the systematic position of Mescsaurus beyond

dispute. In contrast, to Osborn (1903) who placed Mesosaurus

in the superorder -Biaptosauria and Boulenger . - and Von
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Huene (1941) who opted for a close relationship with the ple--

siosaurs, Broom turned to the posteranial skeleton for clues.

He noted similarities with Procolophon and Palaeohatte:ia in

the pubis and ischium and in the pectoral axch he saw a modi=-

fication of the Procolophcn type. He concluded that Mesosau-
rus is descended from a terrestrial animal which might‘be
found "among the Microsauria, Cotylosauria or Diaptosauria"

(p. 109)., He finally agreed with the views expressed by Os-

‘born (1903).that'Mesosaurus is descended from a primitive

'"Rhynchdcephalian or Diaptosaurian (p. 109) although not
compléfely.discarding the Cotylosaurialas_potential ancestors.
Carrgll (1969)-and Carroll and Baird {1972) have lately ad-
vocated the idea that Romeriids take a central position in
reptile ancestry. 'As are most reptile groups, the mesosaurs
are a1so derived from Romeriids in’ their scheme of classifi-~
cation. | |

vIn additioﬁ it should be mentioned that although not refuting
the presence of temporal feﬁéstrae, Aratjo (1976} also sees
the Cotylosauria as the ancestral gfoup of mesosaurids. ‘(For'
a complete review of the literature see Aratjo 1976). |
 Themain goal of the present study was to attempt a reinter-

pretation of the skull anatomy, and considerable time was

spent in collecting new material. The fcllowing interpre-
(e ] g i

tation is based on a study of this newly collected material,
- THE SKULL

Broom‘s (1904) remark 1hat the'onlgmatlc relationship and

: phylogenetlc p031t10n of MﬁSoqaurus will onLy be solved if

a good skull turns up, has proved fo be prophetic, Such a
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»skuil hés‘indeed turned up and I am grateful to Mr Koos O
Kennedy of the farm.Blouputs near loeriesfontein who took
considerable trouble in delivering the material to me.

This skull (U.S.S..1/11/13) had been isolated from the posf—
.éranial skeleton before fossilisation with ‘the advanfage that.
no cranial bones are obscured by disarticulated vertebrae as
is almost invariably thé case, In splitting,the slgb of
shale containing the skull, the palate and ékull base wére
exposed in both dorsal and ventral views (Figs 41 ana_42).

'In addition the left lateral wall of the skull had become

detached and had settled some 12 cm‘aWay; It was partly ex-
‘posed and could be developed (Fig, ?6). Unfortunately a par-
" tial break through the middle of the orbit had.dislodgedvthe
ventro-lateral section of the teﬁporal érea containing amongst
other bones.the major parf of the jugal, the quadratojugal andl
the squamosal-(Fig. 40 B). .Thréugh a happy cbiﬁcidence;thWn
.ever, this section was almost’intéct'and héd come to rest a
centimeter or two from the main part of the skullj the mis-
siﬁg.central portion of the jugal had floated some distance
-away before it téévhad settled.‘fThese three éiecés are lo- .
cated on the same bedding plane as the main part éf the:3ku11.
Together‘the thfee detachied portions make up the.oniy'COm— 
pleteband articuiated lateral skull wali presenf in-any-ColQ

lection, certainly as far as southern African material is con-~

cerned (see Figs 76 and 77).
This skull (U.S.S. 1/11/13) conclusively proves that the tem-

- poral area of M.ténuidens, at least, is completely roofed over

and it has also enabled me to interpiet the othervoften‘badly ,
crushed skulls, with much more confidence. The individual ele-

ments of the skull could therefore be determined with more ac-
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curacy than was previously possible.

Temporal and occipital dermal bones

The jugal is a férked element as was indicated by Von Huene
(1941), oﬁe prong forming the 1ower rim of the orbit and the
other the lower half of the posteriorvfim (Figs. 40 and 53).
The 1atfer meets the ventral lower edge of the postorbital

element in the manner of the primitive captorhinomoph Paleo-

fthyris, the advanced anthracosaur Gephyrostegus and the micro-
saurs, semouriamorphs and solenodonsaurids,

Below the jugal a long splint-like extention of the quadra-

tojugal forms an extensive sloping border with a long caudal
extention of the maxillary. The presence of the haxillary

bone in this region is confirmed by the presence of tooth

"sockets" (Fig. 40), The postorbital is a large element that
forms the ﬁppér half of the posterior border of the orbit;

anterodorsally it borders on an elongated postfrontal (see

€,g. Figs 40 and 43 where the postfrontals are exceilently
preserved). The upper edge of the postorbital meets the la-
teral edge of the parietal while the postfrontal borders on
the frontal as well és on the anterélateral corner of the
paiietal. - |

The area of the temporal fenestra in Von Huene's (1941) re-

construction is shown by my material to beloccupied by sec-..

tions of the sguamosal, jugal and supramemboral. The latter

element was nét seen by Von Huene (1941)'iﬁrM;brasiliensis
and the area it occupies coincides more.oiiless with the area
‘which in his dorsai reconstructicn of the skull is indicated
as the squamosal, It should be pointed out that Von Huene's'
reconstructionﬂwhiéﬂ shows the parietals meeiting the squa;
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mosals 1ow’down on the temporal~area'in fact implies.that
steeply sloping parietals must have met in a rather sharp
dorsomedial ridgé (see Figs 17 and 19 éf Von Huene), Nothing
would thus be retained of the flat skull table so characteric

of the early stem reptiles. My material however shows that in

this respect M. tenuidens differs from M.b;asiliensis in that
the skull was not Quife'as aberrant as reconstructed by Von
Huene (1941). The lateral border of the parietal is in fact
a more or less straight line that meets the upper border of
the supratemporal behind the postorbital, the parietals thué
forming the central part of a élightly domea skull table as
shown in Figs 44, 54 and 55.

_ The supratemporals can be observed best in specimens 6/4/23

(Fig. 46) where the right hand element is excellently preser-
ved. This ékull clearly shows.that the‘Supratemporal posses-~
ses a posterolatérél 1appet.that wedges iﬁ bétween the upper‘
posterior border of the squamosal and the tabular (Figs 53,
54 and 55), |

The sguamosaliseéms to have been a very thin and-fragile ele-’
ment for it is usually sqﬁashed-severely in ddrso~ventrally
' flattened skﬁlls, -The area it Qcéupies may therefbre be mis-
taken fof a femporai fenestra. This is illustrated we11 by

" the left hand'sqﬁémosal in specimen U,S.S. 6/4/23 (Fig. 46).
" The pattern of crushing and'indentafion_of the squamosal
“seems to be contrclled by the form of the elements,pfésent
‘belbw it, usually the well ossified quadrate.

In specimen U,S$.S. 1/11/13 (Fig; 40) where the bones had not
<sufferea a dorso-ventral com@ression; a distinét‘grogve'runs
beiween the squamosal ventrally and the supratemporalrand ta-

bular dorsally and posterodorsally, This groove could well
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be a relict. of the obliterated otic notch of the amphibian
- ancestors of the reptiles which is sometimes preserved in

primitive forms e.g. Limnoscelis (see Romer 1946 Fig. 3.

 for comparison on the skull table border). The fact thaf

the breakbthrough tﬁe lateral well of this skull did not fol-
low the line of the "otic notch" indicates that e firm con-
nectlon had been establlshed between the elements 1nvolved

It also agaln accenfuates the fragility of the squamosal and

- the body of the jugal,

As in Limnoscelis the relatively large tabulars of M. tenuvidens
" are almost totally restricted to the occipital face of the
skull (see Figs 40 and 40), These elements also were not seen

by Von Huene (1941) in M,brasiliensis., They are beautifully

preserved in specimen U.S.S. 2/4/6 (Fig. 51). The ‘iabulars
are dorso-medially and dorso-laterally bordered by paired. . post-

parietals and dorso-laterally by the supratemporais, Contxaw

¥y to the condition in Limnoscelis the tabulars therefore do

not meet fhe parietals in a common border (Fig. 55). The ta=
bulars reach far down ventrolaterally almost excluding the squa-
mosals from meeting the occipital bones although the squamosal
does seem to have abutted against the paroccipital ‘process (see

rigs 46 and 55).

Orbital and nasal regions

My *nferpretatlon of the circumorbital elements of M. tonqlu

dens dlffers quite widely from Von Huene's (1941) reconatrac—

tion of M.brasiljensis., In M.tenulcene the jugal and postor~

bital togzther account for the whole of the lower and pos te-

rior orbital rim (Fig. 53). A relatively large postfrontal,

lies dorsally to the eye and excludes the frontal from the
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orbital rim, This corresponds closely to the condition in

e.g. Limnoscelis (Romer 1%46). In Von Huene's reconstruc-

tion the'postfrontal is shoWn as a narrow bqne.behind the

éye and the dorsal orbital rim is formed mainly by the fron-
tal, |
Rather surprisingly the articulated sideWall.of skull U,S.S.
1/11/13 (Fig. 40)\shows thetlacximal to be excluded from the
orbital r'ﬁ, hereas in Von Huene'! 'S reconstructlon it occu-
pies a segment of the rim equal in length to that of the pre-
frontal, However, both sides of the Oosthuizen spe01men (Fig.
44) as well as the right side of'U.S.S. 2/4/6.(Fig.'51) show~
' that the lacrimal must have had the normal reptilian rela~
tions. In many lizards for instance, the jugal meets the-
.'pfefrontalvmédial to the lacrimal and it is quite possible
that in U.S.S., 1/11/13 the posterlor section of the 1acri-

mal had been stripped away with the break throuah the orbit

or during preparation.

The foramen nariale obturétum clearly visible in all the spe-
‘cimens Von Huene (1§41) studied is less clear in my material.
Only a few specimens’(e g;'S A.M, 9327 Fig, 45) 'show traces

of it, The plesence -and margins of the soptomax111ary bone

.are likewise not as clear in my speC1mens as- in, those stu01ed
by Von Huene (1941) ~What can be seen.of both these struc-

tures tend to confirm Von Huene's reconstructlon. Of the re-
lative proportions, size and 1nterrelatlonsh1ps of the n%iéli

magi}lae and premaxillae we have, in addition to Von Huene's

interpretation, a second earlier one by Wiman (1925) the lat-
ter based on the Stockholm material, My obs ervations copflrm
“those of Von Huene., For illusirations of these elements see

Figs 44, 53, 54 and 56, The premaxilla and maxilkla of each




Stellenbosch University https://scholar.sun.ac.za

90

side bear about 48 - 52 tooth '"sockets" with slightly more

than half the total number on the premaxilla,

Dermal bones of the palate

“The 1argest elements in the palate are the ptervgoids each

exhibiting the characteristic well developed, tooth bearing,
transverse flange of early reptiles (e.g. U.S.S. 1/11/13;
Fig. 41, and 1/11/10  Fig. 48). Von Huene (1941) also fea=
tures this flange but without teeth. The quadrate ramus of
the pteryg01d is well developed and. extends posterlorly to
overlap the quadrate medially over an extensive area (Fig.
52). Judgihg froﬁ the height of the posterodorsal part.of,
the qﬁadrate ramus it seems possible that it céﬁld have reach=-
ed up to meet with the squamosal |
The cranio- quadrate paqsago runnlrg medlally to the quadrate
ramus of the ptery901d and laterully to the sidewall of the

braincase is excellently preserved in specimen U,S.S. 1/11/10

(Fig. 48, left side). Fox thevrelations of the pterygbid:with
the epioterygoid and basipterygoid process see p. 92 = 93,

The long 1nterptery901d vaculiy separating the posterlor thlrd
of the vomers as reconstructed by Von Huene is absent in my ma-
terial, Spe01men ¥.s.s. 2/7/1 (Fig. 50), and especially 1/11/.

10 (Fig. 48), clearly show that in M. tenuidens the interptery-

goid vacuity is in fact short and terminates on a ievel with
the posterior ends of the vomers. . Specimen.U.S.S; 2/7/1(?19,;
50), an impression of the dorsal éurface of the palate of a '
very large individual, shows the relations of the premaxilla,

maxilla, ptzrygoid and vomer, In this specimen and also those

shown in Figs 42 and 48 the pterygoids are seen to send extreme-
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1y 1on§ and élender pfongs anteriorly, extending in between
the two almost equally long, tooth 5earing, vomers, all four
élements meeting the premaxillae., The tooth bearing vomer
forms the median border of the,intérnal naris in front of

which it forms a short border with the maxilla and_premaxilla;

Both the tooth bearing palatine and ectopterygoid are small

.élements,vin contact with each other and intercalated between

maxilla and pterygoid, the latter elements meeting behind the

.ectopterygoids as they do in e.g. Limnoscelis (Romer 1946 .

Fig. 3).

A narrow, lateral anterior: extension of the pterygoid separates

the vomer from the palatine, M, tenuidens is exeptional in that

the pterygoid as well as the palatinum enter the border of the

‘internal naris, Von Huene (1941) .shows M,brasiliensis with a

large palatine entering the border of the internal naris and
no. ectopterygoid, N

The relations of fhé ectopterygoids, palatines and hinder és»
pects of fhe pterygoids xesemblevthe,patterh~found in most

primitive reptiles e.g. Limnoscelis (Romer 1946), Paleothyris

‘and Brouffia (Carroll and Baird 1972) and also Protocaptorhi-

nus and Romeria -(Clarke and Carroll 1973). A rather unique

feature of M, tenuidens seems to be the long antexiorly direc-

ted prongs of the pterygoid‘whicg respectively :gach up to the
premaxilla (thus separating the vomers) aﬁd.thevborder of.the
internal naris beﬁweén Qomer and ﬁala%ine. These feafurés can-
tenably be explained as resulting from the extreme elongafion
~of the snout and could easily have been devived fIOm'é short
snouted ancestral Hrm with a palate of the moiph§logica1 type

- found in e.g. Protothyris where the vomers are separated by

the pterygoids for more than half their length., T am of the
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opinion that the palate of the short snouted Braziliosarus

will prove to be of the Protothyris type.

The elements of the palatoquadrafe

A reconstruction of the palatoquadrate and its associated ele-
ments have been attempted in Figure 52,

Thevguadrate is a large, well ossified triangular element,

This xobust bone usually withstands the crushing so frequenty
shqwn by the rest of the skull but is séidom preserved in situ.
In speéimen ﬂ S.S. 1/11/10 (Fig. 42) the undamaged left element
can be observed and the double nature of the lower condyle is
shown in both left and right elements -of U,S.S. / 10/12 (not
figured), | | |

.The posterlov border of the quadra'te is gently concave and

may thus have carrled a tympanic membrane. The ptery901d
yamus of the quadrate is quite extensive and from the gene-
ral size and shape of the bone it is cleaxr fhaflthe ramus

must have reacbed far forward'along‘the quadrate ramus of the
ptery901d up to or almost up to the posterolateral edge’ of |
the epipterygoid. When the quadrate is placed in this po>1—

tion the lower articular condyle faces dOana rds and . sllght~

1y posterdla%erally (Fig. Sé%- Dorsally, contact with the
tabular, the squamosal and the paroccipital process would

have been possible (Figs 52, 53 and 55). The nature of the
connection between the posterior concave edge of the quadrate,
the éQuamosal and quadratojugal is unknown. In side view béth
the latter bohes would seem to prbject back beyond the qﬁa-
drate., The usual quadrate foramen in primitivelreptileé be~

{ween the quadrate and the quadratojugal (Romer 1956) seems
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to be present also in Mesosaurus (Fig. 55).

The eplptery901d an element which has not been observed in
any mesosaurld to date, is excellently preserved in ‘a number
of my%spe01mens._ In U.S.S. 1/11/13 (Fig. 41) the right Gplp-.
terygoid is preserved next to the ﬁight clinoid process and

. in U.S.S. 1/11/10 (Fig. 48) the 1eft eplptery901d Wthh has
been displaced over to the left in a dorsoventral c1ush1ng

of the skull, covers the anteriox part of the subtemporal fos-
sa, Through the orbit of specimen'U.é,S. 2/4/6 (Fig. 51) the

element is visible, preserved in an upright position.

The epipterygoid of M, tenuidens closely resembles that of Cap-

torhinus (Romer 1956 Fig. 36,_Fox.andeowman 1966)‘ An epip~
" terygoid of this shape isvapparently a primitive feature,

The bone has a brcad base from which a slendef ascending pro-
cess pro;ects, curving sllghtly posteromed1ally.>'1n specimen
L/lL/lS (Fig. 41) the ep1pte1y901d is separated from the qua-
drate ramus of the. 1eft pterygo :d and from the nature of iﬂu
exposed surface ‘of contact on the pterygoid it seems 11ke1y
that the epipterygoid was synchondrotically bound to the pte=
rygoid. 1In the abovcmen oned specimen a socket-like hollow
is present on the pterygoid below the plane OL'sebaratlon with

"~ the eplptery901d These two elements seem to have shared the

basal articulation as they do in e.g.: Captorhzﬁus (Romer 1956)

The braincase

The occipital aspect of the braincase (Fig. 55) is dominated

by a large plate-like supraoccipital bone, to be seen in spe-

‘cimens U.S.S. 6/4/2_3 (Fig. 46) and S.A.M, 9327 (Fig. 45), The

exoccipitals are small discrete elements extending upwards
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~along the lateral margin of the fofamen magnum and termina-
ting against the supraoccipital plate. They are preserﬁed

in situ in specimen U.S.S. 1/11/10 (Fig. 48).. As they are

, quite‘narrow their contribution to the formation of the paroc-
cipital pfocess is very limited (Fig. 55). The occipital con-
d&le has a deep central pit and is exclusively formed by the
basioccipital; see e.g. épeciméns U.S5.S., 2/4/6 in Fig. 51
and U,S.S. 1/11/10 (Fig. 48) where this structure is préser-
ved in situ. Lateral to the'cqndyle, suturesvof the basioc-
cipital.with the exoccipitals are sometimes discernible (Fig.
45), The paroccipital process (opisthotic bones) are»piafe—'

like extensions of the occipital area rather than the perhaps

more ugual rod-like processes., Because of the invariabl ly se-
Qerely crushed state of pieservation of the occipital area
none of the f01am1na in this reglon could be located, |
On the undersurface of the braincase the dermal sheath of the

parasphenoid exterids into an extremely elongated and slender

cultriform process antefiorly (see Figs 49 aﬁd’52). In the
absence of a long interpterygoid vacuity the anteriormést_tibb
of this process occupies a position dorsal tb the point where
the pterygoid bones diverge from each other (Fié. 56)."Pos-
feriorly the bédy of the pafasphenoid extends onio the basis-
Ehenoiq. I ah of the opinion that the break in the floor of
the braincase in U.S.S. 1/11/13 (Fig. 41) could.be an indica-
tlon of the position of the posterior margln of the parasphp-i

noid. Of the basal tuoera reported present by Von Hueno (1941)

very little could be detected in my material and their exis-

btence cannot be conflrmec in M, tenuldena. The paracphen01d

has a prominent keel on its arteroventral surface anterior 10
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the basipterygoid processes, The latter structures (illu=-

strated in Flg. 42) are postero- laterally directed. This

differs from the reconstructlon of M, braslllpnsns by Von

Huene (1941) which shows the structures to be antero-late-
:ally directed. The parasphenold seems to conirlbute at
least the ventral parts of the baslptery001d processes.
The rather extra—ord*ndry orientation of the ba31ptervg01d

processes is reminiscent of the laterally projecting struc-

~ tures in Limnoscelis but differs from the typically antero-
laterally projecting structures of the Romeriid captorino-

moxphs e.g. Paleothyris, Cephalerpeton (Carroll and Baird:

1972) Protothyris.vRomeria and Protocaptorinus (Clark and
Caroll 1973). |

The dorsal suffape of the basispﬁenoid and parasphenoid
region can be seen in three specimens, U.S.S. 1/11/13 (Fig.
41), 2/4/8 (Fig. 47) and 6/4/3 (Fig. 49). The sella turcica
(pitﬁitary.fossa) forms a deep and prohinenﬁ oepression in

front of the relatlvely hlgh dorsum sellae. -The entrance of

the carotid arteries seems to have been uhrough a 81ng1e fora=

men in the floor of the‘depre351on {Fig. 52)., The lateral
walls of the sella turcica are absent or unossified and the

'antero-laferal edges of the dorsum sellae extend upward on

either side to form pronounced wings. These clinoid proces=

ses (ossification of the pilae antoticae) seem to be more
extensive inllarge than in smalil skulls. They are e;g; well
developed in U.S.S. 1/11/13 (Figs 41 and 52) a large skull
while‘almost absent in U.S,S. 2/4/8 (Fig. 47) and 6/4/3 (Fig.
49) which are both small skulls, a | |

In spite of the extensive de velopnent of the doxrsum sellae

no trace of foramina for the passage of the abducent nerve
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could be detected., The basioccipitalvbone forms the central

“hindermost part of the bralncaee floor. - This element is an-

terolaterally flanked by ‘the oplsthothlc elements ~which 11e

behind the stumps of the usually broken exoccipital elements

above the occipital condyle. Anteriorly ‘the basioccipital
seems to border on the basisphenoid and

'paraspheneid on the level of the junction of the opisthotic
and proﬁtie elements (Fig. 42 and 41, U.s.s. 1/11/13).
Neither pleurc- or erbitosphenoid ossifieations were found,

~ Such bones, if present, would be isolated elementsband would

probably not be recognised as such.

Of the elements‘which surround the inner ear cavity only some

detail could be observed. In specimens 6/4/3 (Fig. 49) and
- L/lL/lS (Fig, 41) dorsal views of the otic capsules are ex-
posed while U.5.5. 1/11/10 (Fig. 48) and in 1/11/13 (Fig.42)
vventral aspects are preserved. In specimens U.S.S. 1/11/13

(Fig. 41) and 2/4/8 (Fig. 47) the otic capsule shows an un-

ossified gap.fhat leads from the inner ear area mediad into

the braincase. In this respect Mesoszurus conforms with

other primitive reptiles in which the sidewall of the cra-
‘nial cavity between the braincase and the inner ear cavity
is unoséified (Remer'1956). Inespeéimen U.S_‘,S‘_° 4/4/8 (Fig.:
47) a large gap that could possibly be a fenestra ovalis 131
present on the posterior aspect of the otlc capsule, and the
stapes is preserved with its wide footplate in p031t10n near
this fenestra. As the fenesira ovalis lies in the éﬁturee

between the prodtic and opisthotic the latter element of the

right hand side of specimen 2/4/8 (Fig. 47) is probably co-

vered by the neural arch of the aftlas. The ar¢as posterola-’

teral to the dorsum sellae probably are the preﬁtic elements,
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The distal point of the stapes (Fig.'47) curves slightly an-
teriad copfirming the shape and general pbsition bf the ele-

ment as described in M.brasiliensis by Von Huene (1241)., A-

stapedial foramen is absent but a small process, which could
be the dorsal process for the attachment of the stapes to the

paroccipital process, was noticed in two specimens, U.S.S.

1/11/10 (Fig. 48) and 2/4/8 (Fig. 47)
'LOWER JAW (MANDIBLE)
General

Like the snout the mandible in Mesosaurus is a very much e-

longated and slender structure equal in length to‘the skull,
The articulation of theAmandibie with tﬁevquadrate is siight-'
1y ﬁosteriorvtb‘the craniai condyle, In only one Jaw ramus
in my material does the adductor fossa show, It is presentf
as a much. elongated groove in the prearticular bone‘onvthé

inside of the righthand ramus in specimen U.S.S. 1/11/13 (Fig.

42). The féssa reaches antériorly almost up to the spiehial.
A coronoid process is absent, The lower jawﬁsymphysis.is bea-
tifully breserved in S.A‘M,‘specimen K 4620 (not Figured):and
it is clear fhat the splenial enters the symphysis‘along‘with
the déntary as was pbinted»out by Von ﬁuene°(1941). In this "
specimen the éymphysis stretches over 18 mm of the total jaw
1epgth'of 65 mm, The participation of the.splienials in.fhe>
symphysis is common.ambng 1ong»jawed_§nd-primitivé formé (Ro~
mex 1956). | '

3

As ‘has been noticed in M.brasiliensis by Ven Huene {1941) the

rami in the lower jaw of the southern African material fre-



Stellenbosch University https://scholar.sun.ac.za

98-

quently‘séparate along the symphysis which probably indicate
that the symphysis was syndesmotic. A slightly medially di-
rected retroarticular process formed by an extention of the
articular boné is preserved on both rami of the lower'jéw in
S.A,M, specimen K 4630 (not figuredj, The lower jaw elementé'i
seem td.have been only loosely bound as disarticﬁlated lower
jaw.elements are frequently encountered (e.g},in speciﬁens

' U.S.S. 2/4/12 and 6/4/11).

Individual elements of the mandible
Articulax

This element occupies mbst of the'éeﬁtra11portion of the poste-‘
rior ends of the rami of the lower jéw (Fig;'53); The gle-

noid fossa of the lower jaw articulation occupies the trans-
versely widened upper surface of the bone. The fossa is di-
Qided into a posterohedian and an anterolateral depression

by a low longitudinal ridge (éee e.d. U;S.S. 2/4/1 Fig, 43).

The two depressions are fér.the accommodation of the double
Aéohdyle on the quadrate hone, |

_ The dermal elements do not seem to contribute substantially to

the small retroarticular proééss with the éxception of the
angular (Fig. 53). The articular bone is laterally bordered
by the surangular and angulaxr. The angular extends ventrally

to cover the articular bone (see Fig. 55).

Suranqularxr

The surangular is relatively small and occupies the upper pos-
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terior part of the outer surface of the jaw, It occupies the
area between the angular ventrally and the dentary and coro-
noid dorsally and wraps around the anterolateral ﬁargin of
»the“articular.

A

Ancgular

This is a large element forming the lower lateral and the
ventral surface of the posterior half cf the mandible. Its

~anterior tip is wedged between the splenial and dentary bones
(see Fig. 53 and specimen U.S.S. 2/4/6 Fig. 51). Here the
angular covers an extension of the splenial which juts in be-

tween the angular and the surangular ventrally.
Coronoid (Complementary of Von Huene'1941)

A single small coronoid bone extends backwards from between
the dentary above and the surangular below on the outer sﬁr-
face of the mandible (see e.g. specimen U.,S.S. 2/4/6 Fig. 51

and 53), The coronoid seems not to have borne - teeth.

Prearticular

This medial element is visible on both sides of U.S.S. 1/11/13
(Fig. 42) where the long and deepvadductof fossa can also be |
observed. The lateral wall and floor df thé'fossa'isvforﬁed
by the coronoid and surangular elements. The dersal edge_of

the prearticular is capped by the coronoid and a long ventral

border is formed with the angular. From the size and general
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position of the lower jaw elements it is likely that the pre-

articular anteriorly borders on the dentary and the splenial

for a short distance (see Fig. 55).
Déntarz

As is generally the case in reptiles (Romer 1956) the dentaxy

in Mesosaurus is the 13rgest and most prominent of all the
eleﬁents of the 16wer jaw. The 48+ tooth sockets in the den-.
tary are most frequently recognisable. The bone extends pos-
teriorly for a considerable distance terminating about half
way along the coronoid. The posterior margin of the bene be-
low the orbit is usually indicated by the presence of very
small teeth,"This element occupies most of the outér ante-
rior éurface of ‘the mandibie and it is bordered belowrby the

' splenial, Posteriorly it borders on to the angular, prearti-

cular, coroncid and surangular when followed from the median
side up over the dorsal edge of the ramus and down the labial
side, The anteriormost portion of the symphysis is formed by

a median extension of the anterior tips of these elements (Fig.

55).
Splenial

The splenials partake in the formation of the major portion
ofthe lower jaw symphysis and éxtehd posteriorly ending in
~ two prongs (Von Huene 1641}, The material in my collection
shows that in the southern African form this element is a

simple splint-like bone which covers the dentary medioven-
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trally posferior to the symphysis. It meets the prearticular

and angular postérioriy. As in Von Huene's material the sple-

nial in M, tenuidens is Visible in lateral views of the lower
jaw (Fig. 53). Along its ventral margin between the point

where it loses contact with the dentary until it meets the

prearticular it makes contact with the angular,
THE TEETH

The teeth are extremely long, slightly recurVed, conical and

slightly oval in cross section., Siriations which extend along

the length of the teeth were found in cross section to be in-
’

foldings of the surface enamel layer. Equivalent structures

have been noticed in M,brasiliensis (Aratijo 1976). These in-
foldings resemble the primafy labyrinthodontine infoldings re-

tained in the early reptile Limnoscélis (Romer 1956) and again

illustrates the mosaic evolution Mesosaurus has undergone.
In spite of having extensively specialised in the lengthe-

ning of the jaws and teeth the primitive labyrinthodont con-

dition was partly retained..

Both upper and lower jaws haﬁe about 48 - 52 very regularly
spaced and equally sized tooth "sockets" (ﬁig. 50). At the
back of the jaw they ére somewhat smallexr and closer togethér 
(Fig. 40). The Ysockets'" have the appearance of being at best
subthecodont or even pleurodont, no sign of even a4low lingual
wall for the tooth groove being present, - One or two teeth
were found that show the manner‘of attachméht in-the "sockets"
(see e.g. Fig. 50, U.S.S. 2f7/1,_righthand tdoth) and it is

not certain that the teeth were actually implanted in definite

sockets as Von Huene (1941) has claimed for M,brasiliensis.
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The teeth themselves are impossible to count; .theQ are'¢leaf-v
1yvvery easily lost and, when préserved;iﬁ any numbéré, uppér
and lower teeth are inextricably mixed., The teeth vary in |
length and my material appears tQVCOnfirm_Von Huene's‘(1941)
regular grouping into long teeth interspersed with two or |
threé‘smaller dnes;> I have tentatively.reconétructed them

- invthis fashion iﬁ figure 53 in which the teeth CO;respond

i in number to the number of sockets. Whether the smaller teeth:
ére replacément teeth is not clear at this stage.

The palatai teeth appear to be short and straight and occur
in small clumps. The teeth are implanted in shallQW'circular
grooves ("socketsﬁ); The marginal teeth unddubtediylintern

digitated and probably’prevented the occlusion of the jaws,'
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THE POST CRANIAL SKELETON

THE AXIAL SKELETON

One of the features discriminating between the three genera
of the Mesosauridae from South America is the difference in

presacral vertebral count. For Stereosternum and Brazilio-

_saurus it is stated as 34, with the latter genus having 15

cervicals_and 19 dorsals while Stereosternum has 12 cervicals
and 22 dorsals (Aratijo 1976). This confirms the count for

Stereosternum given by Osborn (1903) but differs from that

given by Cope (1886) who mentions 11 cervicals and 23 dor-
“sals,’ Sikéma and Osaki (;966) also found 15 cervicals and

19 dorsals in Bra21130saurus"

Confllctlng counts ‘have been given'for Mesosaurus bfﬁsfiiepsii
In the original description, McGregor mentioﬁs 11 cervicals
ahdv18 dorsals for a total of 29 presacrals bﬁt Von Huene
(1941).in a study of material from Parand in éfazil,'counted
34 presaérals; This count, according to the study of Aradijo

(1976) could either be that of Stereosternum or Braziliosau-

‘rus. As the cervical count is given as 12 by Von Huene (1941)

Braziljosaurus is excluded and accordlng to ALduJO (1976)Qte-

rzosternum does not occur in the state of Parand, The South

African Museum in 1926 obtained a specimen of M.brasiliensis

from Von Huene in exchange for southern African material.
This specihen {S.A.M, 7377) has 29 presacrals, " Aratjo (1976)

accepts 29 presacrals (12 cervicals and 17 dorsals) as the

correct count for M.brasiliensis.

Pr¢or to this study the corract presacral count for M 1enu1—,
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dens was not known., Gervais (1864, 1865) counted 9 cervicais

in the Paris type of M,tenuidens. From a cast of the type

spec1men it was possible to éstéblish thaf Gervais erred in
his count. His mlstaye apparentl; rpsulted from the fact
.that he bssed his count on the shape of the cervical ver te-
brae. Because the last three cervicsls resemble the dorsal
vertebrae in ventral view, Gervais dit not inslude them in

his count.

‘Seeley'(1892).noticed fhis change in shape of the last cer-
vicals in his descrlpulon of the so called Cape Town specimen
(S.A.M. 709). Having falled to count the atlas, Seeley er-
roneously refers.to_the change as being "beyond the eigth cen-
trum" (p. 539). For the same reason he gives the cervical
vertebral count as 11 instead of 12, Seeley's mistake coul
be established from the fact that he refers ts the articular

facets on the centra visible between the twenty second and

twenty third veltebrae. As. the facets are visible'in‘onlv
one spot in the speC1men it could be establlsned that his
count of 22 vertebrae up to this p01nt does not include tne

atias. The abovementioned counts of Gexvais (1964 1865) and

Seeley (189?) are the only ones on M.fenuidens to date.

The study of new materlal has establlshed the presacral ver-
tebral count at 29 with 12 cerV1ca1s and 17 dorsals which |

~equals the count for M.brasiliensi

The two sacral vertebrae reported present by Broom {1904) was

confirmed by my observations and at least 60 caudals were

counted,
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THE MORPHOLOGY OF THE VERTEBRAE,

The Atlas - Axis compiex

The atlas-axis complex is incompletely known in Mesosaurus

(Romer 1956). In.my collection the complex, or parts there-
of is preserved iﬁ a number of specimens including the type
-specimene In all specimens, however,'lt is preserved in dif-
ferent stages of dlslocatlon (see e.d. apec1mcns U.S5.S. 2/4/6
Fig. 51 and 1/11/13 Fig. 42) '

The centrum and 1ntercen11um of the atlas are fus ed into a
single'unit (see U.S.S. 2/4/6 and 1/11/13 Figs 51 and. 42, and
S.AM, 1327 énd 769, Fig, 57) but a definite line of fusion
between the two elements is‘stili discernible.  In specimens
2/4/6 (Fig. 51) and 1/11/13 (Fig. 42), the atlantal neural
arches are Well preserved, Tﬁe two archés were apparently

only weakly attached to each other and to the.centrum. In

none of my material could I detect a pre-étlas which nust
.presumabTy have been présent;‘ The atlantal intercentrum is
.expanded transversely anteriorly and although the materlal
studied shows no anterior view of this elemeai it 1s’san

to assume that it was procoelous for it had to artlculate with
the convex occipitél condyle. Both centrum and intercenfrum

~are open dorsally and form only a half ring;

“The cervical vertebrae.

In dorsal view the cervical and dorsal veriebrae are super—

ficialily almost 1nd19t1ngu;snab;e but in vemiral view the se-
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cond to the.ninth cervicals are very similar in-fofm and dif-~
fer from the rest of the cervicals and dorsals.. From the‘
tenth cervical onwards the transverse processes (neurapohyseé)
that cérfy the aiticulation facets for the cervical ribs en-
large considerably (Fig., 57) resulting in the change in shape.
This causes the width of'fhe last two vertebr;e to exceed fhe
length; and the‘articular facets for the cervical ribs iﬁ_this
région become.exceptionaily large. |

The cervical vertebrae are frequently seen in dorsal or ven-
tral view (see Fig. 57) -and only one specimen U.S.S. 6/4/11
(not figured) Shdws a ventrolateral view of these eliements,
Specimen U.S.S. 6/4/9 (Fig. 58) shows a.cervical.vértebra in
posterior_view. In this particular specimen the articular
fécets on the transverse processes seem 1o be less weil roun-
.ded-than in e{g{ S.A.M. 709 (Fig. 57). Both fhese specimens
show fhe dorsal process to be iow. | | |
The'prezygapophySes lean forwaxd with the articular facets
horizontally inclined and the postzygapophyseé>fi%'over these -
facets, This creates the illusion that the postzygapophyses
also lean out backwards. If the centra of the sudcessive
vextebrae .are howeverxr considered ‘the postzygapophyse§ c1ear—}
ly do not reach beyond thevmargin'of the centrun. . v

In dérsal view the third %o the eighth cerviéals show‘a‘pro-
-minent laferal'ridge ruﬁning from the pie- to-the posfzygapo;
physes. (see Fig. 57 S.A.M°v1327).> These ridges,éré not pre-
seﬁt on the atlas or axis.ana from the ninfh cervical onwards
the riages become less prominent éﬁd the area between the pre-
and postzygapophyses depressed. A change i? shape of thé ver-

tebrae is caused by an extension of the posfzygapcphyses while




Stellenbosch University https://scholar.sun.ac.za

107

the preeygapophyses is retracted. The‘prezygapephyses-is re-
tracted to such an extent that the articular facets are now
moved posteriorly onto the anterodorsai surfaces of the trans-
verse processes which are accordingly expanded. (This ex-

" plains the enlarged processes visible in ventral view),

The dorsal vertiebrae

- These veriebrae are square in dorsal view because the prezyga~
pophyses are now retracted altogetber and lie on the ‘level of
the neural canal (see Figs 60, 59 and 61). The rldges be tween
» the pre— and postzygepophyses are not as conspicuous in the
dorsal vertebrae as they are in the first‘few cervicals be-
cause the '"swollen'" arches of the dorsals obliterete the trans-
vefsely conceve areas between these ridges and the dorsal s.g:o_in'e°
In the last three dorsals tﬁe ribs are fused to the centra (see
Fig. 63, U,S$.S. 2/7/3) and become shorter posteriorly.

In ventral view the posterior articular surfaees of the centra
can be seen to extend out posteriorly (S.AbM..709, Fig. 62 and
also Fig. 59) beyond the level of the artieular facets on the

| pre7ypapopnvses. The broad fransverse procesé fhat iies an-
'terolateral on the centrum extcnd ]aterally in a smooth curve

from the posteriorly projecting surface of the ceﬁtrum.

The sacral vertebrae

The two sacral vertebrae can readily be distinguished by the
broad, blunt ending, ribs ankylosed to the centra. The an-

"terior rib-is the widest and between the anterior and pos=-



Stellenbosch University https://scholar.sun.ac.za

108

texrior ribs a recess is present on the 1aferalrti§s for the
accommodation of the ilium. These elements are well preser-
ved in dorsal view in specimen U.S.S, 1/7/3 (Fig. 64). This

specimen shows that the two vertebrae are not fused.

The caudal vertebrae

At 1éast 60 caudals are presentlémongst which three differeﬁt
types can be distinguished. These types are, the first few
that carry ribs, those of the middle section with haemal arches
but without ribs and the distal series without haemal arches
or ribs.

Von Huene (1941) reports ribs on the first 12 caudals of_M.

brasiliensis but Araijo (1976) is of the opinion that 6n1y

the first nine to ten vertebrae carry ribs. 1In Stereosternum,

Osborn (1903) found ribs on the first eleven caudals, From

the material in my collection it is clear that M. tenuidens,
éarries ribé on the first eleven caudal vertebrae.only. These
ribs are apparently not fully ankylosed to the centra for the

' ribs.sometimes tend to separate from the vertebrae during'fos—
-silisation. This feature is illustrated well by specimens U.S.S,
3/1/5, 1/8/10 and 6/4/5 (Fig. 65).

In M.brasiliensis the rib on the second caudal ver tebra..is the

longest and all the. ribs point backwards {Von Huene 1941), In -

M. tenuidens the rib on the second caudal is also the longest

but from the sixth caudal onwards the ribs point forwards, The

first three of the last seven rib-bearing caudals carry'short
plump ribs while the last four ribs are reduced to mere late-

rally pointing projections, ‘The long ribs on the first five
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vertebrae are relatively more slender and longer than those

on the last six vertebrae,
Araﬁjo_(1976)'n0tes the presence of haemal arches on almost

all the caudals of M,brasiliensis. The fact that in‘M;tenui-

dens only the ribless caudals, i,e, those from the 12th on-
wards, carry haemal arches must thus be purely cqincidental.
The brezking points noticed by Broom (1904) in the caudals of

the Niewoudtville specimen of M. tenuidens are the sutural lines

'betWeen centra and intercentra present in all the caudals from
the 12th onwards (Fig. 66). In specimen U.S.S. 2/5/3,-47 of
these, chevron bearing, caudals showing intercentra could be
.counted; | o
" The haemal arches articulate with the intercentra in tﬁé
usual way. Osborn (1903) reports tﬁe presence of a cross-
connection between the proximalnprongs of the haemal arches

in‘M.brasiliensié but Von Hﬁene did not find this to be the

case in his material., Thée haemal arches of M. tenuidens do

not show cross-connections either {see Figs 66 and 67).
The caudal vertebrae dlmlHISh in size distally and 11 seens
that chevrons were present up to the fifth last vertebra.

: Dorsal processes are well developed in the prox1ma1 caudals
and resemble those of thevdofsals érom the seventh caudal
onwaids the processes tend to become'mere~slender,1a1most rod-
1ike in side view (Fig. 66\.and develop a posteriorly direcfed
'slant, In the last + 26 caudals +he sldﬂt in the dorsal pro-

cesses become much more pronounccd The small poster¢ormoet

vertebrae are Wlthout haemal arches (Flg. 68)
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RIBS AND GASTRALIA

k.

The dorsal ribs bear‘a capitulum as well as a tuberculum with a
long articuiation facet situated between the two stfuctures (Fig.

61)., The distinct pachydstéeisvbf the ribs probably developed to

alleviate the nafural_positiﬁe boyaney present in all lung-breath-
iﬁgeanimals and aided in diving. The heavy_ribs therefore served

the purpese of ' the "weight belt" of modern S.C.U.B.A, divers..

In M, tenuidens numerous rows of gastralia form an almost complete-

1y closed ventral field, Specimen U.S.S. 1/11/6 shows each trans-
verse row to consist of a'single.sfraight median elemenf and a
pair of 1aferai elements. All elemeﬁts:are fusiform with the dis-
tal ends of the laferalkelements distinctly bifufcated. The V- |
shaped or paired median elements mentioned by Romer(1956) are

not shown by ny maTeriale - Some isolated gastralia however'are
almost]fiiife;m in.shape._ Seeley's. (1892) description of -the
gastfalia therefore seems to be eesentially correct, Broom (1904)
proposes the possible presence of two or even three rows of laie-
ral eleﬁents on each side of the median element., He also points
out‘the apparent difference in thickness between the gastralia of
the Niewqudt?ille epecimen (U.S. Geology D 172)vand that of Sece-

-ley's (1892) M.pleurogaster.

That such elements could indeed ekist is illustrated by the pre-
sence of at least four relatively elender eieﬁents in a trans-
verse row in specimen U.,5.S. 1/11/15 (not figured).' Whether this
anomaly is an illusion caused by differences in preservaiion or
whether it is a real difference with takoﬁomic implications is

not clear at this stage,

"THE GIRDLES: Pectoral girdle

“.'Araﬁ5° (1976)a although her material made a clear interpreta-’

tion of the shoulder girdle impossible regards the interpre-
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tation of McGregor (1908) and Von Huene (1941) on the girdle

of M.brasiliensis as more correct than that of Seeley'(1892)

and Broom (1904) on M tenuldens. It should be p01nted out,

however, that whereas McGregor (1908) and Von Huene (1941)

-studied oouth American material (M brasiliensis), Seeley (1892)

and Broom (1904) based their interpretations almost exc1u31ve~
ly on a 51ngle specimen, the so called Cape Town specimen

(S.A.M, 709) of M.tenuidens.

The difference in interpretation of the girdles in the two
forms centres around the recognision of a double coracoid ele-~

ment in M.tenuidens while (as in Stereosternum) a single ele-

ment only is said to be present in M,brasiliensis.

In his_reconstruetion, Seeley (1892) refers to the precora-
coid as "the part of the bone Which.extends inwards from the
scapula towards the clavicie"’(p. 593)7implying that the rest
of the posterior and posteromedian parts‘of the plate fdrm a
coracoid, 1In evreminterpretation'of the same specimen Broom
(1904) interprets the posteromedian element (rhe coracoid cf

. Seeley) as the precoracoid and the rest of- the plate as the

corac01d Both . these authors however'acknowledgefthat the .ele-

ments are so badly crushed in- thls speclmeﬂ that it renders
the recognision of sutures 1m60531b1e. In the region where

the posteromedian element of M. ienu:dens attaches to the ann

terolateral scapula~-coracoid plate, both McGregor (1908) and
Von Huene (1941) noticed a "boss'" on theruter surface of the
'coracoid plate immediately above the glenoid fossa.

Amongst the new material collected, isolated portions of the

pectoral girdle show the relationship between the scapula,

precoracoid and coracoid elements (U.S.S. 5/4/2 and 5/4/24
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(Fig. 78). = These specimens give unambigous proof for

the presence of two ossifications in the coracoid plate in

M. tenuidens and show that the posteromedian element identified
by Broom (1904) as the_pxeCOracoid is in fact-the coracoid as
Secley (1892) said. The more anteriorly placed portion Wae
correctly identified‘by Seeley (1892) as the precoracoid{ The
sutures between the‘scapuia, eoracoid and precoracoid are
clearly visible in specimeﬁ U.S.S. 6/4/7. All three these
elements take bart'in'the'formafioﬁ of ‘the

glenoid fossa, with the scapula and precoracoid bordering on
the coracoid for more or less equal distances immediately pos-=
terolateral to the COrecoid foramen;_ The eonfiguration of the
-‘three'elements‘is~reconstructed in Figs 69 and 70 in lateral
and ventral views respectively; |

The shape of the three-pronged scapula - coracoid -~ precora=-.

coid is such that, whether it separates as a unit from a ca-

daver or remains in situ, it will always settle with at least

one of the elements raised off the substrate and not in a flat

plane. Any force or pressure exerted on such a structure will"

tend to snap it at the weakest point in the unit. The weak

- line éeems'to ﬁave been the nerrow neck connectiné.the‘expanw
‘vded median plafe of the coracoid Withvits glenoid portion.
'_This is illustrated by a number of specimens e;é; U.S.S. 5/4/2
and 6/2/24, In all these the median ek@anded‘poftion'of the
‘coracoid, displayed by the Cape Town specimeﬁ (s.A.M, 709) is
miseing‘bﬁt.the distal pertion-in-ccntact with the scapula |
and coracoid is still in place showing the sutures between

the three elements (U.S.S.. 5/4/2 shows this condition bila-
terelly.Figo 78). | o |

It is evident from-the specimens in my collection that the
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elements become better ossified and fused together in larger
(older?) specimens while in small (young?) individuals the
elements are usually separately preserved and in the smallest

specimens the elements were not fully ossified and appear as

disk-like structures. In large individuals even isolated
girdle units are preserved intact but for the loss of part
~of the coracoid,

The two M. tenuidens specimens in which the peétoral girdles

‘have been'deSCribed previously show different views of the .
elements. The Paris type of Gervais (1864) exhibits the ele-
ments in oufer view, The precoracoids and scapula had been 
displacedbventromedially, the righthand precoracoid being paxr-
__fially hidden by the'stem of the intérclavicle and‘the'left
coracoid element, These elements in turn obscure the median
coracoid plates{ The external "boss'" below the glenoid>ca—
vity opposite the poin% of attachment with. the precoracoid is
_visible. |

In the Cape Town specimen (S,A.M. 709) of Seeley (1892) and

Broom.(1904) the precoracoid plates had been forced open an-
teriorly, flattening the precoracoids in ventral view by dis-
placing them backwards, This hadvcaused a rotatibn of the pre-
boraéoids fhrough'about 900, twisting the narrow neck of the»
coracoid and drawing the scapula‘into an anterolaferal positién;
This specimen theréfore shows the coracoids in ventral view and
the precoracoids and scapulae in inner view.

Judbipg from the literature there would appear to be a ﬁéjor

difference in the morphology of the enchondral divisions of

the pectoral girdles of the two species of Mesosaurus. This,
" like the apparent differences in the skull, could mean that a

change in the classification is necessary. However, the stri-

-
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king similarity between these forms in general’renders it

more 1iké1y that a study of better material of M.brasiliensis

and a direct comparison of material from the two continents -

" will reveal the presence of these features also in M.brasilien- .

S1S,

Judging from the interclayicle of M.brasiliensis as figu?ed by
McGregor (1908 plate 11, Fig. 3) and the elements of.M;igggi—
dens in my collection'(e.g; U.S.S. 1/5/1) the elements in the
“two species are identicai. The anterior piate of thé‘long’ .

stemmed interclavicle, in ventral view (U.S.S. 1/5/11) clear-

ly shows the broad  areas of overlap where the expanded ventral
pox tions of the clavicle overlapped onto the interclavicle (see

‘Fig. 70). As in M.brasiliensis one of my specimens shows the

tip of the stem to be smoothly rounded. Specimen (U.S.S. 6/5/1)
on which the reconstrucfién in Fig: 70 is baéed, however, shows
the stem to be clearly bifurcated. o

- With thé interclavicles of specimen U.S.S.bl/S/ll,'é ciavicle,

was also preserved‘which shows these elements to be about half

as 1ong’as the intérclaﬁicles;; The clavicle has a medioventy-
. al,quon»téhaped expansion that lies on'ﬁhe anterolateralvven-
- tral surface ofvthe interclavicle, Between the areas of con-
vtact for the clavicles the interclavicles shows distinct sur-
face sculpturing, typically found ih émphibiahs and very pﬁi-

- mitive reptiles.

The‘pelvic girdle

This girdle in-M;teﬁuidens was previously known only from:the

description of the Niewoudtville specimen (U.S. Geology D 172)
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by Broom (1904). From fhis'specimen the plate-like sfructure
of the pubis and iséhium is evident but the structure of the
ilium was unknown prior to this'study{- The presence ofva
notch rather than a foramen in the lateral margin of the.puJ
bis as reportéd by Broom (1904) is confirmed by the newiy' |
collected material (e.g. U,S.S. 2/4/4). ‘The notch in the

pubis was also reported by Gurich (1889) in the young speci-

men of M, tenuidens he called Ditrschosaurus capensis. In the

reconstruction of the elements by McGregor- (1908) in M,brasi-
liensis the notch in the pubis is shown to be bordered by the
ilium, I am however of the opinion that the notch in the pu-

bis of M.tenuidens was bordered not by the ilium but by the

_ischium,
The ilium is preserved in 1afera1 view in specimens U,S.S,

. _ )
1/8/10 and 1/4/7. These specimens show a shallow acetabular
depression formed-almosf exclusively by'the blade-1like ilium,
Above the depreséion a‘prominent suprawacetabular'buttress'is
- dévelbpéd. The posterior extensionAof tﬁé,iiidé blade of iare
ge specimens ié absent from,and_seems not to have been ossified,
in smail (young) individualé. In geﬁeral'the_ilium is stri-
" kingly similar to that of mos%t cotylosaurs. |

4As the ischia in my collection confirm the interpretation of

Broom (1904) on the general form of this element the descrip-

’

tion will not be repeated here. The three elements are shown

reassembled in Fig. 71 in lateral view,
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THE APPENDAGES:

- As the propodial and epipodialielemenfs of both hind and front
limbs have been adequately déscribed_b& various authors (e.g.
Seeley 1892, Broom 1904, McGregor 1908, Von Huene 1941 and Si-
kama  1970) a full description will not be given here. Only
new and relevaﬁt information will be covered, As confusion
exists about the mesopodials, manus and pes, more attention

- will be given to these elemehts;,
ANTERIOR LIMB

The Humerus

The proxiimal and distal ends of the bone iie in different pla-
nes almost at right angles'to each othervas is usual_in primi-
tiﬁe forms. The shaft of the bone is, however, in contrast

to really primitive forms, well'developed, 2 trend seen also

in small cotylosaurs kRomer 1956).

The entepicondylar foramen for the paséage'of fhe median nerva.
(Willisfon 1925) is'well.developed and separates the entepi- \
‘condyle from the'capitellum (Fig. 72); Seeley'(1892),desbribes
two hollow areaéAon the distal end of the bone in S.A.M;vspe;'
cimen 709 whiqh apparentlyAcorrespohds with the capitulér and -
- trochlear areas; The.ectepicondylar foramen of other forms is

I4

in MeSOwaurus reprecented by a groove on the dorsal ‘surface

of the distal end of the bone and in thls reSpect resembles‘

the humerus in young plesiosaurs (willisfon 1925), This groo-

- ve separates the ectepicondyle from the supinator process which

is placed far distally in Mesosaurus (Romexr 1956, The bone
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'is nearly straight along its anterior border, concave along

its posterior border arching slightly dorsally in length (See-
ley 1892), 'In the humeri described in the literature and
in my material, with one notable exception (U.S.S. 1/2/5>Fig.

- 72) the terminal epiphyses are invariably absent, Along the

proximal posterior border of this exceptionally well presexr-
ved humerus a small spine and a shallow groove ie-present'(Figo

72). . The proximal ventral area, posterior to the attachment

of the short muscles to the shoulder on the deltopectoral crest

(Romer 1956) is small in Mesosaurus. o ‘ _ o

The ununually large, distally- placed quplnator process for the
attachnient of the supinator muscle may indicate a well develo-
ped rotational ability of the front limbs. By rotating the
front limbs and changing itsvangle tﬁe appendages could have

served as steering organsvineswimming.

Radius and Ulna

These two elements have been adequately described in M. tenui-
dens by-Gervais.(1864), Seeley (1892), Glrich (1889) and in ﬂ;

brasiliensis by McGregor (1908), Romer (1956) and Sikama

(1970). It should be mentioned however that the neniral 11dge
described by Seeley (1892) on the ‘distal end of the radius in

the Cape Town specimen of M, tenuidens seems to be an artifact,

The two elements are subequal in length and as their ends are
incompletely ossified no olecranon was found, which, as in ma-
ny other aquatic forms, méy well have been cartilagenbus'in |
life (Romer 1956),V_Thi3 would reduce ‘the movement of the ra-

dius and ulna to a simple flexion on the humerus., In well pre-

served specimens the epipodials are invariably preserved in
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" 1ine with the humerus and with the limb projecting frem-the
body in a posterolateral direction at an angle of + 45 de-
grees; |

" The ulna is curved slightly more than the radius_beeauSe.of
jhe concaviiyvof'the inner bordex aﬁd the ends of the ulna is
somewhat more expanded than.those of the more rod-like radius.
While the ends of the ulna are truncate the distal articular
surface of the radius is slightly medially 1nc11ned Araﬁjo's
(1976) remark that little difference exists in these elements
between species 1s Justlfled as was also shown in the statls-

tical analysls of the data.

" The carpus

The proximal-carpalia:
Gervals (1864) originally described the proximal carpalia of

M. tenuldens as consisting of two elements Whlch he identified

as a large radiale and a small "cubital" (or cuboid, mammalian
terminology and ulnare, reptilian terminOIOgy, Romer 1956).
Seeley (1892) recognised three bones in the proximal row of
-'carpalla in the Cape Town specimen (S,A. M 709) a cunelform

on the ulnar side ( ulnare), a median lunar bone between the
distal ends of the eplpodlals (an 1ntermed1um) and a centrale..
_ The 51ngle laxrge element in the right 1limb of the}>ar1s spe=~
cimen (radlale of Gervais (1864) 1s in the Cape Town specimen
traversed by a shallow ‘groove which must have led Seeley (1892)
to interpret it as two elements. In the spec1men~Gur1¢h (1889)

named Ditrochosaurus capensis (a young individual of M, tenui~

dens), he noted three separate proximal elements which he

jdentifies as an ulnare, a radiale (= the intermedium or lu-




Stellenbosch University https://scholar.sun.ac.za

119

nar'of'Seeley) and a éentraie. S tromer (1914) identifieé'a
radiale in addition to the three abovementioned elements in
material from thé‘Kalahari Karoo Basin in Namibia (the farm
Kabus),

In‘M.bfaSiliensis McGregor (1908)‘recognised three élementé

vin the proximal row and mentions the coalescence of two of
the elements (the intermediocentrale?) but decided that if
was an artifact. He identified a sﬁall ulnare, a 1argenra-’
‘diale and an intermedium distal to the radiale. Von Huene
(1941) also identified an ulnare but found éisingle:element‘
in the area where McGregor (1908} identified a radiale and
;ntermedium; This single elemeﬁt Von Huene calls an inter~
medium; | -

Both Von Huéne (1941) and McGregor (1908) idéntify four dis--
tal eiemeﬁts opposite toes one to four; Sikama (1970)
identifies four proximal carpals,‘a small ulﬁaxg, aﬁ‘intern

medium, a centrale and like Stromer-(1914) in M, tenuidens,; -

also report the.presence of a small radiale."Araﬁjo»(lQ?é)

identifies the ulnare and following McGregor (1908) calls the
large proximal element a radiale and the smaller distal ele-
ment the intermedium. Araﬁjo'(1976) is the first to note the

presence of five elements in the distal row in M.brasiliensis.

In Stereosternim tumidum,_Osbofn (1903) identifies an ulnare,
an intermedium and a centrale and.ﬁredic%s the présenbe éf'an
unossified radialevand a fifth eleﬁent in the distal row. Cope .
(1886) however had at this time already found a radizle but
wentions only four elements in the distal row; - A radiale is
also mentioned by Jaeckel (1909).

‘Stromer (1914) in a description of specimens from Kabus in

Namibia mentions the presence of nine carpals, therefore, a
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radiale as well as a fifth element opposite the fifth toe.

One of my specimehs of M, tenuidens (U.S.S. 1/2/5) confirms

thevpresence of nine carpal elements, a radiale,'ulnare; a
| large intermedium with a more distally placed centrale and
one element opposite each toe in the. distal row (Fig. 72).
In addition to thesé éiements'thevlétfer-épécimen (as well as
U55,85’2/8/3) show an additional central element between the
ulnﬁre and the elements oppbsite the fourth and fifth toeé.

The original interpretation of the elements by Cope (188é)

and Osborne (1903) in M.brasiliensis and Seeley (1892) in

M. tenuidens has therefore proved to be partly correct, It

should be noted that the radiale and the distal fifth carpal
“seem to oséify only in older individuals and also tend to be

lost very easily{

Phalangeal formula

The,phalangeal'formula for M, tenuidens is given as 2, 3, 4,

4,>3 which corresponds with the formula given by Seeley (1892)
for the Cape Town specimen (S.A.M, 709). This count is con-
_ firmed by a number of specimens.

For M.brasiliensis the same phalangeal formula is given by

McGregor (1908), Von Huene (1941) and Araijo (1976).
THE POSTERIOR LIMB
- The Fenmur

! o\,/ - » .
Detailed descriptions of the femur of M, tenuidens has not

been attempted other than general comments on length and form
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'(e.g. Broom 1904). Of M,brasiliensis more detailed descrip-

tions are gi?en by e.g. McGregor (1908) who comments on the
fact that both genera of Mesosauridae, as fossilised, usually
have the femur placed horizontally at approximately rlght

anqles to the booy axis with the knee JOlnt markedly flexed

(p{ 325), The two genera he refers to are M.brasiliensis and

Stereosternum tumidum.

This observation is borne out also by thc southern African

material, The head of the femur of M.brasiliensis Mchegor
(1508) finds to be rounded and not very distiﬁct; ﬁeithef
could he find any sign of a trochanter in his material. The
distal articular surface he describes as convex and of a smooth

triangular form. Von Huene (1941) comments on ihe elmzlarﬂty

between the femurs of Mesosaurus and the pelycesaurx Va{gg ps,
both showing large irochanters; presumably the internal tro-

chanter»(Romer 1956).

In a study of M.brasiliensis material housed iﬁ Japan, Sika-
ma (197O)Idenies the presence of any trochanters. Araéﬁo
(1§76) supports McGiegor rather than Von Huene'(i941) on the
proximal part’ofvthe femur, and Von Huene rather than McGre-
gox on the distal end, |
In the southern African material the shape and morphclogy of
the femur could be determined with much wmore accﬁracy than
was previously possible, It is cleaxr thét an anteroventral
ridge is éeﬁeloped on the proximal paft of the shaft. . This
ridge extends distally from the veﬁtral apex of the triangu-
lar proximal articulax facet., 1In terms of the femur morpho-

Ciogy of primitive cotylosaurs the ridge would correspond to

and include the pd%terior edae of the ridge systewm bordering

the ventral intertrochantric fossa as well as the adductor
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ridge (Fig. 73). The ridge terminates on the ventral edge
of the posterior condyie on the distal end of the bone;‘ A
-large flat intertrochantric foséa is developed but the in-
ternal trochantier seems to be only feebly developed at best.
The distal end of the femur shows a posteromedially slanting
articular area for accomodation of the proximal héad of the

tibia. The. articular facet for the fibula typically present

on the posterior surface of the posteriof condyle in primitive

reptiles (see Romer 1956 Fig. 170) in Mesosaurus occupies a

shailow sulcus on the posterior surface of the diétal end of
the bone. The facet has>therefore migrafed from itsvoriginal
-pbsterolateral position to a more medial position on‘the pos-~
_terior surface of the distal end of thé shaft and head of the
femur (see Fig, 73 U.S,Sh'1/7/3vand 2/8/1). The dorsal edge
of the sulcus is strongly develbped and the articularlfacet
therefore faces slightly ventrally and the anferior.condyle
_is displaced dorsally. No indication of an intertrochantric
fossa could be found,

In dorsal view the femur is slightly's—shéped and is concave
ventrally.v In'smail (young) individuals the femurs are trun-
cate (e.g. U.S.S. ‘o/1/11, 6/13/18 and 3/1/5) b:u‘t‘ seem to be
more completely preserved in large (older?) individuals, which

were presumbly better ossified (e.g. U.S.S. 1/7/3). Apparent:

differences in the shape of the femur in different specimens
seem to be the result of the exact angle inlwhich the. elements
aie preservéd. This is illustraied e.g. by specimen U,S.S.
1/7/3 (Fig. 73) and the Niewoudtville specimen (U.S.'Géology
‘D 172; Breoom 1904 Fig. 1}. In both,the femur is seen in ven-

tral view but in the Niewoudtville specimen the bone is rota-

tedAS1ight1y with the result{ that the articular sulcus for
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the fibula is not visible distally where only & narrow strip
of bone is exposed. The proximal end of thé bone however
qppearsias'a fiat wide sufface,.as the intertrochantric fossa
was brought into- full view by.the rotation. As a result the

femur in this specimen appears to be slightly wider distally.

Tibia and Fibula

Like the radius and ulna these elements have been adequately

described‘e;g; by Gurich (1889), in the specimen he named

Di%rochosaurus capensis (actually a young individual of M. tenui-

dens} and in M.brasiliensis by McGregor (1908), Romer (1956)

and Sikama  (1970).

The fibula is the largestbof the two elements. The councavity
of fhe latter element is accentuated along its distal marcin
by ﬁhé expansion of the distal end (Fig. 74). The slanting
.distal articulér surface on the end fité snugly on the inter-
medial part of the co-ossified'intermedio-tibiaie complex of
the tarsus. The proximal end of thevbone articulates on the
 posterodista1 end of the femur in the shallow sulcus.

The tibia is more rod-like than the fibula with the ends less
expanded, The distal end of the tibia fits on to the tibiaie
‘section cf the co-ossified tibiale element., Both eléments are

slightly dorsovehtrally flattened,

The Tarsus

N

f
l'e’ .
‘Gurich (1889 ) and Broom (1904) were the first to describe the
pes of southern African mesosaurid material (Gurich cailed his

‘specimen Ditrochosaurus capensis). From Kabus (in Namibia)
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Stromer (1914) described an iﬁcompletevfoot of a specimeﬁ he

referred to Mesosaurus. In a later work Broom (1913) descri-

bed the foot of a specimen'from Victoria West which he refer-

.red to a new genus of the Mesosauridae, Noteosaurus. This
specimen shows six phalanges in the fifth toe and it was main-

"1y on this feature that the new  genus was based,

. In DitrOchosaurus capensis (a young M.tenuidens),‘Gﬁrich'(1889)
found two elements in the proximal row of the tarsus, which

he identifies as a tibiale and a fibulare. Like the distal car=

rpalia all the distal tarsalia are . missing in D.capensis which
is, according to Glirich (1889) a result of the failure of the
elements to ossify. The phalangeal formula, based on specimens

from Kimberley, he gives at 2,3,4,4,4,

In a study of the Niewoudtville specimen (which Broom (1908)

calls Mesosaurus cgpensis)vBroom (1904) identifies a.fibuiaré
and a large anchylosed intermedium and tibiale in the proximal
row, Between the two elements a "fairly la;gé foramen" (p. 105)
is obServea; Four elements.are counted in the distal row with
the foﬁrth poorly preserved.. The missing fifth element is

said not to have been ossified, The phalangeél formula is

given as 2,3,4,5,4,

In Noteosaurus africanus, Broom (1913) mentions two proximal
tarsal elements which he does not identify other than stating

that théy Tesemble the élements;of M.brasiliensis more close-

ly than that of M.capensis (the use of Mesosaurus capensis is

puzzling but probably refers to the Niewoudtville specimen

which he referred to M, tenuidens in the original description

of the snecimen (Broom 1904) . In the latter papérAhe‘fefgrs'

- to Glrich's (1889) specimen as a young Mesosaurus and the re-
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ference to the Niewocudtville specimen in his 1908 paper as M,
capensis implies that he judged these two specimens:(the'Nie-

" woudtville and-Gﬁrich's)‘to be of the same species but different
from the Cape Town (S.A.M, 709) and Paris type specimené'éf Me-

gosaurus tenuidens.

In M.brasiliensis McGregorx (1908) identifies a fibulare and

an anchylosed tibiale-intermedium element in the proximal row
of tarsalia., In the distal row five elements are present and
the phalangeal formula is given as 2,3,4,553; The fibulare

is illustrated as medially elongated; dﬁ the phalangeal for;
mula as given in the text by McGiegor (1908‘p.‘321) both Stro-
mer (1914) and Wiman (1925) point 6ut*that it differs from his
~ reconstruction of the pes in figure T(p. 309); in thé figure
the formula can be.c0un%ed as‘2,3,4,5,4.,'Wiman (1925) gives .
the  formula as 2,394,5,5 (from his study'of.the.StOCKholm col-

lection) and mentions that the additional fifth element is al-

so mentioned by Williston (1925). He also illustrated the.
feet of a youﬁg and an.older individual and the fibulare is
shown to be more eléngated in the older. individual. He ob=-
sexved five elements in the’diéfal 1LOW,

~ The observations.of-Von Huene (1941) on the pes in general
agree with those of McGregox (1968)‘and Wiman (1925). Vén
 Huene, however, claims six elements in the fifth toe which

brings the phalangeél formula of M,brasiljiensis to the same.

as that of N.africanus Broom (1913). That confusion still
exists abcut the formulé.is illustrated by.ﬁhé fact that Ara-‘
| Gijo (1976) in the latest study of Braéiliaﬁ'material repeats
the formula of McGregor (1908) as correct. |

In the original description of Stereosternum tumidum?Cope {1886)

mentions two proximal and five distal tarsal elements. He iden-~
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tifies the proximal elements as a largé fibulare + intermedio-
calcaneum and a smaller elongated tibiale. From his figures
it is clear that he has mistaken the tibiale for the fibulare

as he has also nistaken the tibia for the fibuia. The tibia

and tibiale of Cope (1886) therefore_are the fibula and fibulare

of e,g. Osborn (1903) and Broom (1904, 1913) and his fibulare

+ intermedio-calcaneum corresponds with the tibiale-intermedium

complex of other authors. (It should be noted that in a later

work, Cope's (1887) mistake led also to the incorrect phalan-
geal formula of ~y4,4,4,3 (second to fifth toe) which should
actually read 2,4;4;4,- for apart>from haﬁing mistaken the
first for the.fifth phalange his figure 1 clearly shows 1iwo

and not three phalanges_in the first digit. Osborn (1203)
identifies a‘fibulare-and an element which he sees as a complex
éf the intefmedium, centralé-tarsi.+ tibiale in the pibximal
row and five elements in the distal row. The fibulare is fi-

gured as an elongated element similar to that of M.brasiliern-

sis,

From the new material collected for fhis study it is.clear that
fhere are indeed two eleménté.in the proximal row of tarsalia.
The fibulare in small (yoing?) specimens do not show the pré:
minent elongation so conspicﬁous in older specimen3~(Fig{ 74).
A fifth element in the distal row present in large specimens
apparently was not ossified in young individuals for it is in-
variabliy absent from small specimens.

The.large-element is formed by the.anchylosis of twovelements}
This is illustirated well by the X-x&y'photograph'of’9pecimeﬁ
U.S.S. 3/1/5 {Fig. 75). The two elements involved séem to be
the intermedium and tibiale. In most of the specimens the

foramen between the two proximal elements is preserved,
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One exceptioﬁaliy 1argévfoot, (U.s.S. 0/1/8 Fig. 74) shows ih
‘addition to the five elements in the distal row and two ele-
ments of theAproximal Tow, an éxtra element between the ti-
biale-intermediuﬁ and the first and second elements in the
distal row., This centrale was anticipated b§3Wi11iston (1925)
whé had added this element in dotted lines to his reconstruc-

tion of the foot of M.brasiliensis {see his Fig, 153), This

 element Was.eventually observed by,Sikama (1970)'in M,brés;
‘i}fensis material housed in Japan and he refers to the ele-
ment as a "medial‘pentrale"‘(p. 46). The element could éither
be a lateral centrale, a mediocéntraie, or what ié‘most,likely
a product of the fusion of the two. - |

. The abovementionéd specimen U.S.S.~O/1/8 in addition seems to.
have a double element opposite the'fifth toe.‘_if not.an axr-
tifact this element (betweenrthe'small,distai element oppo-
site the fifth toe and the fibulare in Fig. 74) could only be
a somewhat disp}éced proximal centrale élement; If this pro-

N
L.

ves to be correct the tarsus of Mesosaurus will be almosi.

jdentical to that of a young Captorhinus (Romer 1956).
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TAXONOMICAL INTERPRETATIONS

Aradjo (1976) has established beyond doubt that in the South
Americén'material, at least three different mesosaurid genera

can be recognised on statistical grounds, (Mesosaurus brasilien-

sis, Stereosternum tumidum and Braziliosaurus sanpauloensis);

Through 1ack.of information about the southern AfricanrM;tenuiu
dens ho comparison could be made to establish the relationships
‘and taxonomy of the material from the two continents.

The material from southern Africa has‘ been refexred to a ﬁum-

ber of genera and species; " Apart from the type species of the

genus Mesosaurus (M. tenuidens Gevais 184 ) two more genera and

four more species have been created. - These are Ditrochesaurus

capensis Glirich (1839 ), Mesosaurus pleurogaster Seeiey (1892),

Mesosaurus capensis and Noteosaurus africanus Broom (1913 ),

Subsequent authors have invariably treated Ditrochosaurus cCa-

pensis Gurich (1889) as a junior synonym of M, tenuidens (e.g.

/
Broom 1908 , Araujo 1976). M,pleurogaster Sealey (1892) was

based on an incompletely preserved and exceptionally 1arge'in~
dividual and is also regarded as a junior'synonym“of M, tepui-
dens. The Niewoudtville specimen (U.S. Geology D 172 ; Broom

1964), along with GUrich's Ditrichosaurus capensis specimen,

were transferred by Broom (1908) to the genus Mesosaurus as

the species Mesosaurus capensis. These specimens cannot be

distinguished from M, tenuidens and M,capensis should also be

considered a junior synonym of M, tenuidens.

No teosaurus africanus Broom (1913) poses more of a problem,

This species was based on the larger number of digits in the
fifth toe and as has been pointed out there are indeed six

elements present in the fifth toe of this specimen. It is-
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- furthermore possible that the sacral ribs are wider than in M.

tenuidens if the preservatiocn of these elements in N.africanus

is not an artifact,

The stratigraphic position and exact locality of this specimen
is'unfortunately unknown which complicates matters, The loca-
lity is given by Broom (1913) as’the Victoria West district
"but the Whitehill-Formation does not outcrob in this district.
The matrix of the slab containing the specimen does not at all
_resemble WhitehiliVéhﬁlé”(iﬁwgpite,ofHBroom}s‘claim»that it
does) and upon analysisvwas_sﬁbwh to differ chemically from
Whitehill shale, . (The results of X-ray diffﬁaction analysis
of five specimens of Whitehill shale from répresentativé.outn'
Acréps overvthe'entire outcrop area of the Great Karoo Basin

and that of the Noteosaurus slab,are given in table 1).

The green muds tone 'matri_x of the N.africanus slab car’l‘ either . «
be from the intercalated green mudstone in the Whitehill For-

mation or from the.oﬁerlying Tierberg shale Formation. The
intercalated green mudstoﬁe (silty-shale) mémﬁef is not deve- | i
loped in the Whitehill outcrops to the north of the Vicioria

West district (ﬁear Vosburg) while the Tierberg shale oui-

crops extensively in this area. If is therefore most iikely

that the specimen was derived from the latter Formation if

Broom's (1913) statement oﬁ the origin of the.éﬁecimen«(“ic~_
toria West'district) is.correct.

If the'specimen is indeéd from the lower Tierberg Formation.
it could be éonsiderably youngér than those from the Whitehill
Formation which might explain the apparent anatomical diffe-

rences,

" The higher phalangeal count of the fifth digit on which Broom
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(1913) based the genus Noteosaurus, becomes doubtful in view

of Von Huene's (1941) report of the presence of an equal num=-

ber of elements in the fifth toe of M;brasiliensis. Never the-

less, as will be shown in the following section, the relative
proportions of the pro-and epipodial elements and the tones of

the foot in Noteosaurus differ sufficiently from those of other

genera to warrant the retention of this-species{ An effort
should however be made to invesfigate the shales of the lower -

Tierberg Formation to verify whether N,africanus indeed occurs
v .

in these younger strata. The treatment of Noteosaurus as a

junior synonym of Mesosaurus by e.d. Von Huene 1941, Kuhn 1969,

and Araujo 1976, is considered to be incorrect.
" To date the Whitehill Formation has therefore yielded only M.
Egnuidens; One specimen in my collection, shows a close re-

lationship with the Brazilian genus Stereosternum. The speci-

men was presented to me by D. Strydom who collected it on the
farm Maritzdam, a subdivision of Buffelbout 42 in the Car-

navon district, The differences between Steréosternum and Me-

sosaurus 1is given by Aratjo (1976) as follows.

Stereosternums 34 presacrals, length of skull ='néck, teeth

shoxrt, conical, straight.

Mesosauruss 29 presacrals, skull longer than neck, teeth

longer than in Stereosternum, oval in section,

reburved;
The Maritzdam specimen has 34 presacrals with the head and npeck
of equal length, the teeth are shoxrt and straight. The number
of cervipal vertebrae. of this specimen (12) equals that of

Stereosternum and excludes the possibility that it could be

more closely related to Braziliosaurus. It therefore seems

certain that we are dealing with Sterosternum or a ciosely
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related form rather than with_Mesosaufus‘tenuidens. Apart

from the Maritzdam specimen two more specimens in my collec-

'tion could also possibly differ from Mesosaurus in the same

way but as these specimens lack the skull and neck a final

decision is impossible,

If the presence of Stereosternum tumidum or ‘a closely allied

.form.is confirmed in the southern Afriéan*Formations it.willl
have far rearéhing implicafions and.will‘suppoft’thevérgﬁments
.in favour of a former junction of the Africanvand Bré2i1iah

Basins. Before a final decision on the taxonomical status of.

these specitiens can be reached a comparison with South ‘Ameri-

can Stereosternum material is essential.
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THE BIOLOGY OF MESOSAURUS

Several authors have in the past speculated on aspects of the

biology of Mesosaurus and the climate of the water body in

‘which it lived e.g. McGregor (1908), Wiman  (1925), Romer (1956 ,
1968), Fabré (1967). | .

The mere presence of a reptile in the Whitéhill sea indicates a
.éonciderable amelioration of the climate since thé'preceding
.pefiod of‘céntinental glaciatibn. There is no way of knowing

whether the winters were mild enough to enable Mesosaurus to

remain active throughout the yeaf.v In view of the history

of glaciation and the suggested cold climate (Fabré 1967 ) and
the seasonal variation‘evident from the presénCé of contempé-
raneous diciduous vegetatioh on nearby land (Plumstéad 1969)

it seems logical to infer that the climate necessitated the

hiberﬁation of Mesosaurus on lahd. It is however unlikely
-that it was able to dig into the mud for hibernation as Eakker
(1974)'sugge$ted.

‘Visits on 1énd must have been a periodic phenomenon With\the

whole population converging on favourite beaches for the lay-

ing of eggs during the breeding season (like modérn marine
turtlés) o; for hibernation in Autumn, If natural catastro-
bhes had.beféllenvfhe reptilesvduring such times it would have
resulted in dense accumulations of disarticulatea skeletal ma-
tériAl. Episodes such as this may-have.resulted in the for-
mation of bone beds in nearshore facies .as e.g.'at'ndrbs in
the H&ab Basinvand at‘Gross Daberas in:the Kalahari Karbo Ba-
sin. Similar occurrances of bone beds in coarse clasfic‘maf
“terial are also recorded from the Iraty {Martin 1961),

The weakly developed and oddly placed front limbs must have
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made locomotion on land somewhat laborious and for the burial
of eggs (if the eggs were covered at all) the hind limb only,
could. have been employed

Nesosauruc must have been a very competent swimmer for even

very small (voung?) individuals of only 35 cm (the largest in-~

dividuals reached a length of more than two meters) are found

' in areas of the basin that must have been hundreds of kilo-

meters from the nearest shore, In swimming the small front

" 1imbs presumably functioned only as rudders with the tail ac-

ting as the main propulsive organ., ~The tail in Mesosaurus was

strongly developed compared to that of a modern semi-aquatic

Feptile of comparable size e.g., Varanus niloticus. The rela-

tively strongly developed caudal ribs on the first caudal ver-

tebrae of Mesosaurus indicate that very strong musculature

stretched between the pelvic girdle and the base of the tail.

The taii therefore seems to have been powerful although no‘iﬁ;
dication of the degree of lateral flattening can be deduced from
the form of the caudal veriebrae. Judgihg-from the caudals

in Varanus niloticus the tail in Mescsaurus could quite well

have been flattened to at least the same degree._'

‘The role of the pes of Mesosaurus in sw:mming is not clear al-

though it is iegarded as enlafged and ﬁhought to have‘been
webbed (Romer|1968) to perform such.a function. It is true
that the toes, especially the fourth and fifth, are widely
spaced which could indicate the presence of webs but in'com~

parlson to’ the pes ofuV, niloticus that of Mesosaurus is not

all that much enlalged. Since V.niloticus is clearly less'

. aquatic than Mesgsaurus the fact that it lacks webs between

the toes cannot be used to extrapolate conditions in Mesosau-
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‘yus, This feature therefore remains pure specuiation; with
or without webs .the hind feet would in any case most likely
have been used in intricate manoeuvring. The idea of Wiman

’ (1925)»that Mesosaurus used the outer edges of the webbed

hind feet and the nails on the outer toes to propel itself
on the substrate seems to be a fair asSumption but this could
have been. possible on%y iﬁ very éhallow nearshore areas or
on land. |

The food source and manner of feeding of Mesosaurus remains

problemati¢. " McGregor (1908) depicted Mesosaurus as pisci?

vorous and Romer (1956 p. 455) points out that a'"high degree
of concentration of small crustaceans is present in some Me-
sosaurus bearing beds" implyving that it fed on these Crus-

tacea. From the small size of the head of Mesosaurus and

its/seemingly fragile teeth it is inikely that it Ted on

the relatively large "tough scaled" palaecniscid fish of the
Whitehill sea, Romer's (1956) idea seems to be'mofe accep-
table but the situdy of the biozonations of thé.Farmétiqn rQ-
vealed that the dense Notocaris acme zone.of érustaceané bare-

ly overlaps with the top c¢f the Mescosaurus range zone, In

~the major part of the Mesosaurus zone no trace of crustacea

\

was found. Mesosaurus could have fed on juvenile fish but

to have sustained a large population of reptiles a more re-
liable and abundant food scurce must have been available (the
fish probably utilized the same food) although no recdrd of
it is preserved in the shales, It was suggested by Ziegler

(1972) that the fine battery,bf long teeth of Mesosaurus was

used as a filtering apparatus. . Small, soft bodied, plancta-

nic organisms {which would.haVe'included fish larvae and egys)
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- could thus have served as its main ﬁqod supply. Such a mode
of feeding would not have placed excessive strain on the ex-
tremely long and presumably fragile, loosely attached teeth

of Mesosaurus, Wiman*s suggestion that Mesosaurus was a

bottom feeder is ruled out by the indications of the pre-
sence of toxic bottom brines and the resultant absence of

a benthonic fauna.
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‘STATISTICAL TREATMENT OF MATERIAL

Collection of data:

Detailed measurements of the newly collected southern African
mesosaurid material were made with veneer calipers to the near-

est 0.1 mm., A list of parameters collected for use in this

study is given as Appendi# 1, v

The'me;suremenfs weré treated with the S$,P,S.S. systeﬁ ahd T-
tests, scattérgramsvand biplots of data were executed. 7To the
new information, data on South-American_species available from
the liferature were added (mainly frdm Araidjo 1976) and the
’cbmpound data analysed,

Parameters used in comparisoné are skull length, cervical length,
tooth length and width and rib width. These.@arameters were cho-
sen,beéause data on these elements of the Soﬁth American stecies

.

are available from the work of Araiijo (1976),

T~test results (see Table 2),

(1) T-~test results of a comparison between M. tenuidens and‘MQ

brasiliensis are given in Table 2.. Significant differences

between the two species werevfound.in-the lehgth of theiskﬁll
(P £ 0.0001) length of the neck(PS 0.05) and length of the
‘teeth (P < 0.05). No statistical difference could however be
jillustrated in rib and tooth Width (diameter) between -the two
species; | | o |

(2) T-test results of a comparison between M. tenuidens and

Stereosternum tumidum are given in Table 3, From this it is

clear that significant differences exist between these two
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forms in only two of the elements tested,‘Skull and cervical-
lengths (P £ 0.05). My results confirm those of Aratijo (1976)

who found significant differences in skull lengths (P £ 0.05)

between M,brasiliensis and S, tumidum; and S, tumidum and Bra-

ziliosaurus sanpauloensis,

If the mean skull length of M, tenuidens (52.108 mmyn = 12;

_table 2), S.tumldum (59 mm, n = 14; tabel 3) and M, bra3111en—

sis (75 94 mm, n = 17) is considered it would seem to ‘be un-

wise to discard the possibility that we axe dealing with a

gfowth series, The different presacral count'of‘s.tumidqm_.
naturally excludes this from such a growth series but it is

stlll a possibility for the two spec1es of Mesosaurus, The

apparent difference in size (as shown by the T-iest results)
could however also fesult from factorsrsuch.as sample bias,
émaller individualé.will tend to be represented at a higher
ratio than larger individuals for they will tend to Be less
fragmented by weathering after exposure, It is well known
that blocks or slabs of shale, large enough/té éontain a fair-
ly 1arge‘individua1 rarely remain unfragmented. This is es~
pe sially true of the southern African Whitehill mauerla*.
Another factor that might have played a role is food availé'

abilify in different parts of the basins. In this respect the

higher carbon content of the Ixaty shales reflect a higher

émount of Aetritus and possibly a better food staple. This

could eventually have resulted in producing a stock of relia-
tively large consumers,

In the biplot, skull/cervical lengths (Fig; 79) the cluste-

ring of data for the two species of Mesosaurus does not refute

the possibility that they form part of an allometric :growth

series, with M. tenuidens the smaller and M.brasiliensis the

- o ) —__—__—_d_—._._ﬁ ! v PO— ‘
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larger individuals (see Fig. 79). This impression is strengh-

ende if the biplots of e.g. Humerus/Radius length (Fig. 80) is

considered where thé plots for all four species form an almost

straight line., In order to clear up this point futher statis-
- tical treatment of the data to test for allometric growth was

i

carried out.

statistical analysis for allometric growth

Allometric growth or the stﬁdy of rélative growth was éharaé—
terised by Gould.(1966) as the analysis of size and its conse-
quences, 'Suéh_growth can be assessed and described'quatitive-
A 1y and.a statistical test to this effect was developed bﬁ Toll-
man, Grine and Hahn (1980);  The data compiled in this study

was treated with the computer program developed by these auth-

ors.(for a full deécription of the methodology and mathematical
basis of the prdgram see Tollman, Grine and Hahn 1980). The
méin basic steps 6n1y will be reiterated heré.for'tﬁevsake

of clarifyihg the dataigivén in the accompanying tabels'(TAbéls
4, 5, 5, 7).

Growth can be assessed and described §uantitive1y.whén-méa~
Surements.are fitted to the biparametric power function Y =

ax b y Where y = a variable whose increase relative fo that of
ano ther paraméter# x, is coﬁsidered; a is a numerical con-
stant andf is the slope of the rectilinear plot. By conver-
ting the eqﬁation to a logarithmic form the .problem is re-
duced to the fitting of a straight line.

iog y o= 1og.a + § log x o

or ¥ = + 5 x,

Where ¥ = log y3 x = log X and 4 = log a. .The slope of the
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best straight line is given. by F (the allometric coefficient)
which can be given as the_value_of'y when x =‘O; Thus values

of ﬁ.> O indicate positive allometry which implies a diffe~

rential increase of Y relative %o X with an increase in the
absolute magnitude of X. Isometry is indicated by £ = 1 and
represents the maintenance of geometrical similarity with in-
crease in sixe.'ﬁ< 1 implies negative allomeftry.

In determining the slope of the best straight'line throughvthe_
data the proéess utilised was that of Bartlétf's (1§49) best
fit which was preferred and used by the majority of workers in
this field (Tollman et al 1980).

Two parameters, cranial and cervical lengths (variable one and
three respectiVely) were utilisedvas comparative (x) measure~
ments in the present study. These were selected because Ara-
ﬁjob(1976) has shown fhat these are the discriminatory fea-
tures bétweeh the South AmeficanAspecies, Bivariate quanti=-

tive assessmentis for the four species involved and combina-

tions of species e.g. M.tenuidens and M.brasiliensis were

made, Results of these tests are shown in tabels 4, 5, 6, 7.

Interpretation of the allometric data

_Linearity was rejected in every case which indidafés that we.
are not dealing with different size fractions Qf an allometric
growth series but with different speciés in‘which different |
allometric ratios were-opefa%ivé; It is‘of special interest

to note that the two species of Mesosaurus on the strength of

these results should be regarded as different.
In most cases the individual elements $how a pésitive allo-

metric growth in relation to skull and / or cervical length,
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thus a positive ﬁ (slope) for  the line of best fit is ob-
taiﬁed (positive ﬁ in tabels 4;5, 6, 7). If these élements
are plotted against -the X variéﬁle a configuration as e.g; in
Fié 81,—humerus / skull length is obtained. Some elements
(e.g; metacarpals and phalanges of the forelég, eléments 14

- 22vapd Fig; 82) however show a negative ﬂ ; This implies

that these elements, in contrast to those with a positive

slope, grow'slower than the X\parameter (skull or neck in B .
this case). Hatchling mesosaur5>fhus had relatively iong lower |
forelegs and large forefeet Whichieniarged at a slower rate

than the rest of the body throughout life;b~La;ge (01d) indi-
viduals therefore had relatively small lower forelimbs and

feet and the distance between the girdles were relatively

_short;

Conclusions

(1) Both T-test and allometric growth methods indicate that,
on available data, the conclusion can be drawn that M. tenui-

dens and M.brasiliensis are two separate species. Allometric

results confirm the results of AralGjo (1976) that M.brasilien~

' sis, Stereosternum tumidum and Braziliosaurus sanpauloensis are

valid species.

(2) The observafions of Arazdjo (1976) who indicated that cer-
vicalcand skull lenths are the.discriminatory factofs arevcbnml
firmed by the present study; These factors are also shown to
be important differences between the two species df Meébsqg—

rus from the two continents. M,.tenuidens is shown to have

relatively shorter skulls than M.brasiliensis as is illustra-

ted by the biplot of Cervical / Skull length (Fig. 79). If
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this blblht is compared with the plot of e.g. the humerus /
ulna (Fig. 80) it is evident that very little variance exists
between species in the latter elements. as .all plots clu~te1
along a straight line. _ ' l

(3) If the biplot of the Femur / Metatarsal—total?iength is
condidered (Fig. 84) it is evident that the ratio of these ele-

ments differs in M, tenuidens and the specimen Broomw (1913) re-

ferred to Noteosaurus africanus, The matatarsal elements and

phalanges of the hind limb of Noteosaurus are reiatively shor-

ter than that of Mesosaurus. This shortness of the phalanges
and metatarsals was partly compensated for by the addition of

a sixth element in the fifth toe of Noteosaurus,

. The low COrrelatioﬁ coefficient obtained is probably caused

- e

by two factors, - It might be regarded as an indication that
some of the specimens included in this .study and treated as

1. tenuidens in fact belong to other genera orx species (e.q.

the Marivzdam specimen with a presacral count equal tc that
S _ \
of Stereosternum'and Braziliosaurusjas well ;\S‘Noteosaurus)o

A second factor mlght be the difficulty of accurately mea-
suring often d13301nted and bad1y crushed elements e. g necks
and skulls. The master list of the data used in the .statis

cal analysis is available in computer printout format, upon

request
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SUMMARY AND CONCLUSIONS

The dual goal of the present work comprises a_study of the
mesosaurid-bearing shales to gather information on the palaeo-
environment and contemporary fauna of the Whitehill waters as

well as an attempt to unpavel the cranial anatomy and taxo-

nomy of this Permo-Carboniferous reptile. Mesosaurus is of
particular interest and importance for it occurs both in

"southern Africa and South Anerica in almost identical strata.

To date most of the anatomical work on the genus has been done

on the more abundant South American M,brasiliensis, the south-

ern African form being relatively poorly known., No direct

comparison of the two spe¢ies has thus hitherto been possible,

PALAEQECDLOGY

“The results of this study on thespalaeoenvironment of tha wa-

ter body in which Mesosaurus occurred can be S$ummed up as fol-

lows:
From ah epicontinental sea arm that invaded along a N-5 ex-

tending zone of (-) epeirogenesis between Africa and South

America in early Permian times the Whitehill sea was
formed as two seperate ' embayments onmto the southern

African landmass. . The sea arm may have been in the position

6f the'sutﬁre along 5Which’"Africar and South America

separated during the breakup of Gondwanaland very much later.
Remnants of the larger,more southern, embayment are ai pre-
sent preserved in three separate basins, the main Great Karco

-Basin, the Karasburg Karco Basin and the Kalahari Karoo Basin.

The smaller northern embayment, the Huab Karoo Basin was se-

o . ) M _ L J
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parated from the southern Basins by the'Windhoek Highlands.
The preseénce of identical biozonations in the wdrcester out-
1ier prove that the Basin éxtended much further south and
that the Whitéhiil Formation predatés the Cape Orogeny,. vThé
Orogeny however probably followed sobn after thevdeposition
of the Formation.

The_Whitéhillvembayments are visualised as relatively shal-
low (calculated depth < 150 m), sediment starved, euxinic

marine water bodies surrounded by low lying marshland, The

water of the Whitehill sea was stratified with evaporitic

hinerals precipitafing in small amounts from highly sulphuret-
ted{\ ‘toxic,; bottom brines. The poor éuality of the bottom
waters prevented the establishment of a\bottom fauna and this ac-
counts ;for the impoverished fauna .of the sea, consisting'of
but two vertebrates, two crustaceans, a possible céphalochor«
date and a few other problematic forms, All these forus were
pelagic and flourished in the relétively freéh.oxygenated top
water layers. Surplus organic material from primary producers
éf the food chain in the top water layers was decayed in the

" bottom layers by anoxic bacteria resulting iﬁ the fbrmation'

" of suiphuretted black muds;' From the low lying adjacent land
‘very little material wasvshedvinto thelbasiné and the bulk of
vthe sediments is probably of aeolian origin( The most stfiking

single impression gained is that the sediments were deposited

in an almost energyless environment as novindications of vec-
torial sediment distributing agents are preserved in the wono-
. tonously homogeneous,thinly.1ayered sediments., Low aﬁplitude
oscillation ripples and the orientation of fossiis however

registered an oscillatory movement of a tidal nature in the
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bottom waters'o&er vast tracfs of the baéins.

The anoxic conditions Weré upset only once for a short ﬁeriod
which resulted in the deQelopment of a green siity-shale mem~
ber in the middle of the Formation., It waé only during this
period that benthonic and fossorial organisms colonised the
Whitehill sea floor leaving evidence of their presence in the
form of a variety of trace fossils and feeding trails, These
ichnoqusils are described and figured.

Systematic collection of fossils on a’Basin wide basis led

to the recognition of Mesosaurus, fish, Notocaris and ichno-
fossil range zones. . (The lower half of thé'Formation5 with
the exception of a yet undescribed crustacean in the black

dolomitic layers, proved to be unfosiliferous), The consis-

tency of the biozones has COndlusivély shown that the Forma-
tion is a chtonostratigraphic qnif.and any:of the zones may
be used in correlations{(timé-stratigraphic)‘between the difQ
ferent basins. The implementéfion of the biozones in the |
course of this study hés already proved to be ‘of practical
‘value as a local, post-Whitehill-pre-Tierberg shale,erosion
‘cycle could be reéognised in thé area nofth of Hopetéwn by the
absence of the eopmost biozones in some outcrops. |
-The blostratlgraphy, 1ithology and f05811 faunas of the South
"American Iraty and the southern African. Whltehlll Formatwons
. show an almost unbelievable s;milarlty. This similarity re-
;ults from fﬁe fact thaf the %wo Formations were depésited
in contemporary embayments of a central ‘sea arm on laﬁdmasses
Wthh had an identical immediate prehlstory of gla01at10n. The

fact that these two Formations are almost mirrox images of each

other can be explained only in this way.
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ANATOMY AND TAXONOMY

In the study of the cranial anatomy of Mesosaurus tenuidens
-1t was conclusively proved that the temporal area is complete-
ly roofed over. The mesosaurids may thus prove to be anapsid,

in spite of Von Huene's (1941) interpretafion‘of M.brasilien-

'sis as synapsid, and their current uncertain systematic posi-
tion in an order (Proganosauria) of their own (often tenta~
tively ?egarded as allied to Euryapsida) may be blarified.

A better understanding also, of the individual elements of
the skull was possible and a new interpretafionﬂof %he morpho-
logy of the palate could be made. Elements like the supra-

. temporals, tabulars and ectopterygoids allegedly not present

in M,brasiliensis are demonstrated in M.tenuidens.

The elements of the mesosaurid palatoquadrate and braincase

and their inter-felationships are described for the first
time,
In cranial morphology and also in features of the post craniail

skeleton Mesosaurus resembles the cotylosaurs with its closest

relative undoubtedly being the primitive form Limnoscelis.

Mesosaurus and Liﬁnoséélis.aré both aquatic formé‘(Romer 1956)
of contemporaneous age. Unique.among reptiles both show rem-
"nants of labyripthodontine tooth infolding. They also share
-.a few unique and apparently-non—adapfive cranial features e,qg,
the pterygoid meeting the maxilla behind the ectopterygoid
~and the slightly baékwardvprojecting basal processes,

The atlas complex is described for the first time in any me-

sosaurid, The presacral vertebral ccunt for M.tenuidens was

established at 29, with 12 cervicals and 17 dorsals which is
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identical.with the count for M.brasiliensis., Two free éacral
vertebrae and at least 60 caudais are present. The first 11
caudals béars ribs‘énd haémal arches are present from the 12th
onwards up to the last few vertebra. Sutural lines are pre-
sent befween centra and intercentra of the middle'se;;es of

caudals,

'In the pectoral girdle of M, tenuidens a three pronged scapu-
_1a-coracoid~pxec6racoid plate is described in contrast to M.

brasiliensis where a single coracoid ossification is alleged~-

1ly present. A new interpfetation and reconstruction of the
péctoral girdle is thus attempted.

In.%he pelvic girdlé'the presence of a notch in the pubis
rathet than a foramen is cqnfirmed.

Ten carpal elements are described in M. tenuidens of which

five form a distal row, one opposite each toe, In the proxi-
mal row a radiale, ulnare and a large intermedium are present
and two central elements are present between the elements of

the proximal and distal rows. The phalangeal formula of 2,

3, 4, 4, 3 is identical to that of M.brasiliensis.

In the hind limb additional information on the morphology of
the femur was gained. It was established that the two proxi-
mal elements of the tarsus is an elongated fibulare,and aflaré
ge elementvformed by the anchylosis of an intermedial and ti-
biale element. Between the five elements.in the distal row
and the elements of the proximal row é proximal'central and

a centralvelement are present} The phalangeal formula for the

es of M, tenuidens is 2, 3, 4, 5, 5,
: s s ? )

Tt was established that only one Mesosaurus species is pre-

sent in southern Africa and that all other species named
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" (M.capeéensis, M, piouroqastor, Dltrdchoqaurus capensis) should be

considered as junior. synonyms of M, tenuldenq Gervais (1864)

Morphological charactersxmatrlx analyses and statlstlcal tests

however indicate'that Noteosauxus'africanus Broom'(19l3) is a
valld spec1ea plobably from somewhat younger strata,

In addlclon to the two abovementioned forms a few spe01mens
w1th a presacral vertebral count 1dentlca1 to that of Stereo-
sternum were rocovered from the Whltehlll Formatlon. A com-

parison of these specimens with Stereosternum material is

essential to establish whether thié-Soufh American form occurs
also in South Africa.
If future research should prove M,brasiliensis (and other me-

sosaurid forms) also to be anapsid, the family Meéosauridae,

i.e. all the members of the order Proganosauria will have- to

be transferred.to the order Cd%yiosauria. If M, tenuidens is
to be_regarded as typical for the Mesosauridae, the famiiy’s
closest relatives amongst the cotylosaurs would-seemvto be
the Limnoscelidae, These two gfoups'could quite feasibly:be

derived from a common ancestral Carboniferous cotylosaur.,
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Fig., 1A Distribution of Whitehill outcrops: in the major basins in southern Africa
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Figure 3A: Whitehill Formation in typical outcrop near

Loeriesfontein, Great Karoo Basin. Note dark
dolerite sill in middle of Formation.

Figure 3B:

Whitehill Formation in Kalahari Karoo Basin

on the Gellap plateau, Car parked on contact

of Whitehill Formation and Green siltstone with
worm tracks, see Fig. 36.
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Figure 7: Rolled, disarticulated mesosaurid bones in
limestone. Gross Daberas, Kalahari Karoo Basin.

Figure 8¢ Low amplitude oscillation ripples from the inter-
calated sandy shale member of the Whitehill For-
mation, Loeriesfontein, Great Karoo Basin.
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A}

Figure 9

mesosaurid fossils n =

LOCALITIES
i Devondale
2 Klein Rooiberg
3 Blouputs
4 Brandhoek
5 Klein Tiervlei

Rose diagrams to illustrate in situ orientation of

number of specimens measured.
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-
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Total: all dala Mesosaurus
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Figure 10

Notocaris tapscotti. n =

LOCALITIES
1 Klein Spitskop n=9
2 Kirchberg n=3
3 Aussenkjer n=8
4 Nelskop n=10
5 Breeknie n=34
6 Blouputs n=38
7 Klein Tiervlei n=22
8 Brandhoek n=14

Rose diagrams to illustrate in situ orientation of

A2

= number of specimens measured.

Total:all dala

Notocaris
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Figure 12 Lithology and Biostratigraphy of the Iraty Formation:
Zone A & B refer to the map in figure 13,
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Figure 13 Distribution of fish in the basins of the Whitehill

Formation.
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Figure 14A: Whitehill Formation outcrops at Doros crater,
Huab Karoo Basin, Fosiliferous site marked with X.

e R S

Figure 14B: Outcrops (horizontal layers in middleground)
correlated with the Whitehill Formationj
western flank of the Brandberg,Huab Karoo Basin.
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Figure 15: Unidentified crustacean from black dolomite layers,
Great Karoo Basin. Specimen (length + 2.5 cm) in
collection of R,D.F, Oosthuizen,

Figure 16: Problematic imprintjpossibly of sponge spicules.



Figure 17A: Black stromatolite-like, slumped dolomite.

Cream coloured dolomite lenses in Whitehill Forma-
tion; .Driekoppen, Worcester.

Figure 17B:

\ o e . tv“,l '
Kalahari Karoo Basin

-7

Figure 17Cs Black dolomite lense,
(Hammer for scale).

2 s TS
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Figure 18: Fish trail. Gannavloer, Great Karoo Basin.

Figure 19: Bony plate of fish skull; Gross Daberas,
Kalahari Karoo Basin,
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Figure 20: Insect wing; Worcester outlier, Great Karoo Basin.

Figure 21: Vertebrae in limestone, Kalahari Karoo Basin.
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Figure 22: Fossil imprint of problematic cephalochordate-
like organism

nerve cord
otochord

oral hood :
pharyngeal slits

MTmm

Figure 23: Diagrammatic interpretation of fossil im-
print in figure 22,

nerve chord
central nervous system)

\ “l“l---'
ﬂpore anus \
metapleural
region tolds

Figure 24: Schematic drawing of modern Cephalochordate
(after Hildebrand). -
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Figure 25: Silicone rubber casts of echinoderm-1like hollow
spheroids; Loeriesfontein, Great Karoo Basin.

Figure 26: Brachiopod-like imprint; Devondale, Great
Karoo Basin.
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Figure 27: Arthropod trail; Kafferdam, Great Karoo Basin,

2D0D 399 DDj o

e WL R o R e

)
7

Figure 28: Arthropod trail; Kafferdam; shown in figure 27.
Notice slight offset to right suggesting crab-
like movement.
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Figure 29: Umfolosia-type trail; Haib, Karasburg Karoo Basin.

Figure 30A: Body imprint of crustacean; Haib, Great
Karoo Basin.



Stellenbosch University https://scholar.sun.ac.za

Trail leading up to body imprint of crustacean;j

Haib, Karasburg Karoo Basin.

Figure 30B:

Haib,

1 trails

icCa

ilaterally simmetr
Karasburg Karoo Basin.

Small b

Figure 31
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Figure 32: Star-like trace fossils; Great Karoo Basin.

3 - V

.E-b

Figure 33: Zoo cos from the intercalated siltstone mem-
ber of the Whitehill Formation; Vlakte onder Hang-

klip, Great Karoo Basin.



Stellenbosch University https://scholar.sun.ac.za

Figure 34:

Type of Rosaichnus witbandicus; Kafferdam,
Loeriesfontein.

Figure 35:

Scolicia-like worm trails, type A with small
sub-trails,type B trail smaller without sub-
trails. Notice rounded corners at intersec-
tion indicating sub-trails to be associated
with both trail types.
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Figure 36A: Scolicia-like worm trails, type B from inter-
calated silty shale member, Great Karoo Basin.

Figure 36B: Type B Scolicia-like wormtrails from mottled
green shale below Whitehill Formation, Kala-

hari Karoo Basin.
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Figure 36C: Type B. Scolicia-like wormtrails from below
the Whitehill Formation, Huab Karoo Basin,
Brandberg area.

Figure 37: Bifungites-like trace from Lower Collingham
Formation,Worcester Outlier.
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Figure 38: Imprints of Notocaris tapscotti; Brandhoek,
Calvinia, Great Karoo Basin. Notice abundance

of fossils in acme zone,

Figure 39: Impressions of small gypsum resettes,Whitehill
Formation; Groote Brak, Tanqua Karoo,Great

Karoo Basin.
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uss 11113,

Figure 40: Camera lucida iriterp’reta‘cion of broken sidewall of skull,
. specimen U.5.S. 1/11/13, . Two illustrated sections (A & B)
reconstructed in C. (See couposite photograph in Fig.176);
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uss 1mn3

lecm

Figure 4l1: Camera lucida in’cerpreta‘tibn; dorsal vievy of palate and floor of
braincase. - {Silicone rubber czst of specimen U,S.S. 1/11/13).
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S
\.‘.A
b,
V’s;:fn,,“

uss 1711713

1cm

Figure 42 Camera lacida interpretation of ventral view of palate and skull

base (silicone rubber cast of specimen U.S.S. 1/11/13)
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" USS 214N

tem

' Figure 433, Camera lucida inter_p”’re*l:a*cion of silicone rubber
cast of skull, Specimen U,S.S, 2/4/1.
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3
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t

] /

1cm

Figure 44: Camera lucida interpretation of silicone- rubber cast of skull roof. ,
Specimen in collection of R,D.F, Oosthuizen, Zwartskraal, Prince Albert.
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SAM 9327

jem

Figure 45: Camera lucida 1nterpretat10n of 5111cone x

ubber cast of skull roof,
SpeCLmen S.AM, 9327, : . . S



~Stellenbosch University https://scholar.sun.ac.za

USS 6/41/23

tem

Figﬁre 46: Camera lucida intgrpretation of skull roof.
Specimen U.S.S. 6/4/23.
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USs 2/4/8

1cm

Figure 47: Camera lucida interpretation of silicone rubbef_c cast
of dorsal view of skull., Specimen U.S.S. 2/4/8,
Skull base partly exposed, ' ' S

vl
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Uss mnp

7 fem

| Figure 48: Camera lucida interpretation of silicone rubber
’ - cast of palate and skull base, Specimen U,S’S.
1/11/10. ' -



Figure 49:
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Uss  6/4/3

icm

Camera lucida interpretation, dorsal view of skull base and
elements of palatoquadrate based on silicone rubber cast of
specimen U.S.S., 6/4/3., (Palatal tooth sockets appear to have

been pressed through very thin palatal bones). .
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uss 2/1v

) cm'

Figure 50: Camera 1uc:i.da. interpretation of impression of palate in
‘ dorsal view, Specimen U,S.S. 2/7/1
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1ecm

=
’ B — / Sp
USS 2416 .

Figure 51: Camera lucida interpretation of silicone rubber
' cast of skull in lateral view, Specimen U,S.,S.

2/4/6. .
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Figure 52: Tentative reconstruction of palatoquadrate in median
: view. A, without cranial floor, B, with section through
cranial floor added. : '

Jeartilage?

i e ="

1em
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Figure 53: Recvons truction of skull of Mesosaurus tenuidens in lateral view,
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1 cm

Figure:54: Recons truction of skull of Mesosaurus tenuidens in
S doxrsal view (teeth and lower jaw omitted).
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icm

Figure 55: Tentative reconstruction of sknll and lower jaw in
occipital view (teeth omitted). .
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.pm.

Figure 56: Reconstruction of skull in ventral view, marginal
teeth and lower jaw omitted. .
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Cervical vertebrae with ribs. Specimen S.A.M,
1327 in dorsal view and S.,A.M. 709 in ventral:
VieW. : :

SAM 1327 A SAM 709

icm




Stellenbosch University htfps://scholar.sun.ac.za

USS 6/4/9

l1cm

Figure 58: Posterior view of isolated cervical veriebra.
Specimen U.S.S. 6/4/9
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USS 674724

iem

FigureASQ - Anterior view of isolated dorsal vertebra.

6/4/24.

Specimen U.S;S.
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USS 674724

lcm

-Figure 60 Posterior view of isolated dorsal vertebra, Specimen U,S,S,

6/4/24,



‘Figure 61:
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Uss

514 114
ventralview

SAM 9328 Yem

Dorsal veriebrae and associated ribs in dorsal
view, S.A.M. 9328, Ribs, specimens U.S.5. 6/4/14
~

and 6/4/10 in ventral and dorsal views

€/4/110
dorsal view

respe
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SAM 708

iermn

Figure 062: Articulated dorsal vertebrae and ribs in
ventral view, S,A.M, 709,
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Uss 2/7/3

ure 63: TDosterior view of isolated presacral dorsal vertebra
' with anchylosed ribs. Speciken U.5.S. 2/7/3.
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USS 1773

lcm

- »

.

_Figur'e 642 Posterodorsal view of isolated sacral
vertebrae, Specimen U,S$.S. 1/7/3.
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USS 61415

i e 1 cm

Figure 65¢ Rib-bearing caudal vertebra in anterior view.
Nete the line of separation between caudal rib
and centrum of vertebra. Specimen U.S.S. 6/4/5,
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usS 2/5/3

—lcm_

Figure 66: Lateral view of caudal vertebrae showing

intercentra and haemal arches. Specimen'A

U.S.S. 2/5/3.
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USS 6/4/24

1em

-Figure 67: Posterior view of caudal vertebra with associa-
- ted arch . in posterior view,. Specimen U.S.S. 6/4/24,
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USS 6/4/9

lem

Figure 683 Posterior view of one of the last caudal vertebrae
without ribs or haemal arches. Specimen U.S.S, :

6/4/9.



Stellenbosch University .https://scholar.sun.ac.za

Tem

Figure 69: Reconstruction of pectoral girdle in
: ‘lateral view,
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-ant cér- .

“1cm

Figure 70: Reconstruction of pectoral girdle
in ventral view,
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fcm

Figure 71: Reconstruction of pelvic girdle
" in lateral view,
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Figure 72: Elements of the front limb of Mesosaurus,

uss 1/2/5
left humerus
proximal end

ventral view

dorsal view

dorsal view
left elements

:

Uss 17215

dorsal view
left elements

Uss 1111
tem
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;.. Figure 73: Elements of the hind limb of Mescsaurus.

-

ad.r.

uss /713

US$ 21612 ventral view

tcm

uss 2/8Nn
posterior view
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uss o/1/8

— lem

Figure 74: Hind 1limb of specimen U.S$.S. 0/1/8 to illus-
strate the carpus, : : : .



Stellenbosch University https://sc

Figure 75:¢ Positive print of X-ray negative. Specimen
U.S.S. 3/1/5.
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Figure 763 Composite photograph of side wall of skull
depicted in Figure 40 B and C.

Figure 77: Photograph of ventral view of palate and dislocated
jugal-quadratojugal-squamosal portion of sidewall
of skull shown in Figs 40 and 76.
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Figure 78: Silicone rubber cast of enchondral elements
of pectoral girdle. Specimen U.S.S. 5/4/2.
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Table 1

Results of Major elements by X. R. F.. The first five samples

are from Whitehill outcrops. Sample no six from the slab of. shale

containing Noteosaurus africanus.

Element

1/11/11  1/11/13 _2/8/1  2/6/2 _ 6/4/5 Noté;sgufué
sio, 73,963 82,994  8l.464 76,045  76.869 66.791
Ti0, | 0.870 0.964 0.860  0.837  0.808 0.594
A1,0, 18.230  11.134  12.099 15,895 14,131 15,852
Fe,0, 0.564 .0;446 0.353 0.902 0.789 - 5,014
Mgo  0.025 0,265 0.091  ©0.308  0.157 1,510
Ca0* 0.251 . 0.200 0.83 0.114  0.660 1.035
Na,O 2,027 0.919  1.120 - 1.708  2.394 2,925
K,0 4,575 3,052 3,260 4,160  4.580 6.090
P05 0.084  0.120 0.096  0.060  0.100 ' 0.155

K/Al'in the Whitehill Samples may indicate Illite as a major.blay

mineral whilst Illitq,—;Montmorrillonitelmay”be the major clay mine-

rals in the Noteosaurus

1/11/11 and 1/11/13 from Blouputs

matrix.

3/8/1 ~ from Geelslang
2/6/2 from Klein Tiervlei
6/4/5 ‘ from Gellap Ost

33° 4415,
30° 19's,
31° 10's,

26° 1215,

QO3'E
541'E
45'E

03'E

Noteosaurus from Victoria West district with the nearest White-
3 . N

hill outcrops at + 30° 24's 22° 59'E



VARIABLE

Skull

"length

Cervical

length

Tooth

Jength-

Rib

width

Tooth

width

GROUP .

M, ten.

M.,bras,

M. ten.

M,bras.

M.ten,

M.bras

M, ten.

M.braé.

M, ten, -

M.bras.

NUMBER

OF CASES MEAN -

12
17

-16

17

19

27

19

52,108

75.94

46,96
56,76

4,97

8.55

3,446

3.375

.6143 .

.6316

. STANDARD

DIVIATION

© 11,73 -
10.34

11,94

9,75
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STANDARD

ERROR

2,98 .

2,30

1,067

0.568

0.256

0.168

0.040

0.029

SN

VALUE

1.29

1,50

1.44

“TABLE 2

T,TEST

2=TAIL

PROB.

0.628

1 0.429
0.613

0.016

0.686

POOLED VARIANCE ESTIMATE

,f0.35

SEPARATE . VARIANCE ESTIMATE
T DEGREES OF - 2=-TAIL, T DEGREES‘OF - 2=TAIL
VALUE ~ FREEDOM - PROB.  VALUS FREEDOM. ' PROB -
. =5.78 " 27 0.000 =5.66 . 21,86 © 0.000
. 2,59 31 '0.015  =2.,57. 29.01 " '0.016
-3,16 24 0.004 =2,97 9.62 0,014
0.13 31 0.898 0.23 27,09 0.817
-0.3% 24 0.745 12.85

©.735
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TABLE 3.
" T.TBST

POOILED VARIANCE ESTIMATE SEPARATE VARIANCE ESTIMATS

NUMBER - 'STANDARD. STANDARD F = 2=TAIL T \-DEGREES OF 2-TAIL T DEGREES OF 2-TAIL
VARIABLE GROUP  OF CASES MEAN DIVIATION BERROR VALUE PROB.  VALUE FREEDOM = PROB. VALUE  FREEDOM & - PROB.
Skull ~ M.ten. 12 52.1083 11,731 3,386 : - , _ ‘ ' -

' : _ 5,7 .007  =1,99 = 24 - ,058 . ~1,88  14.61 .079
length  M.bras., . 14 59,0000 5.159  1.379 ' ‘ S . :
Ceérvical M.ten. 16 . 49,9687 11,948 = 2,987 . o : : ,

o S S 3,74« .02z =2.32 28 .028 -2.42 23.08 .24
length M.bras. = 14 55,2143 6,179 1,651 : ) . : : : .
Tooth - M.ten. 7 . - 4.9714 2,823 . 1,067 . } o S S : o

' _ ‘ - , 12,00 .00l 1.74 17 099 1,37 6.59 - .214
length M,bras. 12 ) 3,4792 .815 =235 : ’ : : . . '
. ) : 1
Tooth M.ten. 7. .6143 ;107 _  ,040 SRR o _ 5 o -
| R | SRR 1,04 1,000 1.62 17 .123 - 1,63 12.89 .127
width " M.bras. J12 . «5308 . 109 . 031 i : _ : : N
rRib M.ten. . 27 3.4463  1.328 .256 L _ S
- : : ' . 4,62 .020 1.03 34 312 . - 1.44  29.83 150

width  M.bras. ~ 9 - 2.9722  .618 .206
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Table 4
‘Summary of data concerning relafive grcwth and variazbility in méso-
: _'sauiid material from southern Africa (x = skull length) Y = ‘number

of specimens; g - cI = 95% confidence interval for g ; %= CI = 95%

confidence interval for o § T = correlation coefficiant; d&f = degrees

favour of a parabolic rélationship.

of freedom; t = Bartleti's statistics; RL = rejection of linearity im ‘

Y N « 4 o - CcI ‘ 5“;51 L X dr- t RL
2 11 0.84 =-0.59 -0.07 1.94 -0.71 -0.47 0.59 8 0.800 yas
4 8 -1.33 -1.33  -5.68 7.62 -4.22 -2.85 .0.24 5 1,686 vyes
6 11 o0.81 . 0.72 -0,06 1,88 0,62 0.83 0.74 8 0.807 yes
8 10 -0.18 2.53 -3.07 0.91 2.31  2.74 0.20 7 0.069 yes
10 10 0.73 0,43 -l.22 1,61 0.27 0.58 0.75 7 6.685 yes
11 10 0.59 -1.31 -1.42 1.82 ~1,49 -1.12 0.59 7 0.028 yes
12 7 -0.35 3.94 -6.91 2.41 3.47  4.20 0.07 4 -0.438 yes
13 7 1,13 -3,90 -3,21 6.48 -4.20 -3.60 0.38 4 0.070 yes
14 7 -0.29 2.74 -4.34 6,17 2.42 3,05 -0.18 4 -1.318 yes
15 7 -0.94 5.61 -4,72. 1.36 5.44  5.78 =0.38 4 -2.029 yes
16 7 -1.17 6.41 -7,17 0.30 6.23  6.60 -0.40 4 0.407 yes
17 6 -1.65 8.43 -2.12 1,17 8.37 8.48 -0.72 3 -8.645 yes
18 6 -1,91 9,39 =-3,07 0.31 '9.32  9.46 -0.91 3 -2.87 vyes
19 6 -1.68 7.51 -7.82 -0.15 7.51  7.72 -0.48 .3 ~2.897 yes
20 6 -2,42 9.84 -9.99 -0.16 9.56. 10,12 -0.,40 3 -4.118 Qes
21 6 -1.00 5.04 -8.62 2.00 4.71 5,37 -0.18 3 1,595 yes
‘22 6 -1.87 8.12 1.45 7.66 8.58 .33 3 -0.684 yes
63 7 0.28 2.38 -3.45 1.21 2.20  2.55 0.49 4 =2,179 vyes
64 8 1,13 3.29 _3.40 2.52 -3.53 -3.05 0.82 5 <-0.456 yes
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“ibie's

- SUUMSymmary of data concerning felative grqwth and variability;

o ““Mesosaurid material from sbuthern Africé' and South Americav (x=
“ ‘cervical length) &:variéble»ﬁumbeijuﬁ=nhmbérﬂdf éﬁecimens;
T - CI = 95% Confidence"intéfbailfgfn‘é{; ﬁ:¥CI = 95% con-

: cuwfidence interval for%ug;"r = correlation cééfficient; ds ;

%% degrees of freedomi ~ t. = Bértlett'S‘test'statisticks; RL =

14 -2,11 1,01 -2.39 =2,03 =-0.43 2.45 .66 11 -0.784 yes

'b:i&refeétibn of,lineérity in favour of a parabolic relationship. °
N ol p | o -CT b -c1 r a ot RL
1 47 2,52 .40 2.46 2.58 .06 .76 .30. 44 -2.356 yes
2 10 1ol .44 1.06 1.3¢4 1.03 191 .28 7 =-1.535 yes
4 37 . 0.14 .35 .08 ’53 -0,95 1,65 -1,05 34  0.000 yes
5 37 -0.88 08 -0.98 -0.84 -0.31 -.47 .13 34 -0.431 yes.
7 16 2.18 .05 2.19 2.25 -0.12 .23 .14 13 -0.464 yes
: _
9 14 1.95 .02 .55 .91 =-1.49 1,53 .43 11 -0,628 yes
25  0.11 81 -0.07 .11 .41 1.21 .75 22 -0.232 yes
13 -0.30 .33 -0.96 -0.67 -0.36 1,01 .66 10  0.026 'ves

16 -1,47 1.04 -1.56 =~1.29 .37 1,71 .75 13 =0,931 yes

O

O OV vV

| 11 0.253 -0.56 <~1.23 -fO..79 -2.99 1.86 .49 8 ~0.25 yves
10 -8.88 2,71 =3,61 -3,08 fo.sd 6.22 .21 7 -0.473 yes
10 -3.41  1.37 -0.83 -0.40 -1.33  4.06 .12 7  0.396 yes
10 -4.25 1.55 -3,03 -2,70 -0.43 3,57 .56 7 0.625 yes
-0.19 .52 -0.19 .20 -2.45 3.50 .20 .6 1,048 yes

3,74 -0.54 1,09 1.68 -5.65 4.58 .08 5 0.23 vyes

1,50 -0.17 .60 1,0 -2.59 2;25 .02 6 1,462 yes

-2,03 50 -2.10 -1.40 -3.67 4,84 .16 6  0.706 yes

10.72  -0.201 ;0.64 .-0,13 =~6.28 2,27 .80 € =-0.053 vyes

26 1,28 -0.08 .69 - 1,05 -0.94 ,77 .24 23 -1,29 yes

9 - 10,41 ~1,88 -0.48 .04 -6,08 2,32 .79 6 -0.653 yes



Summary

sternum (raw data from Araujo 1976) (X = skull length) Y = variable

number; N
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for & ; f - CI =

coefficiant;

95% confidence interval for ﬂ 3

Table 6

af = degrees of freedom;

r = correlation

of data concerning relative grovth and variability in Stergo-

number of specimens; & - CI = 95% confidence interval

t = Bartlett's;test statis-.

tics; RL = regection of linearity in favour of a parabolic relation-

-9,75 2.65

ship.

Y N « g & - CI g - CI r Df t RL’
4 12 0.49 0.18 -2.06 =-1.73 -2,25 2,61 0,50 ¢ 0,231 yes
5 12 1.86 -0.62  0.78 1,06 -2.56 1.33 -0.10 9 0.536 yes
6 14 0.63 0.83 0,94 1.07 -0.16 1.82 0.50 11 0.689 yes
64 8 —7.28 -7.02 =-0.41 5,71 0.68 5 2.067 yes
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Table 7
Summary of data concerning relative growth and variability in Meso- '

saurus brasiliensis and Stereosternum tumidum (raw data from Araijo’

1976)> (X = skull length) Y = variable number; N ‘.=‘number, of s_pecimens§

of - CI = 95% confidence interwal fpr o3 ﬂ - Ci = 95‘% éonfide‘ns interval
forlé ;’ r = correlation 'c':oefficiant; df = degrees of freedcm;' t =
Bartlett's test stétistics; RL = rejection of lineafity in favour of a

i

parabolic relationship.

4 26 -8.34 2,37 -8.39 -8,13 - 1.56 3.10 .81 23 -0.316 yes
26 -2.50 0,46 -2.64 2.48  -0.06 0.98 .46 23 0.309 yes
31 2.80 0.20  2.66  2.75 -0.02 0.60 .52 28 -0.964 yes
o o 3.85 -0.08 3.33 3,51 -1.13 0.96 .02 6 =-1.286 yes

64 11 -4.77 1,41 -3.44 -3,21 ., 0.23 2,58 .59 8 -1,236 yes




List of variable numbers'

© O N O U A W N
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Skul] length
Skull width

Teeth maximum length
Teeth maximum diameter
Cervical region total length

Intergirdle req1on total length

Intergirdle reglon number of vertebrae

E Number of teeth

Humerus length -

Humerus width at middle

Radius length

Radius width at middle

Metacarpal.l

M. carpal 2

M. carpal 3

M. carpal 4

M. carpal 5

Digit
Digit
Digit
Digit
Digit
Digit
Digit
Digit
Digit
Digit

‘Digit

Digit
Digit

Digit

Digit
Digit

Fenmur

Femur
Tibia

Tibia width at middle
Metatarsal 1 length
Metatarsal 2

1

(S B ©, B N N N O CURNI TR (ORI U SO S

Phalange

‘Phalange

Phalange
Phalange
Phalange
Phalange
Phalange
Phalange
Phalange
Phalange
Phalange
Phalange

Phalange

Phalange

Phalange

Phalange

length

width at middie

length

. Cervical region number of vertebrae

B WD - WD = N

W N pu

W N A

length

APPENDIX 1
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41 Metatarsal 3 length
42 Metatarsai 4 lengfh
43 Metatarsal 5 length
44 Digit 1, Phalange 1

45 Digit 1 Phalange 2
46 Digit 2 Phalange 1
47 Digit 2 Phalange 2
48 Digit 2 Phalange 3
49 Digit 3 Phalange 1
50 Digit 3 Phalange 2
51 Digit 3 Phalange 3
52 Digit 3 Phalange 4
53 Digit 4 Phalange 1
54 Digit 4 Phalange 2.
55 Digit 4 Phalange 3
56 Digit 4 Phalange 4
57 Digit 4 Phalange 5
58 Digit 5 Phalange 1
59 Digit 5 Phalange 2
60 Digit 5 Phalange 3 ’
61 Digit 5 Phalange 4
5

62 Digit 5 Phalange
63 Rib 1engfh

64 Rib width at middle
65 Rib stretched length
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APPENDIX 2

LIST OF ABREVIATIONS

angulaf

arcus of atlaé

anteridr condyle

articulation for cérvical‘ribs
adductor fossa

adductor ridge

antefiof coracoid

‘articular

articulation sulcus for fibula

basioccipital

coronoid
pleurocentrum

capitulum

clavicle

dentaiy '
dorsum sellae
ectepicgndyle

“entepicondyle

enfepicondylar-foramen”, ) o ' |
epipterygoid _ ‘ - .

ectopterygoid

exoccipital

frontal ' ' ' |

coracoid forxramen




fem
fg
fib
f1
fm
fno

gr

na
oc-

ot

pal
‘pafb
part
pc

p con

po cor

pf

i} i} i )} 1

1

1]

]
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femur

fossa glenoidea

fibula

“fibulare

- foramen magnum

foramen nariale obturatum

groove for radial nerve and bloodvessel
haemal arch

intermedium

intercentrum

interclavicle

ilium

ischium’

»jugal

lacrimal

maxillary

na$a1

nares
bccipital'condyle
otic notch.
bpisthotic

parietal

pila antotica

palatine

pfoximal articulary facét
prearticular
proximal_central
posterior condyle
posterior coracoid.

postfrontal




pim
po

por

ra
rad
sa
sC
sel
sm
so
'spi
sq
st

sup

sup

" tb'

tib

-troc
tub
u

ul

1} 1l i

i It i ] - il i nou I i

1}

1]
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premaxillary

' " postorbital

posterior edge of §entra1 ridge system
postparietal
préﬁtic
prefrontal
parasphenoid
pterygoid
pubis |
quadrate’
quédratojUgal
rostrum
radiale
radiué
‘surangulaxr
‘scapula
éella'turcica
septdmaxillary
supraoqcipital
Spléﬁial‘
squamosal
~ stapes
supratemporal
| supinator probess
tabular
tibiale
tibia
troChléa
tuberculum
ulna |

ulnare
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vomer

ventral intertrochanﬁrié'fossa
South African Museum
University of Stellenbosch, Zoology Departuent
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Farms and lLocalities

Auésenkjer
Blaawboschko 1k

Blbuputs

‘. Brand hoek

Breeknie
Buffelbout
Dabéras Ost
Damascus
‘De Bés
Devondale
 Driekoppen
Frisgewéagd
Gannavloer
Gellap Ost
Goeie Hoop
Gfasféntein
Groote Brak

Gross Daberas.

' - Haib

Hantam Mountéiﬁs
l_Jachtscherﬁ

. Josias de Kocks Kloof
 Kafferdam

.Kirchberg

- Klein Rooiberg

Klein Spitskop

Kle;n Tiervlei

Kolkop

APPENDIX 3

301S

25'S
44's
36'S
427S
17'S
301'S
16'S
581S
331s

351'S

471s’

18's
12's
20'S
07's
52'S

301S

38'S

251S

24°%S

151S

481S

201S

271'S

+131'S

10'S

S 12'S

30'E
42'E
O3*E

33'E

49'E

28'E

20'E

57'E

42'E

17'E

21'E

48°E

59tE

"O3'E

OO'E

50'E

427E

- 20'E

54'E

41'E
59'E

191E

22'E

10'E

24'E

10'E -

A5'E

"26'E
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‘Kolegat

~ Krantzpoort

‘ Langberg'
Leeubergrivier
Leinster<.
Moddérdrift

Narosies
Patatsfontéin
Roschcommon

Skimmelkoppe

Vlakte onder Hangklip

Waterval (Klein)

 Zwartskraa1

"121'S

02'S

44's

27'S

33's.

09*tS

391s

08'S
12'S
521'S
10'S
591'S

O5'S

38'E
03'E
0O'E
24'E
11'E
321E
371E
16'E

26'E

"421E

10'E

20'E.

31'E





