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South Africa’s oldest ophiuroid fossils provide rare
insights into the origination of the Malvinoxhosan
Realm

Significance:

Recent description of the oldest recorded brittle stars (ophiuroids) from the southern hemisphere revealed
two distinct taxa of early Pragian age (approximately 410 million years old). Whereas one of the brittle stars
belonged to a species previously described from younger strata, the others represent an unusually spiny
taxon formerly unknown to science. Recovered from the 'upper member’ of the Baviaanskloof Formation
(the uppermost unit of the Table Mountain Group), they offer insights into the earliest recorded phase of the
endemic Malvinoxhosan Realm, deposited in polar regions of the ancient supercontinent of Gondwana, and
better known from the overlying Bokkeveld Group.

Palagontology gives us windows into the past and is our only source of direct evidence for the history of life on
earth, together with the evolution of the biosphere. It elucidates the increasing complexity of life systems and their
response to changing continental configurations, resultant ocean currents, climatic shifts and extinction events.
Some of the latter, including the End Devonian Extinction Event, are widely believed to, in turn, result from the
evolution of novel biota.!

Our view of the past is, however, extremely patchy, often consisting of disconnected glimpses of life in different
places at different times. It relies not only on the burial of organisms within suitable sediments, but also on the
ultimate burial of those sediments in the earth’s crust and their re-exposure at the surface during the brief tenure
of current academia.

The evidence that we rely on therefore consists of patches of knowability within a matrix of temporal and spacial
unknowns. As palaeontologists, we strive to expand the scope of what we know and drive back the boundaries of
the unknown.

South Africa’s earliest rocks from the Phanerozoic Eon, debatably ranging from the Middle Ordovician Period
(around 460 million years ago) until the Early Devonian Period (around 410 million years ago), constitute the Table
Mountain Group, the oldest of three major subdivisions comprising the Cape Supergroup (Figure 1).2 Sediments
were deposited in a number of rift generated sedimentary basins, largely by river systems, with occasional
marine incursions.? Most important of these basins was the Agulhas Basin, which would persist until late in the
Carboniferous Period, accumulating a near continuous sedimentary sequence, which also includes the overlying
Bokkeveld and Witteberg groups of the Cape Supergroup (Figure 1).3 These strata, extending parallel to the coast
from the Cederberg in the Western Cape to Fish River in the Eastern Cape, preserve an unparalleled record of early
Palaeozoic life from the southern polar region of what was then Gondwana (a supercontinent which much later
split into Africa, South America, Antarctica, Australia and India). The sandstone dominated Table Mountain Group,
represents the Cape Supergroup’s initial primarily fluvial stage.? As very little continental life existed during these
time periods, this interval contains very few fossils. Trace fossils, in the form of invertebrate movement and feeding
traces, do occur at various horizons, often associated with episodic marine incursions. The early Late Ordovician
Graafwater Formation (beautifully exposed along Chapman’s Peak drive in the Western Cape) exhibits a wide range
of such ichnotaxa, as do sparse localities within the overlying Peninsula and Pakhuis formations.? A single body
fossil containing formation within this time interval comprises the Late Ordovician Cedarberg Formation.? Cedarberg
Formation fossils are largely concentrated within the Soom Shale Lagerstitte, a fine-grained clay horizon deposited
during brief flooding of the Agulhas Basin in the immediate aftermath of the Hirnantian glaciation. Characterised
by exceptional preservation of their soft tissues in clay minerals, the fossils represent a low-diversity cold-water
community including giant conodonts, unarmoured jawless fish, lobopods, brachiopods, orthoconic nautiloids and
trilobites.* Associated plant spores provide southern Africa’s first evidence for terrestrial plants.> Low diversity plant
spores are also recovered from the more sparsely fossiliferous overlying Disa Member of the Cedarberg Formation,
tentatively assigned to an earliest Silurian age on the basis of brachiopod fauna.®

Afarmore substantial fossil record characterises the overlying Bokkeveld and Witteberg Groups (Figure 1), deposited
after subsidence and extensive marine flooding of the basin initiated during the early Devonian period. Although
first evidenced in the Baviaanskloof Formation (and western equivalent Rietvlei Formation) of the uppermost Table
Mountain Group#, this flooding resulted in a fully marine depositional setting for the mudstone dominated Ceres
Subgroup (lower Bokkeveld Group), estimated to range in age from the mid-Pragian (approximately 409 million
years ago) to late in the Eifelian (approximately 388 million years ago).®

The Ceres Subgroup contains an abundant and diverse record of endemic cold-water marine invertebrate faunas,
also characteristic of contemporary strata of South America, west Antarctica and the Falkland Islands. These are
largely associated with sediments laid down in lower shoreface, offshore transition zone and offshore environments
below wave base? and form a biotic realm that can be traced upwards as high as the Waboomberg Formation,
lowermost formation of the upper Bokkeveld Bidou Subgroup of late Eifelian to earliest Givetian age.®

The well-known fauna characteristic of the lower Bokkeveld Ceres Subgroup (and Waboomberg Formation) is
traditionally referred to as the Malvinokaffric Realm, in acknowledgement of its commonality with faunas recovered
from the Falkland Islands (Malvinas), South America and west Antarctica, although a name change to Malvinoxhosan

1 Volume 120| Number 11/12
November/December 2024


https://dx.doi.org/10.17159/sajs.2024/18896
https://crossmark.crossref.org/dialog/?doi=10.17159/sajs.2024/18896&domain=pdf&date_stamp=2024-12-04
https://www.sajs.co.za/associationsmemberships
https://www.sajs.co.za
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5441-9614
https://orcid.org/0000-0003-0493-4102
https://doi.org/10.17159/sajs.2024/18896
https://doi.org/10.17159/sajs.2024/18896

Insights into the Malvinoxhosan Realm

%o Page 2 of 4
A B
va ____ Age i Age Formation
sarson] P Karoopoort |- %7 - I
o Osberg S e |
Witpoort 8
g Givetian 5
3722116 — R ol o Klipbokkop
I 2|3 >
§ §’ Swartruggens 0 1
@ S T .
1 387.7£08 — S Wauppertal/Karies | . *
[e]
3627416 — Blinkberg ) g
" Wagen Drift_| = o
s o 5
e [overen| | o ie] o Waboomberg
-2 fud
[
= O
wrrs00 {0l : C o) Boplaas
EE i Eifelian | © ot
1 A c 5 ra-Tra o
Eifelian | '© O ~ [
g - S 2 Y ‘ ‘=
B ©  HexRuwer | o [o N =] Hex River ©
m |9 =
o512 3 Q 5
) £ camka o
Esmian g™ = Voorstehoek
- |2 Gyd 393312 — 2
4076426 F ydo
W pragi (72]
19223 E . O Gamka
& = Skurweberg smian
E £
(2] S Goudini
z 407.6 £2.6 —| Z
38215 — Cedarberg [ Gydo
""" Pakhuis _ m .
W | Pragian
Q.
= s ‘—2;&
410.8 2.8 ——f O o Rietvlei/ A ey
. — i
Lochkovian 10 g Baviaankloof
419.2 3.2 c -g')
.% cC . .
% = S |2 skunweberg + Fluvial to
2 ol O |3 :
c - Clo s (3 .| shoreface
S & . = 2
3 =0 O | ©
2 - (7)) o |Z
O © Goudini
=
—=T Shale/Mudstone |4 , | Tillite
Graafwater =
o o o O
bo o Sandstone o©| Conglomerate
Piekenierskloof ° o © hd
o © R . . .
o o -~ | Siltstone 2@ Ophiuroids
o o =

Source: Created by Shawn Johnstone, reproduced under a

Figure 1:
the recently described high-latitude Brittle stars.®%

bioregion has been introduced in response to sensibilities regarding the
word ‘Kaffraria’.'? A huge diversity of marine invertebrate fossils are
recorded from this realm, representing 142 genera, including 41 molluscs
(of which 24 are bivalves, 8 are gastropods and 3 cephalopods), 34
brachiopods, 36 echinoderms (including 10 crinoids, 2 asteroids/starfish,
6 ophiuroids/brittle stars and 18 of other classes), 15 trilobite arthropods,
6 ostracod arthropods, 9 cnidarians (including 5 anthazoans/corals and
4 conularias), 1 poriferan (sponge), as well as a number of ostracods,
hyolithids and tentaculitids.® Of these, 37 genera are entirely endemic
to the Malvinoxhosan realm.® Changing depositional environments
within the Agulhas Basin, combined with global changes in climate and
oceanic currents, probably resulted in a collapse of the Malvinoxhosan
realm during the Givetian, with subsequent faunas belonging to a post-
Malvinoxhosan Realm, characterised by rapidly declining representation
of endemic genera, an increased proportion of cosmopolitan taxa, and
generally reduced diversity.?
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Stratigraphic column of (A) the Cape Supergroup and (B) upper Table Mountain Group and Bokkeveld Group, illustrating the stratigraphic context of

The origination of the Malvinoxhosan Realm presents a tantalising
research question. Fossil bearing marine sediments are largely absent
from the South African geological sequence in the interval between strata
hosting the distinctive Ordovician cold-water fauna of the Cedarberg
Group (Table Mountain Group) and those hosting the early to mid-
Devonian Malvinoxhosan faunas of the Early Devonian lower Bokkeveld
Group (Figure 1A). Between these lies the Nardouw Subgroup of the
Table Mountain Group. Its lowermost subdivision, the Goudini Formation,
comprises sandstones of fluvial and nearshore origin, entirely lacking in
known body fossils."® This is overlain by massive, entirely unfossiliferous
fluvial to shoreface quartzites of the Skuweberg Formation which
comprises the middle unit of the Nardouw Subgroup.' The uppermost
unit of the Nardouw Subgroup (and of the Table Mountain Group),
formerly known as the ‘Passage Beds'*® is the Baviaanskloof Formation
and its western lateral equivalent, the Rietvlei Formation.® This Formation
records the transition from the fluvially dominated Table Mountain Group
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to the marine dominated Bokkeveld Group (Figure 1B). It is informally
subdivided into a ‘lower member’, a middle Kareedouw Member and an
‘upper member’. The Kareedouw Member preserves apparent paralic
estuarine black mudstones rich in terrestrial plants, although no marine
invertebrates. The diverse flora of this unit suggests a Lochkovian
(earliest Devonian) age.®

However, the Baviaanskloof Formation’s upper member contains thin
storm deposits of nearshore brachiopods and a low diversity of other taxa.
These include the earliest records of Malvinoxhosan indicator taxa, and the
combined fauna of the unit has been defined as the ‘Eo-Malvinoxhosan’.?
Prior to the ophiuroids recently described from this unit, only 13 taxa of
invertebrates had been recorded, including 1 taxon of bivalve, 1 gastropod,
9 brachiopods, an indeterminate sponge and crinoid remains. All but three
of these are also known from the overlying ‘Established Malvinokaffric
Realm’, with the majority being Malvinoxhosan endemics.® This suggests
that much of the diversity seen in the overlying Bokkeveld Group may have
a deeper history, ‘off-stage’ as it were, in deeper marine settings that are not
recorded within our stratigraphic sequence.

In the Eastern Cape, the upper member largely represents shoreface
and foreshore deposits'® containing faily monotaxic, well-sorted,
storm deposits of shallow water Proboscidina brachiopods (personal
observations of RW.G.), that, although endemic, are not found in the
Bokkeveld Group®. Small, highly informative windows into greater diversity
are occasionally encountered. A silty to muddy interval, indicative of
greater transgression, occurs just above the base of the upper member in
the Mpofu Dam section (near Humansdorp). This reveals a bed of shells
of Australocoelia, a classic and near ubiquitous endemic taxon of the
‘Established Malvinoxhosan Realm’ — indicating their generally unrecorded
proximity in adjacent, slightly deeper water, marine habitats. Approximately
50 cm above this horizon, evidently buried whilst sheltering in a thin storm
deposit of Proboscidina shells, a single entire ophiuroid was discovered
during fieldwork by R.W.G. (Figure 2). Taxonomic work published in Reddy
et al."® establishes it to be Hexuraster weitzi (Spencer, 1950)'7'8, a taxon
previously described from the Gydo Formation. This provides the earliest
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record of an ophiuroid in the southern hemisphere, and again suggests
a temporally deeper origination of classic Malvinoxhosan taxa than is
normally recorded from our sedimentary record.

Approximately 3.5 kilometres to the southeast of the Mpofu Dam section,
at a slightly higher stratigraphic horizon within the upper member of the
Baviaanskloof Formation, fieldwork (by R.W.G.) revealed a relatively thick
(approximately 10 cm) tempestite lens of Proboscidina shells. This
deposit, only a few metres across, contained remains of a small
population of ophiuroids representing both adults and juveniles. Preserved
in life positions, twined amongst the shells (Figure 3), they undoubtedly
inhabited the sheltered environment prior to being smothered by a pulse of
mud washed out of a nearby river mouth. Bearing thorn-like spines on their
dorsal disc and running the length of their arms, they were revealed to be
an entirely new genus and species, Krommaster spinosus (Reddy et al.,
2023)'¢, now known only from this single lens of rock.

These windows into the pre-Bokkeveld Malvinoxhosan Realm suggest that
the marine faunas typical of the lower Bokkeveld Group were already present
during deposition of the uppermost Table Mountain Group, though at slightly
deeper water depth than normally recorded in the sedimentary sequence.
Furthermore, the discovery of a unique taxon in a single serendipitously
preserved lens demonstrates that much of the early, shallow water diversity
of the Malvinoxhosan Realm may yet await discovery. The low diversity of
marine invertebrates so far described from the Eo-Malvinoxhosan may be
ascribed to a number of factors. Firstly, preservation is far rarer than in the
fossil-rich shallow marine muds of the lower Bokkeveld Group, including
only occasional glimpses of life beyond the low diversity foreshore and
shoreface environment. Secondly, exposure of fossil sites is less frequent,
the resistant hosting sandstones tending to form weathered hilly country
in which softer fossiliferous lenses are destroyed near the surface by
weathering. In this regard, it is also worth considering that the fossil-rich
mudstones of the lower Bokkeveld Group are a preferred source of soft
aggregate for surfacing untarred roads — leading to frequent exposure
of fresh material in borrow pits and quarries, from which much of the
historically collected material originates. Clearly, more targeted fieldwork

Photo: Robert Gess

Figure 2:
Baviaanskloof Formation (Table Mountain Group).
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Photo of an approximately 10 cm diameter specimen of Hexuraster weitzi (Spencer, 1950)'-® in situ in strata of the Upper Member of the
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Photo: Caitlyn Reddy

Figure 3:

Photo of an approximately 10 cm diameter specimen of Krommaster spinosus spinosus'® recovered in life position from a brachiopod lag deposit

in the Upper Member of the Baviaanskloof Formation (Table Mountain Group).

within the Baviaanskloof and Rietvlei Formations is required to locate and
study the rare palaeoecological windows that they present, in order to better
understand the emergence of the Malvinoxhosan Realm.
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