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Comments to the Author:
This is an important new record. My suggestions are as follows:

The track in Figure 5 is interpreted as a "transmitted track (undertrack)". | would instead argue that this is a
penetrative undertrack: A track that marks the passage of the foot as it sank deeply into soft sediment. The
longitudinal striations seen in digit Il are typical for such penetrative tracks; these are the broken edges of
down-bent layers that were dragged downwards by the descending foot. See
doi.org/10.1080/02724634.2020.1781142 and https://doi.org/10.26879/1389

I. 207: You identify a "digit Il impression", but based on what argument can you determine if it is a left or
right track? Since this is far from obvious, | also do not know which digit you are referring to.

I. 222: This track is unclear, but on what basis do you identify it as a transmitted track? Why not a surface
track? Please explain.

Interpretation Figure 8: | am again sceptical of the identification as "transmitted tracks" (why?). They are
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also hard to interpret/verify based on the oblique-angle photographs; a 3D model would be ideal.

I. 296: "The degree of asymmetry evident in Figure 4 also supports the interpretation of an ornithopod
track" — | am confused by this statement, as ornithopod tracks are usually considered to be more or less
symmetric, while theropod tracks are asymmetric. This track in Figure 4 is strongly asymmetric. | am
personally unconvinced about the ornithopod identification, as this is a low-fidelity track that could appear
short because of collapse of digit impressions or other effects.

I. 54: "Although relatively rare, they include the first dinosaur to be identified in the southern hemisphere"
— This is a bit unclear, can it be specified? When were these first dinosaur fossils described, by whom?

|. 116: Dot missing behind "conglomerates"

I. 152: A video documenting the tracksite is an excellent and very helpful addition, thank you for that.
However, Youtube is not a scientific data repository: It is by no means guaranteed that the video will
remain accessible long-term. Could you upload the video to a proper scientific data repository (such as
Figshare, Zenodo), or directly as supplement to this paper, to ensure long-term availability? Likewise,
making the 3D models available would also be great to ensure reproducibility of results.

Author response to Reviewer 1: Round 1

Thank you for your comprehensive review and your thorough and helpful suggestions. We have addressed
your suggestions, focusing especially on areas where there appeared to be congruence between your
opinions and those of the other reviewers.

In the annotated version of our revision, we have highlighted all the changes that have been made in
yellow, with explanatory comments in the right margin. These comments address your suggestions and
indicate how we have incorporated them wherever possible.

We acknowledge that the track features that we have described are lacking in morphological quality,
compared to many other sites in southern Africa and around the world. Furthermore, the limited surface
exposure of the Brenton Formation constrains our ability to seek only the finest tracks for publication. We
have acknowledged, also, that some of the features are ‘possible’ tracks (i.e., the identifications are not
conclusive) — following your suggestions, we have further highlighted this uncertainty.

We note that the main thrust of our paper is not to present impeccable examples of dinosaur tracks, but
instead is to document the youngest dinosaur tracks reported to date from southern Africa, and the second
reported site of Cretaceous dinosaur tracks in southern Africa. We have further highlighted that concept in
our revision.

Finally, some of your suggestions involve terminology, and sometimes terms are recommended that we are
not familiar with. Wherever possible, we have tried to go with your suggestions as regards terminology.

We thank you again for your review, and hope that we have adequately addressed your concerns. From our
perspective, incorporating your suggestions has resulted in a substantially improved version of our paper.

Reviewer 2: Round 1

Not openly accessible under our policy.
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Yes/No

REVIEWER: No

Is it stated that ethical approval was granted by an institutional ethics committee for studies involving
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If accepted, would you recommend that the article receives priority publication?
Yes/No

REVIEWER: No

Are you willing to review a revision of this manuscript?
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With regard to our policy on ‘Publishing peer review reports’, do you give us permission to publish your
anonymised peer review report alongside the authors’ response, as a supplementary file to the published
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Yes/No

REVIEWER: Yes

Comments to the Author:

Main areas of concern:

Geological context - the context of the tracks and how the related to the exposure is insufficient.

Methods and results - Mesozoic tracks, especially dinosaur tracks for which there is significant body of
research, is held to a different quantitative and qualitative level of description than more recent tracks that
are easily assigned to trackmakers. This manuscript is severely lacking in the usual types of description and
measurements to discuss morphology and ultimately assign a trackmaker. Furthermore, conventionally in
dinosaur track works morphological descriptions are followed by ichnotaxonomic assighment which is
related to a trackmaker - given the lack of description herein, one cannot conclude a trackmaker (please
see e.g., Falkingham et al 2018 for the modern standard ichnological recording of dinosaur tracks.
Furthermore, the figures are inadequate - a reader needs a perpendicular overview of the track to make
their own morphological assessment, the 3D model to aid them, and finally the authors interpretative
outline.

The tracks in profile are unconvincing most easily demonstrated in Figure 6 and lack substantiating.
Typically dinosaur tracks preserved in cross-section need evidence to argue they are indeed dinosaur tracks
vs other features - this is not done herein. Cross-sectional features cannot be directly related to palanar
view features, sometimes the distribution of features is questionable etc.

[See Appendix 1 for Reviewer 3’s comments made directly on the manuscript]

Author response to Reviewer 3: Round 1

Thank you for your comprehensive reviews and your thorough and helpful suggestions, including an
annotated version of our manuscript. We have addressed your suggestions, focusing especially on areas
where there appeared to be congruence between your opinions and those of the other reviewers.

In the annotated version of our revision, we have highlighted all the changes that have been made in
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yellow, with explanatory comments in the right margin. These comments address your suggestions and
indicate how we have incorporated them wherever possible.

We acknowledge that the track features that we have described are lacking in morphological quality,
compared to many other sites in southern Africa and around the world. Furthermore, the limited surface
exposure of the Brenton Formation constrains our ability to seek only the finest tracks for publication. We
have acknowledged, also, that some of the features are ‘possible’ tracks (i.e., the identifications are not
conclusive) — following your suggestions, we have further highlighted this uncertainty.

We note that the main thrust of our paper is not to present impeccable examples of dinosaur tracks, but
instead is to document the youngest dinosaur tracks reported to date from southern Africa, and the second
reported site of Cretaceous dinosaur tracks in southern Africa. We have further highlighted that concept in
our revision.

Finally, some of your suggestions involve terminology, and sometimes terms are recommended that we are
not familiar with. Wherever possible, we have tried to go with your suggestions as regards terminology.

We thank you again for your review, and hope that we have adequately addressed your concerns. From our
perspective, incorporating your suggestions has resulted in a substantially improved version of our paper.
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REVIEWER: Accept
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REVIEWER: Yes

Do the Title and Abstract clearly and accurately reflect the content of the manuscript?
Yes/No

REVIEWER: Yes

Is the research problem significant and concisely stated?

Yes/No

REVIEWER: Yes

Are the methods described comprehensively?

Yes/No

REVIEWER: Yes

Is the statistical treatment appropriate?

Yes/No/Not applicable/Not qualified to judge

REVIEWER: Not applicable

Are the interpretations and conclusions justified by the research results?
Yes/Partly/No

REVIEWER: Yes
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Please rate the manuscript on overall contribution to the field
Excellent/Good/Average/Below average/Poor

REVIEWER: Average

Please rate the manuscript on language, grammar and tone
Excellent/Good/Average/Below average/Poor

REVIEWER: Good

Is the manuscript succinct and free of repetition and redundancies?
Yes/No

REVIEWER: Yes

The number of tables in the manuscript is
Too few/Adequate/Too many/Not applicable

REVIEWER: Adequate

The number of figures in the manuscript is
Too few/Adequate/Too many/Not applicable

REVIEWER: Adequate

Are the results and discussion confined to relevance to the objective(s)?
Yes/No

REVIEWER: Yes

Is the supplementary material relevant and separated appropriately from the main document?
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REVIEWER: Not applicable

Please rate the manuscript on overall quality
Excellent/Good/Average/Below average/Poor

REVIEWER: Good

Is appropriate and adequate reference made to other work in the field?

Yes/No

REVIEWER: Yes

Is it stated that ethical approval was granted by an institutional ethics committee for studies involving
human subjects and non-human vertebrates?

Yes/No/Not applicable

REVIEWER: Not applicable

If accepted, would you recommend that the article receives priority publication?

Yes/No

REVIEWER: No

Are you willing to review a revision of this manuscript?
Yes/No

REVIEWER: Yes

With regard to our policy on ‘Publishing peer review reports’, do you give us permission to publish your
anonymised peer review report alongside the authors’ response, as a supplementary file to the published
article? Publication is voluntary and only with permission from both yourself and the author.

Yes/No

REVIEWER: Yes

Comments to the Author:

Looks all good to me now, thank you for carefully addressing all comments. | do not have any further
requests, but one note regarding the ornithopod identification:

| personally would have removed the ornithopod mention entirely; yes, the short/broad digits look
ornithopod-like, but such tracks are Cretaceous in age and in your case, the morphology is, | think, clearly
preservational and we just cannot say anything regarding the trackmaker group. | personally think that a
theropod identity is more likely. But since you word it as "possible", | think that's acceptable.
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Appendix 1: Reviewer 3's comments on manuscript (Round 1)

CRETACEOUS DINOSAUR TRACKS IN THE BRENTON FORMATION,
WESTERN CAPE

Abstract

Dinosaur tracks, probably aged ~132 Ma, have been identified in South Africa’s Western Cape
Province, where they occur within the Brenton Formation of the Cretaceous Uitenhage Group.
At least one dinosaur bone has previously been identified from the Brenton Formation. Tracks
are evident both in profile in low cliff exposures and in pedestalled epirelief on a
mudstone/siltstone surface that is ephemerally exposed within an intertidal zone. The
trackmaker assemblage is interpreted to include sauropods, theropods and ornithopods. These
form the youngest reported dinosaur tracks in southern Africa, the second record of dinosaur
tracks from the southern African Cretaceous, and the second record from the Western Cape
province. The first dinosaur tracks to be identified in the Western Cape province were recently

reported from Robberg Formation deposits (also from the Uitenhage Group) aged ~140 Ma.

Significance of the main findings

- Cretaceous dinosaur tracks have been identified in the Brenton Formation.

- These form the second report of dinosaur tracks in the Western Cape province of South Africa
- At an estimated 132 million years old, these are the youngest dinosaur tracks thus far
identified in southern Africa.

- Tracks are evident in profile view in cliffs and in plan view.

- Tracks of theropods, sauropods and ornithopods have been identified.

- A search for dinosaur tracks in other suitable formations of similar age in the Western Cape is

indicated.

[Figures are provided on the page below the references]
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Introduction

The southern African Mesozoic vertebrate ichnological record is world renowned and

contains reports of, inter alia, dinosaur tracks from Triassic and Jurassic deposits from

the Karoo Basin in Lesotho and the Eastern Cape, Free State and[ Northern Cape —

provinces of South Africa. These reports began with the seminal work of Ellenberger-3,
followed by many subsequent publications.*'3 Peripheral basins in Namibia' and
Zimbabwe'® have contributed further to the Triassic and Jurassic vertebrate ichnological
record for the sub-continent.

The abrupt termination of the record of both body fossils and trace fossils around 182—
183 Ma is accounted for by the overlaying of Karoo Basin sedimentary deposits by vast
quantities of basaltic lava, now referred to as the Drakensberg Group.'® Bordy et al."”
provided ichnological evidence to show that at least some theropods, ornithischians and
synapsids survived the initial onslaught of these lava flows and were inferred to be

among the last vertebrates to inhabit the Karoo Basin.

Whereas at a global level the Late Jurassic and Cretaceous periods are regarded as a
dinosaur ‘heyday’, the Cretaceous fossil record in southern Africa is relatively sparse.
Associated with the fragmentation of Gondwana, limited Cretaceous terrestrial deposits
formed in the Algoa Basin and elsewhere in what are now the Western Cape province
and Eastern Cape provinces of South Africa®, as well as in Namaqualand /
Bushmanland, Kwazulu-Natal, and Zimbabwe.® In the Eastern Cape and Western
Cape these deposits form part of the Uitenhage Group'®, within which dinosaur body
fossils have been discovered in the Kirkwood Formation.2° Although relatively rare, they
include the first dinosaur to be identified in the southern hemisphere, now identified as a
stegosaur?!, sauropods?%-23, a coelurosaurian®324, theropods?® and iguanodontid
hatchlings and juveniles.?> Non-dinosaurian vertebrates include garfish, turtles and

crocodylians.?®

Commented [A1]: | do not think this is correct.
Stormberg Group does not outcrop here. There are non-
dinosaurian tracks in the Northern Cape.

Additionally there are numerous dinosaur tracksites in
Kwazula Natal.
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In addition to the two examples (described below) of skeletal material from the Brenton
Formation, there are three other reported examples from the Western Cape province, all
from the Kirkwood Formation. A sauropod tooth was found north of Oudtshoorn by
Broom in 1927.26 Du Toit (p. 387) referred to “a few dinosaurian teeth” which had been
found near Oudtshoorn, without providing further details.?” Disarticulated bones,
including a large centrum, were found in 1964 near Calitzdorp.® They were initially
interpreted as plesiosaurian, but are now thought to be from a sauropod.?® A sauropod
tooth was identified in the Vleesbaai area west of Mossel Bay.?® Until recently, Mesozoic
vertebrate trace fossils had not been described from deposits of the Uitenhage Group
or, for that matter, anywhere in southern Africa following the deposition of the enormous

lava flows in the Karoo Basin.

A variety of rock types occur along the Cape south coast. For the most part, Cenozoic
deposits of the Bredasdorp Group are interspersed with Palaeozoic quartzite exposures
of the Cape Supergroup, and granite exposures of the Cape Granite Suite,
unconsolidated Holocene dunes and expanses of beach; Mesozoic deposits constitute
less than two percent of this stretch of coastline.>® Nonetheless, Plint et al.3! reported
tracks of sauropods and possibly ornithopods from deposits of the Robberg
Formation32, which forms part of the Uitenhage Group. The majority of these Berriasian

(~140 Ma) tracks were identified in profile in cliff exposures.

A tiny pocket of Cretaceous Brenton Formation deposits is exposed along the shore of
the Knysna Estuary (Figure 1). It has yielded a theropod tooth (found and identified by a
13-year-old), and probably a portion of an ornithischian tibia — the latter, found on a
beach at Brenton-on-Sea, may have originated in an offshore exposure of the Brenton
Formation.3® Along with the three examples mentioned above, these constitute the only
known, published records of vertebrate Mesozoic body fossils from the Western Cape

province.
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The purpose of this paper is to report on the Mesozoic tracks that have been identified
within the sub-aerial exposure of the Brenton Formation. Resulting implications of this

discovery are then addressed.

Geological context

The break-up of Gondwana, involving rifting between Africa and South America,
occurred between the Early Jurassic and the Early Cretaceous.'® As a result, the
Outeniqua Basin accumulated substantial amounts of sediment, as much as several
kilometres thick in places.3*35 Sedimentary rocks in the northern portion of this basin

are patchily exposed along the Cape south coast of South Africa and inland.

The precise stratigraphic relationships of the Brenton Formation (which forms a minor
component of the Uitenhage Group), remain uncertain, as does its age. Whereas the

lower, [non-marine\ part of the Brenton Formation is thought to correlate with the

Kirkwood Formation, the upper, marine part is thought to correlate with the Sundays
River Formation.3637 The age of the Formation has been interpreted as Late Jurassic,
based on ostracod assemblages and an ammonite®, or Early Cretaceous (Late
Valanginian or Hauterivian), based on foraminiferal assemblages.3” While the former of
these contentions has been refuted either on grounds of misidentification or of
reworking of sediments®, this is not unequivocal and recent opinion tends towards a
Valanginian or Hauterivian age.®® An attempt to resolve the age of the Brenton
Formation using detrital zircon geochronology was unsuccessful, due to an absence of

Cretaceous zircons.®®

The Brenton Formation only outcrops in the Knysna area, and comprises greenish-grey
and beige sandstones and mudstones, claystones and siltstones, with a thickness of 6—
20 m, as well as occasional conglomerates % It is exposed along the southern margin of
the Knysna Estuary at low tide.383% 9 The mudstones are exposed either as relatively

level surfaces or as grey-weathering cliffs. The sandstone outcrops may be massive or

_— [ Commented [A2]: terrestrial
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may exhibit cross bedding, and may occasionally contain well-rounded quartzite
pebbles and charcoal fragments. The sandstone beds are more likely to form cliff

exposures than the mudstone units.

Methods

[Standard track measurements of length, width and depth\ were recorded in centimetres.

For tracks evident in profile, the diameter and depth of deformation were measured.

Photographs were taken during different lighting conditions. Following initial

photographing, tracks were outlined lightly in chalk and further photographs were taken.

Photographs were taken for photogrammetric analysis, sensu Matthews et al.41, from
which 3D models were generated with Agisoft Metashape Professional (v. 1.0.4) using
an Olympus Tough model TG-6 camera (focal length 4.5 mm; resolution 4000 x 3000;
pixel size 1.56 x 1.56 ym). The final images were rendered using CloudCompare
(v.2.10-beta).

A transect of overlapping photographs of the cliff-face was taken from southeast to
northwest, to document the extent of the cliff outcrop. Drone photography was

employed, using a DJI Air 3 model, with a 16:9 ratio.

Strike and dip readings were obtained, and the stratigraphy and sedimentology of the
surrounding deposits were assessed. Where accessible, bushes were clipped so as to
expose the cliff outcrop. Global Positioning System readings were taken, using a hand-
held device. Locality data were reposited with the African Centre for Coastal

Palaeoscience at [Anonymised], and are available to researchers upon request.

~| Commented [A3]: Insufficient morphological metrics.

Please see Falkingham et al., 2018.
Additional metrics are needed for robust taxonomic
assignment.

For example, ornithopod and theropod tracks are
presented — important characteristics include digit
projection (to demonstrate their distinct mesaxony vs
theropod tracks)-- see Castanera et al., 2013

Although secondary, interdigit angles are also useful -
especially when combined with understanding the
geological context. ID of ornihopods > theropods
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Results and interpretation

Cliffs of the Brenton Formation, approximately five metres in height, crop out on the
southwestern shore of the Knysna Estuary, and extend for 40 m in a southeast to
northwest direction (Figure 2). A short video documents the site:
https://www.youtube.com/watch?v=JvQZuHOdcOE . The tracklike features were first
noted by AUTHOR’S NAME.

A schematic, cross-sectional diagram based on the transect of the outcrop exposed in
the cliff is illustrated in Figure 3. Due to the limited extent of the outcrop, it was not
possible to conduct a definitive interpretation of the sedimentary palaeoenvironment in
which these Brenton Formation rocks were deposited. However, the presence of

indicative bedform structures enables certain deductions to be made.

The lowermost unit comprises bioturbated (probably ‘dinoturbated’), dark grey,
laminated mudstone and siltstone (‘Unit 1), which is heavily jointed (joints are typically
fairly regularly spaced, 2-3 cm apart). The base of the mudstone / siltstone layer
extends as a series of palaeosurfaces towards the estuary, with a 1° dip to the
northeast, and is inundated twice daily during high-tide events. These palaeosurface
outcrops, which measure a total of 10 metres x 5 metres, are partially or completely
covered by estuarine sand, mud, pebbles, or loose rocks after periodic sedimentary

inundation. Unit 1 contains most of the tracks described here.

Unit 1 is overlain by a light grey to whitish, sandstone (‘Unit 2) that displays cross-

—| Commented [A4]: Include here that the tracks are in

profile or planar view. Planar view on palaeosurfaces and
in laminated units one is able to make out distortions

bedded foresets inclined to the southeast. The contact between these two units is
vague, being possibly transitional. Unit 2 is overlain by a channelised, light brown
sandstone lens (Unit 3) which, in places, appears to be downcutting into Unit 2. It, in
turn, is overlain by a channelised sandstone (Unit 4), which also displays cross-bedding
and contains Leisegang ring features. The sequence is overlain by modern calcrete and

scree. Given the dip of the stratigraphy to the southeast, moving from southeast to

—| Commented [A5]: For units 2 and 3 no mention is made

of tracks being preserved within them and how these
tracks are observed.

For the cross-bedded units especially important
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northwest along the base of the cliffs involves travelling ‘down-section’. Unit 1 is

consequently not visible in the southeastern portion.

This ‘pocket’ of Brenton Formation outcrop probably represents a basinward facies
extension of the channelised conglomerates exposed along the lagoon cliff faces further
north and west at Belvidere and Knysna. Within the Knysna Cretaceous Basin there is a
rapid southward decrease in clast size within the fluvial channels, resulting in few to no
pebbles in the sandstone south of Belvidere. The sequence in the cliff-face outcrop
described here is considered to represent shallow water, sandy fluvial channel and point
bar sediments (Units 2, 3 and 4) deposited in a lagoonal environmental setting. Unit 1,

containing most of the tracks, probably represents a lagoonal mudstone environment.

[Thke features which are interpreted here as dinosaur tracks are evident in plan view and

in profile. The plan view features are described first, followed by the profile features.

Features in ‘plan view’

The features on the palaeosurfaces in Unit 1 within the intertidal area are described
from southeast to northwest. Several features occur on a palaeosurface in the
southeastern portion of the unit, which lies about 15 cm above the level of the
northwestern palaeosurface. Two features, ~40 cm apart, stand proud of the surface
(Figure 4a). The southeastern feature appears amorphous, Mhereas a pattern

resembling a small, tridactyl, asymmetrical ornithopod track, with maximum length of 21

cm and maximum width of 21 cm, is evident on the northwestern feature (Figure 4b). It

is interpreted as a probable ornithopod[ transmitted track \(undertrack) preserved in

pedestalled epirelief.

Alpattern of a theropod track, with relatively long, narrow digits, is also slightly raised

above the surface (Figure 5). Maximum length is 19 cm, and maximum width is 17 cm.
The digits display no curvature, and the feature is interpreted as a probable theropod

transmitted track (undertrack) preserved in pedestalled epirelief. The digit || impression

N
\
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is clearly visible in Figures 5a and 5c¢ due to deformation of underlying bedding, but is
not prominent in the photogrammetry image (Figure 5b) as it exhibits little relief. The

tracld pattern|is thus best appreciated by examining both Figures 5a and 5b.

At the northwestern edge of this palaeosurface, at least five further raised areas are
present in a linear pattern in pedestalled epirelief (Figure 6). Some of these are also
evident in profile view in another heavily jointed area. They are amorphous, but
consistently about 30 cm in size. Where deformation of underlying layers is visible, it is

|_— { Commented [A10]: Outline / morphology

as much as 10 cm deep. Although trackmaker identity cannot be identified, the [Iinear | Commented [A11]: This pattern is not linear. These

pattern suggests a trackway.

The northwestern palaeosurface is lower than the southeastern section. Standing proud
of it, a raised feature exhibits a maximum length of 40 cm, a maximum width of 42 cm,
and a tridactyl pattern with blunt-tipped digits (Figure 7a). It is interpreted as an
ornithopod transmitted track preserved in pedestalled epirelief.

Nearby are two raised features, 30 cm long and 34 cm wide, with a pace length of 60
cm (Figure 7b). Both exhibit tridactyl morphology with blunt-tipped digits. They may

represent a short segment of a pedestalled ornithopod trackway.

In the same area, at least six large, saucer-shaped depressions stand as much as 3 cm
proud of the surface (Figure 8). These measure up to 60 cm in diameter, and in two
cases appear in pairs comprising a large round or oval feature adjacent to a smaller
one. Where these features can be viewed in profile, slight concave deformation of
underlying layers is apparent. Evidence of digit outlines is absent. These features are

interpreted as possible sauropod transmitted tracks preserved in pedestalled epirelief.

Features in profile

features go all the way around the curvature of the
exposed rock.

Track features are described from southeast to northwest. At the southeastern end of

the cliffs concave-up deformation (as much 20 cm deep and 40 cm in diameter) is
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features that wrap around the exposed sandstone block,
there is no lithological change. These are likely
weatehring features. Right on the edge of the sandstone
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present in Unit 4 just above beach level (Figure 9a). Moving northwest, an area of
concave-up deformation 15 cm deep, and 36 cm in maximum diameter, is evident in

Unit 3, about 70 cm above beach level. A smaller area of concave deformation, 14 cm

in diameter, is present in the upper portion of the area of deformation (Figure 9b). In
general, lower layers within this feature are progressively less deformed/ These features |
are consistent with dinosaur tracks viewed in profile, although the trackmaker cannot be
identified.

Vegetation that was hanging down over the cliffs was cleared, to fully expose two large
areas of gentle concave-up deformation in Unit 3 with a diameter of 70 cm and depth of
as much as 30 cm (Figures 9c and 9d). This raises the possibility of sauropod tracks,

registered in a relatively firm sandy substrate, now evident in profile.

The cliffs then briefly angle in a westerly direction before continuing in a northwesterly
direction. Just around this corner, a punch-down structure is evident in Unit 1, with
substantial deformation that includes microfaulting (Figure 9e). The feature is 14 cm in
maximum diameter and depth, and is highly indicative of a dinosaur track, registered in
a soft, muddy substrate, now evident in profile.

The next feature, also in Unit 1, is smaller, 10 cm in diameter and 5 cm in depth (Figure
9f). Again, concave-up deformation is present, and a small dinosaur track in profile is

inferred.

This is followed by an area of chaotic bedding in Unit 1 (Figure 10a). The likeliest
explanation of this type of deformation in otherwise laminated mudstone is intense
dinoturbation.

This, in turn, is followed by an intriguing feature in Unit 1. An area of concave-up
deformation, 18 cm in diameter and 8 cm in depth, has two very narrow, sub-parallel
projections at its northwestern end (Figure 10b). Each is ~8 cm long, and they are

separated by ~4 cm. In one case, fine deformation of underlying layers is apparent. This

| Commented [A13]: Which features? Lack of description

for why these are dinoturbation rather than
sedimenntolgoical features like convoluted laminations.




270 s inferred to be a probable theropod track, viewed ‘three-quarters-on’, with the narrow
271  projections having been registered by two of the digits.

272

273 Next is a punch-down structure in Unit 1 of abrupt, concave-up deformation, 45 cm in
274  diameter and 25 cm deep (Figure 10c). It is located at the base of the cliffs, just above
275  the high-tide mark, and is interpreted as a dinosaur track in profile.

276

277  Finally, an area in Unit 1 of concave-up deformation, 10 cm in diameter and 4 cm deep,
278  contains three narrow, tapering, sub-parallel protrusions from its lower border (Figure
279  10d). Fine microfaulting is present. These resemble the protrusions in Figures 10b and
280 10d and are also inferred to represent theropod digit impressions.

281

282

283 Discussion

284

285 The Brenton Formation contains non-marine Mesozoic deposits which have already
286 yielded at least one dinosaur bone. It is therefore not surprising that dinosaur tracks
287  were preserved in these deposits, where suitable substrates and preservation factors
288  were present. It is acknowledged that while the term ‘dinosaur track’ is used to describe
289  many of the features seen in profile, other heavy trackmakers such as crocodylians
290  might also have registered the traces.

291

292  The trackmaker assemblage is inferred to include theropods, ornithopods and

293  sauropods. Although the distinction between theropod tracks and ornithopod tracks is
294  not always clear, tridactyl tracks that are wider than they are long can reasonably be
295 inferred to have been registered by ornithopods or similar trackmakers. The degree of
296 asymmetry evident in Figure 4 also supports the interpretation of an ornithopod track.
297  Moreover, long, narrow, tapering digits are characteristic of theropod tracks.*? These
298 guidelines have been applied here. In contrast, sauropod tracks are generally

299 identifiable by their substantial size, round or oval shape, and often an absence of

300 distinct digit impressions.

10
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Figures 10b and 10d portray features interpreted to represent theropod tracks with digit
impressions, seen ‘three-quarters-on’. It is instructive to compare this with a Pleistocene
moa track from New Zealand, registered in sand and now preserved as aeolianite. A
moa track is similar in many respects to a theropod track, both being tridactyl with
straight, relatively narrow digit impressions.*® Figure 10e shows such a track, also
viewed ‘three-quarters-on’. The similarity in observed morphology supports the
contention that the features evident in Figures 10b and 10d indeed represent theropod

digit impressions.

Many of the features interpreted here as tracks are evident in profile. We follow the
foundational work on track forms performed by Allen*445, and for a more recent,
regional example we follow Plint et al.3" The features are a type of soft-sediment
deformation structure®®, and other causes of such structures need to be considered and
excluded. Using the rationale elucidated in Plint et al.3!, we consider other causes of
soft sediment deformation substantially less plausible than the passage of heavy
trackmakers, i.e., we infer a biogenic origin. For example, there is no obvious evidence
to support seismic activity or gravitational load structures causing the described

features.

In describing features seen in profile, we note how the degree of deformation of
underlying layers is related to substrate competence and may be viewed on a spectrum.
At one end of this spectrum are probable sauropod tracks registered in a firm substrate
(Figures 9 c, 9d): only slight deformation of underlying layers is apparent, despite the
inferred heavy trackmaker mass. At the other end is the type of deformation evident in
Figure 9e, where a deep, punch-down structure with microfaulting is seen, reflecting the
passage of a heavy trackmaker on a soft, muddy substrate that nonetheless had some
cohesiveness. In between, on this spectrum, there exists a range of deformation

features as described.

11
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All the tracks that are evident in plan view are preserved in pedestalled epirelief.
Pedestalled tracks are relatively rare in the global ichnological record but are readily
explained. Underlying layers are compressed and thus become resistant to erosion.
Sometimes the original track is still visible, and at other times transmitted tracks

(undertracks) are visible.4247

The features identified here form the second example of Cretaceous tracks in southern
Africa, and the second example of dinosaur tracks in the Western Cape. The first
example involved dinosaur tracks of Berriasian age from the Robberg Formation.3' As
the Brenton Formation is thought probably to be of younger age (Valanginian or
Hauterivian) with an age estimate of ~132 Ma, the dinosaur tracks described here

therefore appear to be the youngest thus far described from southern Africa.

Conclusions

The described tracks are often subtle in appearance, and often not of exceptional
preservation quality. They will probably not meet the public expectation of obvious, long
dinosaur trackways. Nonetheless, they can be readily appreciated by a discerning
observer, and their major importance lies in demonstrating the presence of dinosaur
tracks from the Cretaceous in the Western Cape. Being in all probability the youngest
dinosaur tracks thus far identified in southern Africa, and the second occurrence in the

Western Cape, gives them particular significance.

In addition, pedestalled tracks are a relatively rare ichnological phenomenon, and their
prevalence here is of note. Furthermore, the intriguing appearance of probable theropod
tracks in ‘three-quarter view’ forms an unusual and noteworthy presentation. The fact
that a fairly substantial number of tracks, evident both in plan view and in profile, have
been identified within a relatively small area of outcrop suggests a considerable
dinosaur presence in the regional shallow-water channels and point bar sediments of a

lagoonal environment.
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Dinosaur tracks have now been reported from the Robberg Formation and the Brenton
Formation, both of which have comparatively limited exposures. Non-marine deposits of
the fossiliferous Kirkwood Formation are exposed over a much larger area in the region.
A search for dinosaur tracks in suitable non-marine exposures in this Cretaceous

formation in the Western Cape and Eastern Cape provinces is indicated.
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Figure 1: (a) Map showing the extent of Cretaceous deposits in South Africa’s Western Cape and
Eastern Cape provinces. The exposure of the Brenton Formation at Knysna is indicated by an asterisk. B
= Bredasdorp, E = Enon, G = George, K = Kirkwood, M = Mossel Bay, O = Oudtshoorn, PE = Ggeberha,
W = Worcester. Reproduced with permission from Muir et al.'® (b) Schematic representation of the main
units of the Uitenhage Group and their stratigraphic position in the Mesozoic rift basins (not to scale);
modified from Muir et al.’® The position of the isolated Brenton Formation is indicated by the large black

arrow.
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[Figure 2: ka) Brenton Formation cliff-face outcrop, looking northwest. (b) The outcrop, looking southeast;

the Unit 1 palaeosurface is visible in the foreground. (c) Aerial view of the full extent of the exposure. (d)

View from above of the exposure; a track-bearing portion of the exposed palaeosurface is visible at

bottom right.

Commented [A14]: Figure would benefit from
annotations

Beach sand

Vegetation

Iron-stained lens
within sandstone

Sedimentary Units

Preliminary Facies Interpretation

Light grey to brownish, trough cross-bedded sandstone Shallow river channel downcutting into point bar sequence

e
3 Light brown, cross-bedded d: with
= i

‘Aggrading point bars of a shallow, meandering river

———
2 i Light grey to whitish, low angle cross-bedded sandstone

Dark grey laminated mudstone and siltstone - bioturbated Lagoon or Estuary
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[Figure B: Schematic diagram of the Brenton Formation transect facing west, showing a preliminary

interpretation of the outcropping sedimentary units.
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[Figure 4:\ (a) Arrows indicate two raised features on a palaeosurface in Unit 1; the probable ornithopod

— | Cc ted [A15]: Add tichnosites to provide their
context
Cc ted [A16]: Authors should add unedited

track is located on the left raised feature; scale bars = 10 cm. (b) 3D photogrammetry model of a probable

pedestalled ornithopod track. Horizontal and vertical scales are in metres.
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perpendicular views of the tracks in questions so that
readers can make their own assessment - morphology
cannot be determined from this angled photograph. An
interpretive outline of the authors assessment of the track
morphology should also be included in the figure.

A has no easy scale.
No indication in A which track is represented by B.

As it stands it is difficult to correlate the track depicted in
B with the field photograph.




580
581
582
583
584

[Figure 5: (b) The probable theropod track; scale bars — 10 cm.

(

o

b) 3D photogrammetry model of the

Cc ted [A17]: Over interpretation of track

probable pedestalled theropod track. Horizontal and vertical scales are in metres. (c) The track has been

lightly outlined in white chalk.
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morphology.

Interpretated heel impression in C does not match in the
3D model and the right outer digit should be uncealr




585
586
587
588

589
590
591
592
593

z A

[Figure 6:\ (a) Arrows indicate the possible dinosaur trackway. (b) - (d) show tracks from various

perspectives. All scale bars = 10 cm.
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[Figure 7:/(a) 3D photogrammetry model of possible pedestalled ornithopod track. Horizontal and vertical

scales are in metres. (b) The possible ornithopod tracks in what may be a short trackway have been

outlined; scale bar = 10 cm.
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Commented [A18]: Unconvincing.

From the photograph this does not appear to be a bedding
plane. There are numerous explanations for why we can
have these rounded features of which the most simple
would be related to weathering. Cross-sectional dinosaur
tracks would require more substantiation.

No clear depiction of the planar view tracks

Commented [A19]: Perpendicular photo without
interpretative outlines are needed for the reader to make
assessments. It is difficult to correlate the 3D image with
the photgraphed surface - the outline in field view does
not correspond with the 3D model.

3D modeled track seems to be a signifcant positive
feature butin B the track in foreground seems flat.
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[Figure 8: (a) Arrows indicate possible sauropod tracks beside the estuary. (b) Viewed in profile, the

gentle concave-up deformation in underlying layers in evident. (c) Arrows indicate possible sauropod
tracks. (d) Tracks have been lightly outlined in white chalk. All scale bars = 10 cm.
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Commented [A20]: Unconvincing. A and C look like
weathering features.

Chalk outlines aren’t clear.
In C are the bottom left interpreted to be a manus pes

pair? Why no 3D modelling here to see if any detail can be
observed.
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Figure 9: (a) and (b) Deformation features in Units 3 and 4 are interpreted as probable dinosaur tracks.

(c) and (d) Gentle deformation of underlying layers in Unit 3 possibly represents large sauropod tracks
viewed in profile. (e) Punch-down structure interpreted as a dinosaur track in Unit 1. (f) Deformation in

Unit 1 layers interpreted as a small dinosaur track. All scale bars = 10 cm.
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Figure 10: (a) Chaotic bedding in Unit 1. (b) and (d) Distortion of Unit 1 layers interpreted as representing
theropod track impression viewed ‘three quarters on’. (c) A punch-down structure interpreted as a
dinosaur track just above beach level. All scale bars = 10 cm. (e) A moa track within an inclined
Pleistocene aeolianite sequence exposed on a wave-cut erosion surface in New Zealand. Although

mostly evident in profile, the track is interpreted as being seen ‘three-quarters-on’; scale bar = 10 cm.
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