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ABSTRACT 

Heteroceratid ammonites are abundant in the Upper 
Barremian sediments of Zululand, South Africa, and 
representatives of the genera Heteroceras, Colchidites 

and Paraimerites are described below. This assemblage 
shows strong similarities to faunas known from the 
Caucasus region of the USSR, a similarity that persisted 
into the succeeding Aptian. This similarity presents 
something of a paradox, because the genera concerned 
are among the least hydrodynamically streamlined of 
ammonites. Their distribution suggests an open marine 
connection between the Mediterranean parts of Tethys 
and the eastern coast of Africa. linked, in the Barremian 
- early Aptian at least, to Patagonia. Their wide 
distribution also supports the view that climatic gradients 
were low during the Barremian and that the climate was 
generally warmer than at present. 

INTRODUCTION 

Heteroceratid ammonites (regarded as the family 
Heteroceratidae by Soviet workers but afforded 
only subfamilial status elsewhere) are a striking 
group of early Cretaceous ammonites which show 
up to three successive and different coiling modes 
during their development. They are best-known 
from the Caucasus region in the USSR (Djalenidze, 
I 926; Egojan, 1965; Eristavi, 1955; Kakabadze, 
1967a, b, 1971 , 1975, Renngarten, 1926; 

Rouchadze, 1930, but are poorly known elsewhere 
in the world. Their presence in South Africa was 
indicated by Haughton ( 1936, p. 293), who 
recorded Turrilites cf. emerici d'Orbigny (a 
Heteroceras) in a preliminary survey of northern 
Zululand, where he dated the species as Aptian. 
The area was revisited by Boshoff (1945), who, in 
an unpublished thesis, correctly identified the form 
as a representative of the predominantly Caucasian 
genus Colchidites Djalenidze, 1926. 

In 1975 we visited the area in connection with a 
general survey of the Cretaceous rocks of 
Zululand, and found heteroceratid ammonites in 
profusion in Upper Barremian sediments along the 
Mlambongwenya Spruit. These were noted in our 
preliminary account of the area (Kennedy & 
Klinger, 1975) and by Klinger (1976). Lack of 
comparative material and Soviet literature 
prevented both full determination of the material 
and recognition of the degree of affinity between 
the geographically remote Caucasus and Zululand 
faunas. Collaboration with Kakabadze now permits 
a full account of the fauna, an assessment of the 
faunal relationships between the two areas and a 
discussion of the palaeogeographic and 
palaeobiogeographic significance of the 
discoveries. 
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LOCALITY DAT A 

All the South African material described below 
comes from locality 170 of Kennedy & Klinger 
(1975, p. 302, text-fig. 11), cliff and gully sections 
2 km NW of Mlambongwenya store on the north 
side of the stream, northern Zululand, 27° 10'10" 
S., 32° 10'13" E. 

LOCATION OF SPECIMENS 

The following abbreviations are used to indicate 
repositories of specimens cited in the text: 

BMNH British Museum (Natural History), 
London. 
Geological Institute, Tiflis. 
University Museum, Oxford. 

GIT 
OUM 
SAS South African Geological Survey, 

Pretoria. 

SYSTEMATIC PALAEONTOLOGY 

Suborder 
ANCYLOCERATINA Wiedmann, 1966 

Superfamily 
ANCYLOCERATACEAE Hyatt, 1900 

Family 
ANCYLOCERATIDAE Meek, 1876 

Subfamily 
HETEROCERATINAE Spath, 1922 

Genus and Subgenus 
HETEROCERAS d 'Orbigny, 1850 

Type species. Turrilites emerici d 'Orbigny, 1842 

from the Upper Barremian of South-western 
France. 
Diagnosis. The shell consists of two main pans -
an initial helix and an uncoiled shaft and crozier. 
The helical whorls are in contact or scarcely 

Dimensions: (See Kakabadze, 1975, p. 85, text-
fig. 4 for explanation of abbreviations). 

Specimen h h, d 

GIT 350/1016 12+x 5,3 11,5 
(holotype) 

GIT 55/81 

GIT 14/81 

BMNH C80025c 7,5+x 3,0 7,5 

BMNH C80025a 

SAS H54/29hi 

touching and are ornamented by asymmetrically 
twisted single ribs. On the uncoiled part, ribs 
bifurcate and intercalate as well as remaining 
single. All ribs cross the venter without 
interruption. In the latest growth stages bifurcating 
and intercalated ribs are absent. 
Occurrence. Upper Barremian of Turkmenistan, 
Caucasus, Crimea, Turkey, France, Romania, 
Italy, Spain, Colombia, Peru, Mexico, California, 
British Columbia, Tunisia, Algeria, Morocco, 
Tanzania, Zululand and Japan. Lower and Upper 
Barremian of Silesia and Bulgaria. 

Heteroceras (Heteroceras) ex.gr. elegans Rouchadze, 
1933, Fig. 2, A-F; Fig. 3, A-G; Fig. 4, A-C. 
1933 Heteroceras elegans Rouchadze, p. 232, pl. 13, fig. 
4; text-fig. 36 (non pl. 15, fig. 2). 
1955 Heteroceras elegans Rouchadze: Eristavi, p. 118. 
1975 Heteroceras elegans Rouchadze: Kakabadze. p. 89. 
pl. 3, fig. la-b, 3-5: pl. 8, fig. 5. 
1976 Heteroceras (H.) sp. aff. H. (H.) astieranum 
d'Orbigny; Klinger p. 11, pl. I, figs 1-2; t ext-figs 5a-c, 
6a. 

Holotype. The specimen figured by Rouchadze 
(1933, pl. 13, fig. 4) (herein refigured as Fig. 4, A
B) GIT 350/1016 from the Upper Barremian 
Colchidites securiformis Zone of Goresha, western 
Georgia. 
Material. 12 Specimens from the Caucasus, SAS 
H54/29hi from Bed 29 at locality 170 in Zululand, 
BMNH-C80025a-c, 80026a-b, 80028, 80029 from 
imprecise horizons at locality 170. All Upper 
Barremian. 
Description. The shell is rather small. The helical 
part consists of 4 to 5 contiguous whorls. The last 
helical whorl passes directly into the straight to 
slightly curved shaft. The crozier is relatively long, 
being about half as long as the shaft and almost 
parallel to it. The whorl section is subcircular on the 
helix, compressed on the shaft and sub-trapezoidal 
on the crozier. 

L H, E, H2 E2 
50,2 9,0 7,4 13,5 13,0 

48,6 7,0 10,4 

8,5 5,5 14,5 10,0 

56,0 9,5 

62,0+x 10,5 9,5 16,0 16,02 
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The helical whorls are ornamented by fine single 
asymmetrically curved ribs but on the shaft and 
crozier ornament becomes symmetrical. On . the 
major part of the shaft ribbing is single and slightly 
prorsiradiate with a forwards flexure on the dorsum. 
On the crozier itself the ribs commonly bifurcate. 
On the final part of the crozier the ornament consists 
of single distant comparatively high ribs. 
Discussion. This is a rather small species, easily 
identified by the fact that the helix passes into the 
shaft without great curvature, as is the case in H.

(H.) astierianum, for example. The holotype of the 
species as well as a topotype specimen from 
Western Georgia are figured here as Fig. 4 A-C for 
comparison with the Zululand specimens. 

H. (H.) elegans differs from the related H. (H.)
heliceroides (Karsten) in having a higher helix, 
straighter· and longer shaft and less open crozier 
with more prominent ribbing. 
Occurrence. Upper Barremian of the Caucasus and 
Zululand. 

Genus Colchidites Djanelidze, 1926 

Type species. Colchidites colchicus Djanelidze, 
1926, from the Upper Barremian of Western 
Georgia. 
Diagnosis. Three different coiling modes are 
developed during ontogeny: helical, planispiral and 
ancyloceratid. The initial pan of the shell forms a 
tightly-coiled helix of between 2 and 8 whorls. After 
the helical stage, the axis of coiling changes abruptly 
to 90 degrees to the axis of the helix, with planispiral 
whorls that surround the initial helix. This 
planispiral stage may consist of less than one to 
more than two whorls. Thereafter the whorls uncoil 
into a straight or slightly curved shaft which ends in 
a moderately recurved crozier. In other forms the 
uncoiled part (shaft and crozier) is unknown and 
presumably absent. Ornament on the helix consists 
of dense, fine, sinusoidally curved ribs. On the 

Dimensions: (SeeKabadze 1971, p. 7, text-fig. I for 
explanation of abbreviations). 
Specimen h h1 

Holotype 20+x 9,0 

SAS L54/36h 

BMNH C80022 

BMNH C80016 

BMNH C80018 21,0 12,0 

BMNH C80015 

BMNH C80017 

D 

planispiral and uncoiled parts of the shell ribbing 
becomes more symmetrical. Intercalated bifur
cating and rarely trifurcating ribs occur on the 
planispirally coiled part of the shell. All ribs cross 
the venter without interruption, and on the dorsum 
the ribs become narrower with a forward curvature. 
Occurrence. Upper Barremian of Turkmenistan, 
Caucasus, France, Cuba, Colombia, Zululand and 
Patagonia. 

Colchidites vulanensis Egojan australis ssp. nov. 
Fig. 6, A-F; Fig. 7, A-F; Fig. 8, A-L; Fig. 9, A-N. 

1976 Colchidites sp. A. Klinger, p. 16 , pl. 1, figs 6a-d, 
7a-d, pl. 3, fig. la-b, text-figs 5g, 6f-g. 
Holotype. SAS-3044/L54 from locality 170, 
Mlambongwenya Creek, northern Zululand, 
Makatini Formation, Upper Barremian. 
Paratypes. SAS-L54/36h, BMNH-C80013, 
80015-20, 80023-25 and more than 50 uncatalogued 
specimens. OUM KY 1593-1602 as well as blocks of 
colchiditid lumachelle in the collections of the 
Geological Survey, Pretoria, Department of 
Geology, University of Pretoria (Boshoff 
Collection) and the South African Museum, Cape 
Town. 
Description. Coiling of the helix is both sinistral and 
dextral, and all the whorls are in contact with a 
dorsal impressed zone. Generally only 2 or 3 whorls 
of the helix are preserved, but up to 4 incomplete 
whorls have been observed (Fig. 8, E-F), 
suggesting the actual number to have been 5 or 
more. The apical angle of the helix varies' between 
30 and 60 degrees. The acute angle between the axes 
of coiling of the helix and the planispiral part varies. 
between 34 and 41 degrees. The apex of the helix 
rests on the umbilical edge of the planispiral part. 

Coiling of the first planispiral whorl is rather 
irregular, and lateral deviations from the axis of 
coiling are conspicuous (Fig. 6, C-D), especially at 
the onset of planispiral coiling and after the first half 

H E 0 

44,2 18,0(39,0) 17,0(39,0) 15,5(35, 1 l 

91,0 38,0(41,8) 31,0(34, 1 l 31,0(32,4) 

37,0 16,5(44,6) 15,0(40,5) 12,0(32,4) 

51,5 21,0(40,8) 21,0(40,8) 19,0(36,0) 

54,0 25,0(46,3) 21,5(39,8) 20,0(37,0) 
50,0 23,0(46,0) 23,0(46.0) 18,0(36,0) 

53,0 22,0(41,5) 21,0(32,6) 18,0(34,0) 
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whorl. Very few of the specimens have well 
developed planispiral sections preserved, but two 
specimens, SAS L54/36h (Fig. 6, E-F) and BMNH 
C80013 (Fig. 9, A-B) show that at least one and a 
half to two planispiral septate whorls were present. 

No uncoiled parts, nor indications of uncoiling 
were noted in the material. 

The whorl section in the helical whorls is 
subquadrate with rounded edges, and a prominent 
adapical zone of impression due to the close coiling. 
The first planispiral whorl is subquadrate to slightly 
asymmetrical with an inclined venter in cross
section, but after one whorl the section becomes 
symetrically subrectangular with very slightly 
inflated flanks a subrounded venter and an 
impressed subrounded dorsum. 

Ornament on the helix consists of sharp, 
rursiradiate sinusoidal ribs which arise in groups of 
two or three at the umbilical edge. The change from 
helical to planispiral coiling is accentuated by a 
sharp change in direction of ribbing from sinusoidal 
to essentially radial. Occasional bifurcations occur 
at the umbilical edge and rarely on the ventrolateral 
part of the flanks. As can be seen from the 
specimens illustrated density of ribbing is variable 
in both the helix and the planispiral section. This is 
here regarded as within the limits of intraspecific 
variation. 
Discussion. This is the most common colchiditid at 
locality 170 and in places forms a lumachelle (Fig. 
IOD). According to the number of whorls in the 
helix and the planispiral section, the material should 
be referred to the group of Colchidites colchicus, as 
was proposed by Klinger (1976). However, the 
absence of any uncoiled pans (shaft and crozier) or 
even signs of uncoiling are unusual in this species 
group. The specimens consist either of helices or 
helices plus parts of the planispiral whorls. The fact 
that some of the specimens occur in drifted shell 
beds indicates some post-mortem transport, damage 
and probably even sorting, but even so, one would 
expect to find at least parts of an uncoiled section, if 
developed, especially as the uncoiled parts of 
Heteroceras (H.) elegans survived more-or-le�s 
intact. Either an uncoiled section was never 
developed in this form or the assemblage consists 

Dimensions; (See Kakabadze, 1971, p. 7, text-fig. 
I for explanation of abbreviations). 

Specimen 

L54/L5 

h D 

31,0 

entirely of juveniles as a result of segregation in life 
or post-mortem current-sorting. Perhaps juveniles 
with helical and planispiral stages of development 
lived in a nearer shore, shallower water 
environment whereas the ancyloceratid adult forms 
lived elsewhere. We cannot tell. 

As far as coiling and ornament are concerned, the 
Zululand specimens are very similar to the 
Caucasian species C. vulanensis Egojan (1965, p. 
119, pl. I, figs la-b, 3; pl. 2, figs 1-2) (herein Fig. 
4, D-F; Fig. 5) differing from it mainly by the more 
flattened and broader venter in the planispiral stage 
and the absence of a loosely coiled stage ( of doubtful 
significance - see above). We doubt if these 
differences merit more than subspecific status, and 
accordingly separate the Zululand material from 
that of the Caucasus merely at subspecific level. 

Another similar species is C. sarasini Rouchadze 
(1933, p. 250, pl. 18, fig. 3; pl. 19, fig. I) but this 
has a different whorl section (trapezoid with a 
narrower venter). 
Occurrence. Upper Barremian of Zululand. 

Genus Paraimerites Kakabadze, 1967 

Type species. Heteroceras densecostatum 
Renngarten, 1926, from the Upper Barremian of the 
northern Caucasus. 
Diagnosis. The shell consists of helical, planispiral 
and ancyloceratid parts, as in Colchidites. The 
helical whorls are ornamented by fine, dense, 
asymmetrically curved single ribs. At the onset of 
planispiral coiling, intercalated (and rarely 
bifurcating) ribs and ventrolateral tubercles appear. 
Occurrence. Upper Barremian of the Caucasus, 
Turkmenistan and Zululand. 

Paraimerites haughtoni sp. nov.

Fig. 10, A-C. 
1976 Paraimerites sp. Klinger, p 18, pl. 2, fig. la-b; pl. 
3, fig. 3; text-fig. 6h. 
Holotype. SAS-L54 from an imprecise horizon at 
locality 170, Mlambongwenya Creek, northern 
Zululand, Makatini Formation, Upper Barremian. 
Derivation of name. For the late Dr. S. H. 
Haughton. 

H E 0 

11,0(35,5) 11,0(35,5) 10,0(32,2) 
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Description. The helix is incomplete, with about 
one· and a half dextrally coiled whorls. Ornament 
consists of about 30 rursiradiate sinusoidal ribs. At 
the point of transition between the helix and the 
planispiral part, there is a distinct geniculation and 
crowding of ribbing. On the planispiral section the 
ribs are recti- to slightly prorsiradiate, and 
predominantly single. Each of these ribs bears a 
small node at the ventrolateral angle. Density of 
ribbing on the planispiral part is about 17 per half 
whorl. Body chambers unknown. 
Discussion. As far as ornament is concerned, the 
Zululand species shows similarity to Paraimerites 
semituberculatus (Rouchadze) (Kakabadze, 1971, 
p. 84, pl. 20, figs a-b, 2, 4, 6) and P.

ladjanuriensis (Rouchadze) (Kakabadze, 1971, p.
89, pl. 22, fig. 3a-b), but has an essentially square
whorl section on the planispiral part as compared to
compressed and pyriform in the two Caucasian
species.
Occurrence. Upper Barremian of Zululand.

Paraimerites sp. ex. gr. P. gumbriensis 
(Rouchadze, 1933) 

Fig. 10, E-F. 
Compare: 

1933 lmerites gumbriensis Rouchadze, p. 265, pl. 22, 
figs 3-4. 
197 I Paraimerites gumbriensis Rouchadze; Kakabadze. 
p. 89, pl. 22, figs 5-7.

Material. Uncatalogued block of colchiditid
lumachelle in the collections of the Department of
Geology, University of Pretoria (Boshoff
Collection). Only one specimen of Paraimerites is
exposed.
Description. The helix is small, consisting ot" more
than three contiguous whorls. The planispiral

, whorl remains in contact with the helix. Initially
the ·whorl section is elliptical in the planispiral
whorls, but with increasing diameter becomes
subrectangular and compressed with gently inflated
flanks.

Ornament on the last helical whorl consists of 
dense, slightly curved ribs. On the planispiral 
whorls strong single ribs occur as well as ribs 
which bifurcate at mid-flank and intercalate. The 
ribs are broadened on the veneer and bear a pair of 

Dimensions (see Kakabadze, 1971, p. 7, text-fig. 1 
for explanation of abbreviations). 

Specimen h h 1 D 
Univ. Pret. 28,5 

weak ventro-lateral tubercles. 
Affinities. As far as the ornament and coiling is 
concerned, the specimen bears resemblance to 
Paraimerites gumbriensis (Rouchadze) (See 
Kakabadze, 1971, p. 89, pl. 22, figs 5-7), but 
differs from this species by the whorl section with 
its more inflated flanks and broader venter. 
Occurrence. Upper Barremian of Zululand. 

DISCUSSION 

Almost a decade ago, the distribution of the 
heteroceratids and colchiditids could have been 
described as essentially Tethyan in the sense of 
Kauffman (1973, p. 359) with major centres of 
occurrence in the southern parts of the USSR 
(Caucasus and Turkmenistan) and only sporadic 
records from Central Asia, Turkey, Romania, 
Bulgaria, Italy, France, Spain, Tunisia, Algeria 
and Morocco in the Indo-Mediterranean Region. 
Isolated reports of Heteroceratinae from the New 
World came from California, Mexico, Peru, 
Colombia and Cuba, but still essentially within the 
limits of the Tethyan Realm (sec Kakabadze, 1971, 
p. 20, text-fig. 5; 1975, p. 65, text-fig. 2). No
representatives were known from the Boreal or
North Temperate Realm of Kauffman (1973, p.
367). The Heteroceratinae were thus a typical
example of a latitudinally restricted ammonite
group (see e.g. Kennedy & Cobban, 1976, p. 54).
The single, casual report of Heteroceras from
Tanzania by Spath (1930, p. 135) represented the
southernmost limits of occurrence along the east
coast of Africa.

Since then, representatives of the subfamily 
Heteroceratinae have been reported from much 
more northerly latitudes in British Columbia 
(Canada) (Jeletzky, 1976, p. 87) and Japan (Obata, 
Matsukawa, Tsuda, Futakami & Ogawa, 1976, 
Obata & Ogawa, 1976) as well as in the southern 
hemisphere in Zululand and as far south as 
southern Patagonia (Blasco, Nullo & Ploczkiewicz, 
1980), giving the Heteroceratinae distribution from 
about 70° N to 60° S during the Barremian 
according to current reconstructions of the 
continents (Smith, Briden & Drewry. 1973). These 
extreme northern and southern occurrences do not 

H 

13, 1 (46,0) 
E 0 

9,3(32,6) 
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represent isolated examples of what might be 
regarded as post-mortem drift of occasional shells 
but rich assemblages. The sheer amount of 
colchiditid material from Zululand (Fig. 10 D) 
clearly illustrates the point. Similarly Heteroceras 
(H.) cf. heliceroides occurs so commonly in British 
Columbia that it is utilized as an index fossil for the 
Upper Barremian of western Canada. As yet, no 
heteroceratid has been reported from typical boreal 
regions, and we have to conclude that they were an 
essentially warm water group, or, according to 
Kauffman's classification for bivalves (1973, p. 
358) "inter-realm warm water forms" which occur
both in the Tethys and in one or both of the
temperate zones that bordered it (Fig. 1).

Under present-day circumstances such a wide 
distribution on either side of the equator would be 
unthinkable, even amongst the most eurythermal 
cephalopods, thus lending further credibility to the 
generally accepted view that climate during the 
Cretaceous was much warmer than at present, and 
that steep thermal gradients from the equator 
towards the poles as present now, were not as well 
developed (see e.g. Frakes, 1979, p. 168-178 for a 
discussion). 

Judging by the diversity and abundant 
occurrence of Heteroceratinae in the west 
European part of the Tethys, the latter (or more 
exactly the Silesea-Bulgaria region where 
Heteroceras appears at the base of the Barremian) 
was probably the centre of origin and of dispersal 
of the group. The dispersal from this centre to the 
remaining part of the Tethyan Faunal Realm 
provides little difficulty if the concept of a 
westward-flowing, circumglobal, equatorial 
current as proposed by Gordon ( 1973) is accepted. 
This would account for the circum-Mediterranean 
occurrences, as well as those near the Cretaceous 
equator in the New World - Cuba, Colombia, 
Northern Peru, Mexico and California (Fig. I). 
The presence of Heteroceratinae at high }attitudes 
in the Pacific in the northern hemisphere (British 
Colombia) may be explained by the presence of a 
"clockwise gyre, with a warm Kuroshio (Japan) 
current flowing nonh" (Gordon, I 973, p. 276). 
(Fig. 1). 

Less easy to resolve are the migration routes 
between the Mediterranean parts of the Tethys and 
East Africa, Zululand and Patagonia. The 
southward extension of the Tethyan Fauna! Realm 
along the east coast of Africa to a greater or lesser 
degree during the Cretaceous is a well-known fact, 
as indicated by the presence of typical Tethyan 

elements in Madagascar and Zululand (e.g. 
Kauffman, 1973,p.359;Gordon, 1973,p.276).A 
definitive comparison of typical Tethyan and 
Zululand Barremian faunas must await a detailed 
description of the whole of the latter, but initial 
identifications, especially of the heteromorph 
ammonites, shows that comparisons may even be 
drawn at specific level in some cases. Thus the 
lowermost bed at locality 170 in Zululand yields as 
yet undescribed crioceratitids identical with those 
occurring in southern France (G. Thomel personal 
communication, 13.11.1975). Higher up in the 
section we have Heteroceras (H.) elegans 
otherwise only described and known from the 
Upper Barremian of the Caucasus. Similarly 
Colchidites vulanensis (although separated at 
subspecific level in Zululand) are also only known 
from the Upper Barremian of the Caucasus. The 
genus Paraimerites. even though represented by 
different species in Zululand, was also previously 
unknown outside the Caucasus and Turkmenistan. 

Unfortunately Barremian outcrops connecting 
those of southern Africa with the caucasian pan of 
the Tethys are rare. Forster (1975a, p. 150) 
records a single specimen of Emericiceras from the 
southern part of Mozambique, indicating the 
presence of marine Barremian sediments. Marine 
sediments of Barremian age are scarce in 
Madagascar, and only small outcrops are known 
from the West coast, north of Antsalova 
(Collignon, 1962, p. 95). These have yielded a 
sparse fauna consisting of Phyllopachyceras 
infundibulum (d'Orbigny), Eulytoceras phestus 
(Matheron) and Protacrioceras hourcqui 
Collignon. Spath (1930, p. 135) recorded 
Heteroceras from the Tendaguru Beds of 
Tanzania. Thus despite the paucity of outcrop and 
consequent uncertainty about the exact position of 
the connection, the fauna! similarities between 
southern Africa and the caucasian part of the 
Tethys are too striking to be merely coincidental 
and they indicate a fully marine connection 
between these regions during the Upper 
Barremian. This close fauna) similarity continues 
well into the Aptian (Forster, 1975a, Klinger & 
Kennedy, 1977). Thereafter both cosmopolitan and 
endemic forms occur in Zululand and the close 
similarity· between the Tethys and Zululand 
becomes blurred. 

Equally interesting is the fauna! affinity between 
the heteroceratids of southern Patagonia and 
southern and eastern Africa. Blasco et al. ( 1980) 
recently reported the occurrence of Colchidites aff. 
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C. colchicus from Tucu-Tucu in the Santa Cruz
Province of southern Argentina. Thus at generic
level Colchidites can be traced all the way from the
Tethys along the east coast of Africa down to
Patagonia. The most obvious migration route
would have been around the southern part of
Africa, but the possibility that they may have
reached Patagonia via an anti-clockwise gyre along
the west coast of South America cannot be ruled
out completely. However, in view of current views
that the break-up of the south-western part of
Gondwanaland dates from as far back as circa 172
m.y .b.p., the former migration route is favoured.

Open, albeit probably intermittent marine
\onnection between the Patagonian Basin and the 
Mozambique Channel had already been inferred to 
exist since Upper Jurassic time on the basis of 
various faunal assemblages (Westermann & 
Riccardi, 1975; Cecioni & Charrier, 1974; 
Riccardi, 1977), which further favour a direct 
migration route between Patagonia and Zululand. 
In addition, the faunal assemblage spanning the 
Barremian/ Aptian boundary at Tucu-Tucu is 
remarkably similar to that a locality 170 in 
Zululand. In both areas the Upper Barremian is 
characterized by Colchidites. Emericiceras and 
Sanmartinoceras. whereas the Lower Aptian yields 
loosely-coiled ancyloceratids. The specimen 
figured by Blasco et al. (1980, p. 48, pl. 1, figs 
1-3) as Tropaeum aff. T. bowerbanki is very
similar to Ancyloceras (Adouliceras) cooperi
Klinger & Kennedy, otherwise known only from
the Lower Aptian of Zululand and Mozambique.

Even though several examples of heteromorph 
ammonites with essentially cosmopolitan 
distribution are now known (e.g. Turrilites
costatus Lamarck: Kennedy & Cobban, 1976, text
.(Ig. 12), it is nevertheless surprising that the 
leteroceratinae, where up to three different coiling 

strategies and presumably also different modes of 
life were adopted during the ontogeny, were 
capable of such wide distribution. The shell form in 
the Heteroceratinae is ill-suited for rapid 
swimming in the adult stage (with the possible 
exception of Colchidites gr. ex. shaoriensis).
According to palaeoecological data from Georgia 
(Kakabadze, 1967b) colchiditids of the groups of 
C. ex. gr. intermedius and C. ex. gr. colchicus (to
which latter the Zululand and Patagonian species
belong), were typical inhabitants of near-shore,
shallow-water environments. The fauna)
association, as well as the presence of abundant
wood in the form of lignite chips, logs and well-

preserved leaf impressions in Zululand supports 
Kakabadze's views. Colchiditids of the group of C. 
ex. gr. shaoriensis (where the planispiral part of 
the shell is best developed, and where an uncoiled 
hook is presumably absent) appear to have been 
inhabitants of relatively deeper-water 
environments according to the data of Kakabadze 
( 1967b) who suspected that the animals were 
benthonic in the helically-coiled stage, and only 
became nektonic in the planispirally-coiled stage. 
During the adult ancyloceratid stage the animal was 
probably a passive drifter (see Klinger, 1980, p. 
346 for discussion). The most effective stage for 
dispersal would have been in the immediate post 
hatching juvenile stage or in the nektonic or 
planktonic stage. Common sense would suggest 
that forms capable of active swimming and 
inhabitants of deeper-water environments (C. ex. 
gr. shaoriensis) would be those with the widest 
dispersal. On the contrary, however, those forms 
with widest dispersal appear to have been the least 
streamlined, ill-suited to swimming, and 
inhabitants of near-shore shallow-water 
environments (C. ex. gr. Heteroceras (H.) spp.) 
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Fig. I. Map showing distribution of Colchidites and Heteroceras s.s. during the Upper Barremian and their 
probable migration routes. Heavy dashed lines indicate boundaries of the Tethyan Realm, modified after 
Kauffman, 1973. Base map after Smith, Briden & Drewry, 1973 and Gordon, 1973. 

51 



52 H.C. KLINGER, M.V. KAKABADZE& W.J. KENNEDY 

,/ 

Fig. 2. Heteroceras (Heteroceras) elegans Rouchadze, 1933. A-B: BMNH-C80025, C80025a, C80025c. The 
nearly complete specimen on the left is C80025a; the septate straight haft in the middle is C80025, the helix and 
impression of the straight shaft on the lower right is C80025c. C: BMNH-C80026a-b; C80026a is the lower 
helix; C80026b the upper. D-F: BMNH-C80028. All specimens are from locality 170, Zululand, Makatini 
Formation, Upper Barremian. x 2. 
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Fig. 3. Heteroceras (Heteroceras) elegans Rouchadze, 1933. A-C: BMNH-C80025b; D-F: BMNH-C80029; 
G: BMNH-C80025a. All specimens are from locality 170, Zululand, Makatini Formation, Upper Barremian. x 
2. 
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Fig. 4. A-B: Heteroceras (Heteroceras) elegans Rouchadze, 1933. The holotype, GIT 350/1016 from Foresha, 
Western Georgia, Upper Barremian, zone of Colchidites securiformis. x l. C: Heteroceras (H,) elegans 
Rouchadze, 1933. A topotype specimen from Western Georgia. Coll. G.I.T. x I. D: Colchidites vulanensis 
Egojan, 1965. Copy of paratype figured by Egojan 1965, pl. 2, fig. I. E: Colchidites vulanensis Egojan, 1965. 
Copy of paratype figured by Egojan, 1965, pl. 2, fig. 2. F: Colchidites vulanensis Egojan, 1965. Specimen 
from Goresha, Western Georgia, Coll. G.I.T. x I. 
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Fig. 5. Colchidites vulanensis Egojan, I 965. Copy of holotype figured by Egojan, 1965, pl. I, fig. I. x I. 
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A B C D 

Fig. 6. Colchidites vulanensis Egojan australis ssp. nov. A-D: SAS-3044/L54, the holotype; E-F: SAS
L54/36hi paratype. All specimens from locality 170, Zululand, Makatini Formation, Upper Barremian. X I. 
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Fig. 7. Colchidites vulanensis australis ssp. nov. A-B: BMNH-C80013; C-F: BMNH-C80017, both paratypes. AH 
specimens are from locality 170, Zululand, Makatini Formation, Upper Barremian. X 1. 
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Fig. 8. Colchidites vulanensis australis ssp. nov. A-D: BMNH-C80016; E-H: BMNH-C80018; 1-L: BMNH
C80019 all paratypes. All specimens are from locality 170, Zululand, Makatini Formation, Upper Barremian. x 
l.
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Fig. 9. Colchidites vulanensis australis ssp. nov. A-C: BMNH-C80024; D-F: BMNH-C80023; G-J: BMNH
C80020; K-N BMNH-C80022; all paratypes. All specimens are from locality 170, Zululand, Makatini 
Formation, Upper Barremian. A-F x 2; G-N x 1. 
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Fig. 10. A-C: Paraimerites haughtoni sp. nov. SAS-L54/L5. D: Example of colchiditid lumachelle, with 
Paraimerites sp. ex. gr, P. gumbriensis (Rouchadze, 1933) on lower right hand corner; juvenile specimen of 
Sanmartinoceras (S.) africanum Kennedy & Klinger, 1979 near centre. BoshoffCollection, Department of 
Geology, University Pretoria. E-F: Paraimerites sp. ex. gr. P. gumbriensis (Rouchadze, 1933). All specimens 
are from locality 170, Zulu land, Makatini Formation, Upper Barn'!mian. A-C x I; D x 0.5; E-F x 2. 


	Untitled.FR12 - 0001
	Untitled.FR12 - 0002
	Untitled.FR12 - 0003
	Untitled.FR12 - 0004
	Untitled.FR12 - 0005
	Untitled.FR12 - 0006
	Untitled.FR12 - 0007
	Untitled.FR12 - 0008
	Untitled.FR12 - 0009
	Untitled.FR12 - 0010
	Untitled.FR12 - 0011
	Untitled.FR12 - 0012
	Untitled.FR12 - 0013
	Untitled.FR12 - 0014
	Untitled.FR12 - 0015
	Untitled.FR12 - 0016
	Untitled.FR12 - 0017
	Untitled.FR12 - 0018

