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STRATIGRAPHIC CONTEXT OF THE STRATA AT MATJESGOEDKLOOF
The succession exposed at Matjesgoedkloof has previously been mapped as Peninsula Formation
(fluvial to shallow marine sandstones), resting unconformably on top of metamorphosed strata of
the Ediacaran-Cambrian Vanrhynsdorp Group after work by Rust and Theron (1964) and Rust
(1967, 1981) [Figure S1].
At Matjiesgoedkloof, Rust and Theron (1964) and Rust (1967) noted that Peninsula Formation
underlies rocks of the Pakhuis and Cedarberg formations. Here the Peninsula Formation was
originally defined by two lithodemic units, a “basal conglomerate stage” and the overlying
“lower sandstone stage” (Rust and Theron, 1964). The basal conglomerate stage was described
as being usually less than a meter thick, poorly-sorted, polymict breccia conglomerate with clasts
thought to have been derived from the basement and further afield. Rust and Theron (1964)
noted that this basal conglomerate stage directly overlies the Vanrhynsdorp and Gifberg groups
along an irregular undulating unconformity throughout most of the Kobe and Matzikamma
mountains, disappearing north of Matjiesgoedkloof. The lower sandstone stage was described as
being a medium grained quartz arenite sandstone with thin conglomeratic beds and pebbly
stringers in places (Rust and Theron, 1964). It was further noted by the authors that the lower
sandstone stage characteristically pinches and swells in outcrop and has an irregular thickness

when traced out along the Kobe Mountain, as such, the basal conglomerate stage too has an



irregular thickness with respect to the lower sandstone stage. The lower sandstone stage was
further noted by the authors to disappear north of Matjiesgoedkloof.

Overlying this lithodemic succession, is a succession of lower muddy diamictites that
progressively grade upwards into shales and mudrocks, the “shale-mudstone stage” of Rust and
Theron (1964). The lowermost muddy diamictites were noted by Rust and Theron (1964) in the
general Vanrhynsdorp area to comprise polished and well-faceted, striated extraclasts of jasper,
chert and other metasedimentary rocks derived from the Nama Group. This characteristic
diamictite was referred to later by Rust (1967) as the “Kobe diamictite” or the “Kobe member”,
the lowermost subdivison of the Pakhuis Formation, restricted to the northern most regions of the
Cape Supergroup. In places north of Matjiesgoedkloof, the Kobe member was demonstrated to
onlap the Vanrhyndorp and Gifberg groups directly (Rust and Theron, 1964). The shales and
mudrocks which succeed these tillites would later be referred to as the Cedarberg Formation
(Rust, 1967).

Further to these observations of the Peninsula, Pakhuis and Cedarberg formations, Rust and
Theron (1964) further noted that there is a conspicuous (and relatively rapid) thinning of the
Peninsula Formation in the area north of the towns of Klawer and Doringbos. The exact point to
where they considered the Peninsula Formation (i.e. their basal conglomerate and lower
sandstone stages) itself to pinch out was roughly determined to be around Matjiesgoedkloof
which is currently shown on geological maps (Fig S1). North of Matjiesgoedkloof, the Pakhuis
Formation (and in turn, the Cedarberg Formation) directly overlies the Vanrhynsdorp and
Gifberg groups.

We interpret the “basal conglomerate and lower sandstone stages” of the Peninsula Formation

identified by Rust and Theron (1964) and Rust (1967) to in fact be a succession of basal sandy



diamictite and related sandstone deposits of the Pakhuis Formation that accumulated within a
glacial setting and not as a subaerial deflation/erosion surface as previously alluded to by Rust
and Theron (1964) and Rust (1967). As noted by Rust and Theron (1964) and Rust (1967) this
basal conglomerate of the Peninsula Formation is present in places in the northern extremities of
the basin where the area of study is located. Given the poorly sorted polymict nature of
extraclasts present in the lowermost portion of the stratigraphic succession and that some of these
clasts are clearly striated it is reasonable to assume that this basal conglomerate is a diamictite
and that it is glacial in origin. Since the outcrop area is located in the extreme northern limits of
the basin it is further not unreasonable to assume that one would encounter sandier diamictites
and associated ice margin outwash sandstones as proximal-most expressions in the glacial
depositional system as interpreted in this study. We do admit that these deposits have not been
extensively traced in the field study area and await further studies at a later date. If our thesis is
correct, then one should predict more instances of similar facies and stacking trends, as observed
in this study, to be present in places throughout the basin where ice-marginal sheets ablated,
forming outwash fans.

As noted by Rust and Theron (1964), there is a conspicuous (and relatively rapid) thinning of the
Peninsula Formation in the area north of the towns of Klawer and Doringbos. The exact point to
where they considered the Peninsula Formation itself to pinch out was roughly determined to be
around Matjiesgoedkloof. We noted that the northernmost extent of the Peninsula Formation, as
a single tabular sandstone body, was observed to pinch out altogether in the Matzikamma
Mountains at the northernmost extent of the Op-De-Berg Private Nature Reserve situated ~9.5
km due SE of Vanrhynsdorp and in the Kobe Mountains ~5 km due S of Matjiesgoedkloof. The

succession observed in this study is thus disconnected from the main body of sandstones reliably



identified as the Peninsula Formation by a reasonable distance. We do admit that this is
geographically close to where Rust and Theron (1964) place their northernmost limit of the
Peninsula Formation and would perhaps have to researched at a further date. This relationship
was observed both in the field, as well as with new high resolution satellite photography of the
Matzikamma and Kobe mountains. It is interesting to note that the original geological maps
were made before the advent of high resolution satellite photography and that the basis for the
delineation of lithostratigraphic units was made on the basis of lithodemic principles. It is thus
entirely reasonable that sandier equivalents of the Pakhuis Formation, as described in this study,
could have been equated with the Peninsula Formation.

SEDIMENTARY CONTEXT

The unit comprises sandstones and diamictites deposited under the influence of a low-latitude
ice-sheet during the end Ordovician ice age [Figure S2]. Diamictites rest directly on scoured
Precambrian bedrock and reach a thickness of up to 1.2 metres [Figure S3-S5]. Clasts occur up to
35 cm diameter, are frequently striated and exhibit a wide range of sizes, shapes and BIF, chert,
quartzite, granodiorite and schist lithologies. Other glacial structures include vertically-oriented
and draped dropstones.

Trace fossils and glacial sedimentary structures are contemporaneous - trackways can be seen
diverting around dropstones and Heimdallia burrows extend up to depths of 200 mm into glacial

diamictite [Figures S6 and S7]



Figure S1 (overleaf): Simplified geological map of the field study area. Map created using
1:250, 000 geological data after 3118 Calvinia geological mapsheet (Council for Geoscience,

2001).
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PAKHUIS ’
ICE SHEET

Figure S2. Location of the Pakhuis ice sheet relative to the main Hirnantian ice sheet (After

Torsvik & Cocks, 2017).
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Figure S4. Reworked diamictite within overlying sands




Figure S5. Location of stratigraphic log, showing basal diamictite.
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Figure S7. Detail of basal diamictite and relationship with trace fossils.
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POSSIBLE MICROBIAL TEXTURES

Enigmatic polygonal surface features preserved in epirelief occur on some of the trace fossil
surfaces [Figure S8]. These have resemblance to alpha- or gamma- petee structures (Reineck et
al., 2000). The presence of trackways that cross the raised ridges indicates that they formed a
true substrate at the time of deposition. Other possible microbial features include burst blister

marks (see main text).
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Figure §8. Enigmatic polygons that bear resemblance to petee structures (see also Fig. S5)
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TRACE FOSSILS

Few trace fossils have previously been described from the Matjesgoedkloof locality, without
recognizing the glaciogenic nature of the host sediment: Rust (1967) recognized three unnamed
arthropod trackways; Anderson (1975) recorded “? Petalichnus” (here, Diplichnites) and
Metaichna; Braddy and Almond (1999) recorded “Palmichnium” (here, Diplichnites), Metaichna
and “horizontal burrows”; and Braddy (2001) recorded “Metaichna” with internal spreite

(probably those traces here identified as Heimdallia).

An ichnotaxonomic list, detailing likely tracemakers, follows:

Archaeonassa
Two instances. Trails which consist of regular convex furrows, bounded on either side by low,
narrow, subangular ridges. The furrows may be smooth or crossed laterally by rounded wrinkle
marks (Fenton & Fenton, 1937). These trails are thought to typically have been produced by

gastropod molluscs (Fenton & Fenton, 1937), although a wider variety of invertebrate

tracemakers are possible (Buckman, 1994).

Fig. 9. Archaeonassa




Diplichnites
Six instances, of variable dimensions (Figs. S10-S11). Symmetrical trackways, which consist of
two rows of closely spaced imprints and no medial markings. The imprints are not connected to
one another, although they may overlap, and may be elongate, ellipsoidal, or circular, and
oriented oblique or perpendicular to the trace axis (Trewin & McNamara, 1994). Diplichnites is
known to be produced by arthropods, and may be produced by many different classes including

trilobites, myriapods, eurypterids, and xiphosurans (Radwanski & Roniewicz, 1963; Trewin &

McNamara, 1994).

Fig. S10. Wide
Diplichnites on polygon-

bearing bedding plane
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Fig. S11. Small Diplichnites, with Skolithos

Heimdallia
Burrows comprised of horizontally stacked vertically to sub-vertically oriented spreite, creating
‘barriers’ within the sediment. Burrows range from straight to tightly meandering, and typically
occur in dense associations overprinting and cross-cutting one another. The infill of the burrows
is compositionally the same as the surrounding sediment, and faint striations are occasionally
visible on the burrow walls (Olivero et al., 2004). Heimdallia is thought to record a systematic
feeding trace, although there is some uncertainty over the tracemaker. Both vermiform organisms
and small crustaceans such as decapods have been considered, with the latter deemed most likely
in coarse-grained, granular sedimentary rocks (Bradshaw, 1981). Heimdallia has previously been

identified at this location (in the context of being noted for its restricted stratigraphic range from

16



Late Ordovician to Early Carboniferous: Buatois & Mangano, 2011: their Fig. 13.8; Mangano et

al., 2012: their Fig. 2B).

Fig. S13. Detail of looping form on

bedding plane
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Fig. S14. Heimdallia within diamictite

Metaichna

A regular conical or hemispherical ‘plug-shaped’ burrow, oriented with the apex point directed
stratigraphically downwards. There is typically no structure to the lining or core of the burrow,
and the infill is typically coarser than the surrounding sediment (Anderson, 1975). The

tracemaker of Metaichna is unknown.
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Fig. S15. Metaichna (left of image) cross-cutting into Heimdallia
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?Multina
An irregularly branching horizontal burrow network, where branches may cross each other to
form irregular polygons. The individual burrow shafts are semi-ovular in cross section, with a
straight to curved planform morphology. The infill may have indistinct transverse furrows but
typically no other evidence of internal structure (Orlowski & Zylinska, 1996). Due to the
weathered nature of this specimen it is possible it is a preservational variant of another
ichnotaxon, although Multina is considered most likely. The trace is distinguished from
Heimdallia due to the apparent branching, which is not known to occur in Heimdallia or other
similar vertical spreiten trace fossils (Bradshaw, 1981; Olivero et al., 2004). Multina is thought

to be an infaunal feeding trace, although the tracemaker is unknown (Zapata et al., 2017).

Fig.S17. ?Multina
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Planolites
Unlined burrows with structureless infill which often differs from the surrounding sediment.
These burrows are straight to slightly curved, with an approximately circular cross section and an
absence of branching (Keighley & Pickerill, 1995). The burrows may record deposit feeding
behavior or movement through the substrate, and are likely produced by vermiform organisms,

although molluscan tracemakers are also possible (Keighley & Pickerill, 1995).

Fig. S18. Bedding planes with small Planolites and Diplichnites
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?Protovirgularia
Small, straight to curved trails composed of a series of closely spaced, bilaterally symmetrical
chevronate ridges. The ridges are often connected along the midline by a continuous ridge or
furrow (Han & Pickerill, 1994). A range of possible tracemakers are thought to be responsible
for Protovirgularia, including arthropods, annelids, and bivalves, moving above or below the
surface of the sediment (Han & Pickerill, 1994).
Whilst the repeated chevronate pattern of this specimen most likely corresponds to
Protovirgularia, other ichnotaxa have been considered. As the chevrons appear to become
sharper towards the midline it is possible this trace is instead Glaciichium, an arthropod trackway

taxon known from similar depositional settings elsewhere (Uchman et al., 2008).

Fig. S19.
Protovirgulara in
collections of
Council for

Geoscience,

Bellville
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Skolithos
Simple, unbranched vertical or near vertical tubes, frequently observed in dense concentrations.
Burrows can be lined or unlined, with infill that is homogenous and typically the same as the
surrounding sediment. When viewed in cross section on bedding surfaces, these burrows appear
as raised circles which are not clearly directly associated with any other burrows (Schlirf &
Uchman, 2005). Similar modern burrows are known to be produced by filter feeding

polychaetes, but other tracemakers and life habits are possible (Curran & Frey, 1977).

Fig. S20. Burrow top of a 1 cm wide Skolithos

23



References (see also references in main text)

Anderson, A.M., 1975. The “trilobite” trackways in the Table Mountain Group (Ordovician)

of South Africa. Palaeontol. Afr. 18, 35-45.

Bradshaw, M.A., 1981. Paleoenvironmental interpretations and systematics of Devonian trace
fossils from the Taylor Group (lower Beacon Supergroup), Antarctica. New Zealand Journal of
Geology and Geophysics, 24(5-6), 615-652.

Buatois, L.A. & Mangano, M.G., 2011. Ichnology: Organism-substrate interactions in space and
time. Cambridge University Press.

Buckman, J.O., 1994. Archaeonassa Fenton and Fenton 1937 reviewed. Ichnos, 3(3), 185-192.
Curran, H.A. & Frey, R.W., 1977. Pleistocene trace fossils from North Carolina (USA), and their
Holocene analogues. Trace fossils, 2(Geological Journal Special Issue 9), 139-162.

Fenton, C.L. & Fenton, M.A., 1937. Archaeonassa: Cambrian snail trails and burrows. The
American Midland Naturalist, 18(3), 454-456.

Han, Y. & Pickerill, R.K., 1994. Taxonomic reassessment of Protovirgularia M'Coy 1850 with
new examples from the Paleozoic of New Brunswick, eastern Canada. Ichnos, 3(3), 203-212.
Keighley, D.G. & Pickerill, R.K., 1995. Commentary: the ichnotaxa Palaeophycus and Planolites:
historical perspectives and recommendations. Ichnos, 3, 301-309.

Miéngano, M.G., Buatois, L.A. & MacNaughton, R.B., 2012. Ichnostratigraphy. In Developments
in Sedimentology (Vol. 64, pp. 195-212). Elsevier.

Olivero, E.B., Buatois, L.A. & Scasso, R.A., 2004. Paradictyodora antarctica: a new complex
vertical spreite trace fossil from the Upper Cretaceous-Paleogene of Antarctica and Tierra del

Fuego, Argentina. J. Paleontol., 78 (4), 783—789.

24



Ortowski, S. & Zylinska, A., 1996. Non-arthropod burrows from the middle and late Cambrian of
the Holy Cross Mountains, Poland. Acta Palaeontologica Polonica, 41(4), 385-4009.

Osgood Jr, R.G., 1970. Trace fossils of the Cincinnati area. Paleontogra. Amer., 41, 281-444.
Radwanski, A. & Roniewicz, P., 1963. Upper Cambrian trilobite ichnocoenosis from Wielka
Wisniowka (Holy Cross Mountains, Poland). Acta Palaeontologica Polonica, 8(2), 261-276.
Schlirf, M. & Uchman, A., 2005. Revision of the ichnogenus Sabellarifex Richter, 1921 and its
relationship to Skolithos Haldeman, 1840 and Polykladichnus Fiirsich, 1981. Journal of Systematic
Palaeontology, 3(2), 115-131.

Torsvik, T.H., & Cocks, L.R.M., 2017, Earth History and Palaecogeography. Cambridge University
Press.

Trewin, N.H. & McNamara, K.J., 1994. Arthropods invade the land: trace fossils and
palaeoenvironments of the Tumblagooda Sandstone (?late Silurian) of Kalbarri, Western
Australia. Trans. R. Soc. Edinb. Earth Sci., 85, 177-210.

Uchman, A., Gaigalas, A. & Kazakauskas, V., 2008. Trace fossils from the Upper Pleistocene
glaciolacustrine laminated sediments of Lithuania. Geologija, 50(3), 212-226.

Zapata, L.P., Hussey, M.C. & McMenamin, M.A., 2017. Multina from the Late Triassic Luning

Formation, Nevada. Ichnos, 24(1), 64-71.

25



